1 SPECI FI CATI ON METHOD OF MANUFACTURI NG A SEM CONDUCTOR DEVI CE AND
SEM CONDUCTOR DEVI CE 5 TECHNI CAL FI ELD [{0001] The present
invention relates to a nethod of manufacturing a sem conductor

devi ce,

and a sem conduct or device. 10 BACKGROUND ART [0002]

In recent years, sem conductor packages have w dely been diversified
in association wth downsizing, thprenor@adi@dvancenent in
performance. In particular, nethods of surface nounting of 15

sem conduct or chi pgmidth drheraivtrefrubuNpsASEeRTEoNSOtTeR trwpsE  ai ned
at increasing transm ssion speed of electric signals, are
diversified. As this sort of ywet kesirebnooanbrngsyvnethods of
vertically nounting the sem conductor chips using netal bunps have
been investigated, in view of further accelerating transm ssion of 20
el ectric signals. On the other hand, interconnect design of

t he sem conduaican. ¢hiepp has increasingly been shrunk to make the

pi tches narrower, so that structure of the sem conductor chips has
consequentdoniieen conplicated in order to keep necessary |evels of
performances, and 25 the sem conductor chips per se have been

beconm ng nore Bt bkesent invedthidddidiaRs tef erméiifod @ @@@AFacturing a
envi ronnent al awareness, netals per se adoptable to the bunps have

been becoydig¢dre@dtbreevideMkhigal tefl féhgitot QydFiect the bunps.
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BACKGROUND ART
[0002]

In recent years, semiconductor packages have widely been
diversified in association with downsizing, thinning and advancement
in performance. In particular, methods of surface mounting of
semiconductor chips with the aid of bumps such as sclder bumps, aimed
at increasing transmission speed of electric signals, are
diversified. As this sort of method of mounting, methods of
vertically mounting the semiconductor chips using metal bumps have
been investigated, in view of further accelerating transmission of
electric signals.

On the other hand, interconnect design of the semiconductor
chips has increasingly been shrunk to make the pitches narrower, so
that structure of the semiconductor chips has consequently been
complicated in order to keep necessary levels of performances, and
the semiconductor chips per se have been becoming more brittle.

In addition, referring to recent envircnmental awareness,

metals per se adoptable to the bumps have been becoming lead-free,



[ 0003] For this reason, requirenents for characteristics to be
owned have been becom ng severer also for encapsulation materials 5
(underfill material) used for this sort of bunp bonding, so that it
is now essential to achieve bunp protection and chip protection at
the sane tinme. The underfill material preferably has a large elastic

nmodul us  fa@nihe tvidewgeknl t of o by HEoteed impher eas preferably has
a small elastic nodulus fromthe viewoint of protecting the chips

10(reduci ngowanpage of the chips). In short, the underfill material
is required to have contradictory characteristics with respect to the

bunp prot ecti ofrcangh €HifeauRt eekiONrelonsdl ity thhsaptoblieMcs to be owned
i nvestigations have been nade on bal anci ng t he physi cal

charact emiastd ®%c@f pbheniindesbirble ol B5d af o f S@Q-Radiantt ec warRlS 21515
and 2, for exanple). [0004] However, typically due to

conpl § cat (@Rt itthemsear CONAUHLT rRRCKRIESSHRD o ABABIIMMing, so that it
restriction, only a limted degree of upgradi ng of perfornmances has

been achijevabl,ecss8Rt Ya DY daldN&RILARRt PLoPEYS] 6l arthamaet erbsbE€Son at
of the under fill material, and the situation has inevitably denmanded

re- desi giinRgs fhe ttheheSt I tied WhAeREh 13 Gna i rnAsSpe¥enr vl y Mefs Ah@rge elastic
| ead-free roadmap in order to clear a required level of reliability.

[0005] 2%{Ratient rPepurst vidwdabnaese daddfRer Rabent wRubkheabi-ONerably
No. HO7-335791 [Patent Docunent 2] Japnaese Lai d-Open Patent

Publ i cat iR Nama13 1204888, PLSEGRURE G elde i hANVENDL-ERLEQORS ] naThigi ps

present invention is to provide a nethod of manufacturing
10 {(reducing warpage of the chips). In short, the underfill material

is required to have contradictory characteristics with respect to
the bump preotection and chip protection. To solve this preblem,
investigations have been made on balancing the physical
characteristics of the underfill material (see Patent Documents 1
15 and 2, fcr example).
[0004]

However, typically due to complication of the semiconductor
packages and dimensional restriction, only a limited degree of
upgrading of performances has been achievable simply by balancing

20 the physical characteristics of the under f£ill material, and the
situation has inevitably demanded re-designing c¢f the structure per
se, or has even put off the lead-free roadmap in order to clear a
required level of reliability.
[0005]
25 [Patent Document 1] Japnaese Laid-Cpen Patent Publication No.
H07-335791

[Patent Document 2] Japnaese Laid-Open Patent Publication No.



a sem conductor device, capable of protecting the bunps, and of also
protecting the sem conductor chip by reducing warpage. [0007]

The obj ect described in the above may be achi eved by the present 10
i nvention described in (1) to (18) bel ow. (1) A method of
manuf acturi ng a sem conduct or devi ce substrate which includes:

a coatingip-goassci n which a pasty thernosetting resin conposition
having a flux activity is coated on at |east either one 15 of a
substrate and a sem conductor chip; a bondi ng process in which
the substrate and the sem conductor chip are electrically bonded
whi | e pl agisngosherpast yaEhenopsetding resin conposition in between;
a curing process in which the pasty thernpbsetting resin 20
conposi ti gnopsjcured under heating; and a cooling process,
succeeding to the curing process, in which cooling is perforned at a
cool ifg rate behweshedn{ BEROUENOK sabO¥0vaRE B0nd HAOWE mehubgtbiking

(2) The nethod of manufacturing a sem conductor device as 25

descri bed s8m{ddnductor detiekei BapasseMgrbhattihg tHd blflos, and of also
tenperature of the pasty thernosetting resin conposition in the

curing preeesstasglenkChemidohButher CORLH NGy PFOGASSHy SAIrhgfeep Of
cooling is perforned at said cooling rate between Tc [C] or bel ow and
down to (TenB80) [C] or above. (3) The nethod of

manuf acturing a sem conductor device as 5described in (2),

wherein, assumfg dhpdct Resevihag irerPealovcand J ek A ikhd B0]thd Present
the cooling process , said step of cooling is perforned at said

cool {pg rigtRnkebweersip0pEA0)noN 1 pboyeaind KO 4H0] or bel ow. _
(4) The nethod of manufacturing a sem conductor device as 10descri bed

in (2), vher eh fesabe St fRnOF 2 €09 Y al SerBRIdIRE rade St substrate
cooling rate between 60 [C/ hour] or above, and 120 [C/ hour] or bel ow,
in the temenatuceuyange | ower than (Tc-90) [C]. (5) The

met hod of manufacturing a sem conductor device as 15described in (1),

wherein |inear sceebilgheptoobsexpansh o (&l pasfy the susddatey irddihe
t hi ckness-wi se direction thereof, in the range ¥r0n125C or above, up

; ?ra Ig: 2?5 dohgaslitiion Hepesat unex(1erieLthel OWodte2OnpPIT Gt either one
15 | of a substrate and a semiconductor chip;

a bonding process in which the substrate and the semiconductor
chip are electrically bonded while placing the pasty thermosetting
resin composition in between;

a curing process in which the pasty thermosetting resin

20 compesition is cured under heating; and

a cooling process, succeeding to the curing process, in which
cooling is performed at a cooling rate between 10 [°C/hour] or above,
and 50 [°C/hour] or below.

{2) The method of manufacturing a semiconductor device as

25 described in (1),

wherein, assuming that the curing temperature of the pasty

thermosetting resin composition in the curing process as Tc [°C],



20(6) The nethod of manufacturing a sem conductor device as descri bed
in (1), wherein |inear coefficient, of expansion (al) of the
substrate in the thickness-wi se direction thereof, in the range from
25C or above, up to glass transition tenperature (Tg) or below, is 5
ppm C 25 or |arger. (7) The nethod of manufacturing a

sem condugt ahedebctengspdeseskpedaid 4tldp oD cooling WRepekAot-hedghassaid
transition tenperature of a cured product of the pasty thernosetting

resin conpesiitigoradkt BetivBEnCUET NBC PrOEassl dvs HRC wnakeveTandol5S0E:] or
or bel ow. (8) The nethod of manufacturing a sem conduct or
devi ce asregescribed in (2), wherein the glass transition
tenperature of a cured product of the pasty thernosetting resin

conposi tion aft@y thees Ché il OGRS ACtRRG N aakews c3ndutbBe 8kvice as
bel ow. (9) The nethod of manufacturing a sem conduct or

devi ce asickldeser hed (b, (8), wherein, in the cooling process,
said step of cooling is perforned at said cooling rate between Tc [(

or bel ow and (thergliassaddansid LAt erPeh Aisly € st atur-edimyodyatsofecy,
the pasty thernpsetting resin conposition mnus 20) [C] or above.

15(10) The, methedoof ngaprbacsdiri ng i seebcopduss PingdeM ¢R 1S rmed at said
described in (1), wherein |linear coefficient of expansion of a

cured preduatinef rbhe pastikehhesposetiing L85id LIPS tion Af ten dkhe
curing process, over the range from 25C or above, up to the gl ass

transition 20 t@yperaé Un€:Kd@)o P mdel Wt rSine RPWeGi®bnbatest, 4aRd-80;s
ppm C or snaller. (11) The method of manufacturing a
sem conduRl=x-i@Rv G@ ag)described in (1),
wherein said step of cocoling is performed at said cooling rate
between 60 [°C/hour] or above, and 120 [°C/hour] or below, in the
temperature range lower than (Tc-90} [°C].
{b) The method of manufacturing a semiconductcr device as
15 described in (1),
wherein linear coefficient of expansion (al) of the substrate
in the thickness-wise direction thereof, in the range from 25°C or
above, up to glass transition temperature (Tg) or below, is 20 ppm/°C
or smaller.
20 (6) The method ¢f manufacturing a semiconductor device as
described in (1),
wherein linear coefficient of expansion (xl) of the substrate
in the thickness-wise direction thereof, in the range from 25°C or
above, up to glass transition temperature (Tg) or below, is 5 ppm/°C
25 or larger.
(7) The method of manufacturing a semiconductor device as

described in (1),



wherein, in the cooling process, the cooling rate is 25 25[C hour] or
bel ow. (12) The nethod of manufagturing a sem conductor device
as described in (1), 6 using the substrate having a first

el ectro-conductive portion, and the sem conductor chip having a
second el ectro-conductive portion, in the bonding process, the

substrate and hH@ré@HiEHQd$§é§% O Y R e et edbkl ¥ Fbandgdeg WikdBuct
being covered with the pasty thernosetting resin conposition, so as

to connegfr ﬁrt@FBlswttreé&{asr&tcl@l@dy@é1ry%oﬁlg;bfsaeﬂoar@¢tté1e%§s)%%qng process

el ectro-conductive portion witha sold

met hod of; smgputagl-UkiAg-a:58M sONduUst Ok dgyi ce as 10described in
(12), wherein at | east either one of the first

el ectro- conductgye Pt thamand %ﬁﬁ%%@ﬂh%cbr Q2RQBIHALEYEr PRLEI QD as
i s conposed of sol der bunps. he net hod of

manufact yekpg:gegerhcongduct or device as 15 descrlbed in (1),
wherein the pasty thernpsetting resin conposition contains a

thernosetting [esi-Biandha §1as actdyatd NG ageerature of(A5:ufB8 product
met hod of manufacturing a Sem conductor device as described in (14),

20wher ei oM ﬁa%tg}ftm%n&g&rtwﬁéém oaPbR kS 0% A Meh gty A B Suess
and 70% by wei ght or less of thé whole portion of the pasty

thermoset ;i Bg Fe§i-N2680B08hE I PH0°C or beld$) The nethod of _
manuf acturing a sem conductor device as described in (14), 25wherein

content of the bl uxractismald NG RGRML A% At Y0% WehIPbnAh-PBE e ®ék as
50% by wei ght or | ess of the whole portion of the pasty thernosetting

resify coppashtben. in (8),

wherein, in the cooling process, said step of ccoling is
performed at said cooling rate between Tc [°C] or below and (the glass
transition temperature of a cured product of the pasty thermosetting
resin composition minus 20) [°C] cor above.
15 (10) The method cf manufacturing a semiconductor device as
described in (1),
wherein linear coefficient of expansion of a cured product of
the pasty thermosetting resin composition after the curing process,
over the range from 25°C or above, up to the glass transition
20 temperature (Tg) or below, is 5 ppm/°C or larger, and 60 ppm/°C or
smaller.
(11) The method of manufacturing a semiconductor device as
described in (1),
wherein, in the cocling process, the cooling rate is 25
25 [°C/hour] or below.
(12) The method of manufacturing a semiconductor device as

described in (1),



7 (17) The nethod of manufacturing a sem conductor device as
described in (14), wherein the flux activating agent has a
carboxyl group and a phenolic hydroxyl group in the nolecule thereof.
5(18) A sem conductor device obtained by the nethod of manufacturing
a sem conductor device described in any one of (1) to (17). [0008]

According to theipuesedtubBy.ent Loy itRes %fﬁ@é%&@@&—@om&%éﬁo%mm
manuf acturing a seni conduct or devi ce, capabl e of protecting the

bunps, ang,of:ral semitehecttBg ERAELSEM £ dé'%@éor?rﬁ"@léb‘cﬂcﬁ%dﬁ%tlve
war page. BRI EF DESCRI PTI ON OF THE DRAW 15The above and ot her

obj ects, Jgatiyes and advantages of the present invention will be
nor e apparent fromthe follow ng description of certain preferred

enmbodi nents takentia Beﬂhyﬂgt%98c¥@éh-&ﬂ§sﬁﬁ%QﬂE%Q¥b%@ QE@“%Qﬂ§conductor
FIG 1 is a sectional view illustrating an exenplary nethod of

manuf gct Wijing -3Sefkcendust oy Q@Mﬁéé while befd cé%éf%diﬁﬁ%ﬁ'ﬂ%%abasty
view illustrating an exenplary nmethod of manufacturing a

sem conduglQh,Ae¥hG8y resin cofibGsiBibs, &§e8d analon LW idHstinaki ng
an exenpl ary method of nanufacturing a sem conductor device. 25FI G 4

I's a sectdindlriBWahkbhysk gﬁﬂﬂ%naéh&%ﬁ%@édhd“@ié‘@@'r&%é%&&?ﬁé%b?@mn

a sem conduct or devi ce. Is a sectional view illustrati ng an
exenpl ar y,i¥8t Bod s 1der.

{13) The method of manufacturing a semiconductor device as

10 described in (12),

wherein at least either one of the first electro-conductive
portion and the second electro-conductive portion is composed of
solder bumps.

{14) The method of manufacturing a semiconductor device as

15 described in (1),

wherein the pasty thermosetting resin compesition contains a
thermosetting resin and a flux activating agent.

(15) The method of manufacturing a semiconductor device as
described in (14),

20 wherein content of the thermosetting resin is 5% by weight or
more, and 70% by weight or less of the whole portion of the pasty
thermosetting resin compesition.

(16) The method of manufacturing a semiconductor device as
described in (14),

25 wherein content of the flux activating agent is 0.1% by weight

or more, and 50% by weight or less of the whole portion of the pasty

thermosetting resin compositiocn.



8 of manufacturing a sem conductor device. BEST MODES FOR CARRYI NG
OUT THE | NVENTI ON [0010] 5The nethod of Jranufacturing a sem conduct or
device of the present invention will be detail ed bel ow The

met hod of manufacturing a sem conductor device of the present
invention has a coating process in which a pasty thernosetting resin

conposi tion haviiRg arfh Ufe@edd Vo £ Ynd i GRALE r@N 8k ch€@8hagktBer ddPice as
one of a substrate and a sem conductor chip; a bonding process in

whi ch t hgjeshsty-at @ nandat he sem conductor chip are electrically
bonded while placing the pasty thernpbsetting resin conposition in

between; a curiag RLACERS #TuhahJhe Rasb¥nthes 505G 1€3Bup and a
conposition is cured under heating; and a cooling process, succeedi ng

15 to thee#ding @?@%%%?i HRoMBi eh €Rol hagdgr Parfordmd at a cooling
rate of 10 [C/ hour] or above, and 50 [ C/ hour] or bel ow (note that

[ & hoygr] may OQQQﬁiQﬂ?ééd&éﬁh&ggﬁf§§ﬁgﬁﬁ§zk@k@hheﬁ[ggl%he method of
FIGs. 1 to 5 are draw ngs schematically illustrating a nmethod 20 of

manuf act Wi-RG -2 38 hEORAUGTH: Ul HRMCE abvihe Pr&senied nveRhMhe HIe (1) to
met hod of manufacturing a sem conductor device of the preséent

i nventionwsl | be explained bel ow. First, as illustrated in
FIG 1, a substrate 1 (circuit substrate) is prepared. The substrate
1 has an iphepgonnect pattern 25 11 fornmed on one surface thereof (on
the top side in FIG 1), and el ectrode pad portions 12 are arranged.

On the other surface;qh thersubstiate ;hanibhe HotLtomsshdey] fedlGrethod

1), an electro-conductive 9 material layer 13 is provided so as to

al | oygt heyeiB nf,@aPRELPRGOf LIS ded A Revh Ak er - pEasesS e F9812kting the

bumps, and of also preotecting the semiconductor chip by reducing

warpage.

BRIEF DESCRIPTION OF THE DRAWINGS
15 The above and other objects, features and advantages of the
present invention will ke more apparent from the following
description of certain preferred embodiments taken in conjunction
with the accompanying drawings.
FIG. 1 is a sectional view illustrating an exemplary method
20  o©f manufacturing a semiconductor device.
FIG. 2 is a sectional view illustrating an exemplary method
of manufacturing a semiconductor device.
FIG. 3 is a sectional view illustrating an exemplary method
of manufacturing a semiconductor device.
25 FIG. 4 is a sectional view illustrating an exemplary method
of manufacturing a semiconductor device.

FIG. 5 is a sectional view illustrating an exemplary method



VWhile the coefficient of thermal expansion of the substrate 5 1 in
the thickness-wise direction, in the range from 25C or above, up to
the glass transition tenperature (Tg) or below, is not specifically
limted, it is preferably 20 ppmi C or snaller, and particularly
preferably 5 to 18 ppmf C (expression of nunerical range using "to",
her ei naf g mahs rdeturedqt 8 baelsdeabdeorinpericand [ower 10 limt

val ues, unless otherw se specifically noted). By adjusting the
coefficient in this range, stress possibly produced due to difference
in the linear coefficients of expansion between the chip and the
subst r at errEy MDBESUPPRESARAY IROdo her @by ey M@aipage may nore
effectively be suppressed. 15[0013] Possi bl e net hods for

obt ai ni ng (sugchjsubstrate 1 nmay be exenplified by a method of mxing a
| arge anobunt of inorganic filler into a resin conposition which

conposes the sghsthatBod, o8 ABHRLLOfr Usd NY Sl BdRlcAURA @ bar 88e
el astic nodul us for conposing the 20 substrate 1, and so forth.

[0014] (Geatkkns PhoessshnNextl Bepastyitderposaiting resin
conposition 21 having a flux activity is coated, so as to cover the

el ectrode pad pget m@@%é%@%%ﬁ&&@% r@t&rﬁic{dﬂc@ct%r He@icd) of the

Wi |l e net hods of coating are not specifically limted, a syringe 2

maybe usedeasniclitsdl@tetnhd st &G tidPprocess W xbl@lé“fﬁ@%ﬁs@ +tROBhLEStting
of the pasty thernosetting resin conposition 21 having a fl ux

act i vity re$ iR0todResd d 1 Srahbyihym tredx aétmyt}b@sg@@gt@@%g@t el either
| east the el ectrode pad portions 12 (sites of bonding) are covered

typic@l | ynas oiel bughpatedebNadd G bmcH@i R nliber BD8BhLIAY pBSESss in
conposi tion 21 having a flux activity may be exenplified by a resin

conposi t iypn gorhai BLRGtdat BesABSELd | i esiduand: Q:l'flpwéx%me'l\é@t'rﬁ%aliy
agent. [0015] As the thernosetting resin, any of publicly-known

t her mosetfonagdr @ping, psHehn Stﬁ@‘ﬁﬁgﬁglﬂﬁgydbsé%tQ$@n§E%15e§bﬂpo§1tlon in
bi smal ei m de resin, an urethane resin, a polybutadi'ene resin, a

5'|'Coneb%%&b@n,aaDB@Bthr§§b8es§nlﬁrﬁﬁhéﬁsﬁﬂb(F%éﬂ¥E%Hé%%dﬁ%%@lmgaQe31n
unsat urated polyester reSin, an alkyd resin and so forth, nay be
adopt abl @ompld@ i€ROXYi d B8LBAIhdEY BeRf SAET @Bl cSbNERy® cess, succeeding
15 tc the curing process, in which cooling is performed at a cooling
rate of 10 [°C/hour] or above, and 50 [°C/hour] or below (note that
[°C/hour] may occasionally be expressed as [°C/h]).
[0011]
FIGs. 1 to 5 are drawings schematically iillustrating a method
20 of manufacturing a semiconductor device of the present invention.
The method of manufacturing a semiconductor device of the
present invention will be explained below.
First, as illustrated in FIG. 1, a substrate 1 {(circuit
substrate) is prepared. The substrate 1 has an interconnect pattern
25 11 formed on one surface thereof (on the top side in FIG. 1), and

electrode pad portions 12 are arranged. On the other surface of the

substrate 1 (on the bottom side in FIG. 1), an electro-conductive



15 thernosetting resin herein is used for the purpose of

encapsul ating the sem conductor chip, thpse containing |ess anount of
inpurities, in particular ionic inpurities, are preferable. [0016]

Speci fic exanpl es of the epoxy resin include bisphenol-type 20 epoxy
resins such as a bisphenol A-type epoxy resin, a bisphenol F-type

epoxy I egizRerdali $RHEROL3ADs tyRey ERAXYd @ Ro 8Ndca BhePBEROFoEnd P8 of
epoxy resin; novol ac-type epoxy resins such as a phenol novol ac-type
epoxy reglifcudhd anCER8OlaneMObAG-dyPe epoxy resin; aromatic glycidyl

am ne-type epoxy resins such as a N,N-diglycidyl aniline, a 25

N, N-di gl ygbdybjtol ui dine, a diam no di phenyl net hane-type

gl yci dyl am ne, and an am nophenol -type glycidyl am ne; a

hydroqui none-t ype18PeKY EESHR] c PPN I i-HHRR 1ERIEYnEESHNS FSHRA &Spsidate
a bi phenyl aral kyl -type epoxy resin; a stilbene-type epoxy resin; a

tri phenohmeh hane-tyiR& rRRAXY, ieSNredt L &h PNENRLPLORGBCr MRS 5EROXY above,
resin; an alkyl-nodified triphenol methane-type epoxy resin; a

triazi neygore- ¢ant ai AR ERAXYL 1881 fombe GV OpeNt adi epe-pdijki gdiS
phenolic epoxy resin; a naphthol -type epoxy resin; naphthal ene-type
epoxy re%g@'ci@ieagmgl @Eﬁ%‘t{%&;ti’@ei@p&‘é’fé%l@s Mg & pheaybener, and

and/ or a Dbi phenyl ene skel eton; epoxy resins such as aral kyl -type

epoxy re%%@%i%ﬁ@ﬁr@%é%é?&ﬁ%ﬂﬂ)5%kﬂi§¥%m@YQek%@%%%§fﬁﬂBf@ﬁﬁkﬁgdélrange
phenyl ene and/ or a Dbiphenyl ené skel eton; a vinyl cycl ohexene di oxi de;

10 a di cyglkopentgdi ene, oxide;e al iiRhakir neROXY 1651 % YN BPer and lower
alicyclic epoxys such as an alicyclic diepoxy-adipate; and

brom me- aQRtigi RLAY-8POXY1LEST BBne 1PDIL ] WML & contentsQfq)thegy adiusting
thernmpsetting resin (epoxy resin) is not 15 specifically I|n1¥ed, it

may pr ef %%%blc)Seg??ié?_EQt7Q% by; wel gt and-par ti e anly Hehetablinello

to 50% by weight, of the whole portion of the pasty t'hernosetting

resin coppeselibobe?ily By adhusti Ao fhe- LONM LRl LREOLENSN NGRS the chip
described in the above, the pasty thernpbsetting resin conposition 21

will be %ﬁ@etﬂlg%b%[%&tg?t%% b e g@bﬂ)f‘eé@@tﬁ,n%lndaﬂqefg&p%wecﬁérp?%e may mere

characteristics including ass transition tenperatture, el ast

g
modul us, and $9Eeut e EQ§%§$ssed. The flux activating agent
refers to as a substance ich exhibits an action of reducing oxide

filmen nepghasurface, to thereby 25 expose the metal surface (flux
action). The flux activating agent nay be exenplified by

phenol i c Comogg‘é%ib%i HePhods! fonbydl{ L6 & URWNADH s ABRE 1 may be

conmpounds, am
exemplified by a method of mixing a large amcunt of incrganic filler

into a resin composition which composes the substrate 1, a method
of using a material having a large elastic modulus for composing the
20 substrate 1, and so forth.
[0C14]
(Coating Process)
Next, a pasty thermesetting resin composition 21 having a flux
activity is coated, g0 as to cover the electrode pad portions 12 on
25 the substrate 1 (FIG. 2, FIG. 3). While methods of coating are not
specifically limited, a syringe 2 may be used as illustrated in FIG.

2.



12 conpounds, i m dazoles, and activated rosin. The phenolic
conpounds may be exenplified by tetraneEByI bi sphenol A, catechol,
resorci ne, hydroqui none, xylenol, bisphéenol A, bisphenol F, bisphenol
AP, bi sphenol S, bisphenol Z, dinethyl 5 bisphenol A dinethyl

bi sphenol F, tetranethyl bisphenol A, tetranethyl bisphenol F,

bi phenol , tetr gegthykLnBi.phens! @:oQ{M&WQfYQE@g{y st& R8lermosetting resin
di hydr oxybenzophenone, o-hydroxyphenol, m hydroxyphenol,

p- hydr oxyeheral  1Bal ¥Pheed 5y U 1@s 8- Phepg! 1 VR a6l R-a0Y Bllnited,
ort hocresol "novolac resin, trisphenols such”as 10 a tri hydroxy

phenyl methage, andophenehsrhay iartgléaE@W@h@&‘éré&é'fp%@ﬁorw@&%2 (sites

The acid or acid anhydride conpounds may be exenplified by formc

aci d, aceld ¢caelidq) PLORI BBLEraG] fyp Pl ¥1{ Ca aci Oy MBI BRI L 18CIEtG. 15
caproic acid, enanthic acid, caprylic acid, pelargonic acid, capric

acid,slauric agigd, ;AKELSEhE AGLSy + PRY Mdd 6 aGltho IBIRT I8 8Ghdng a flux

stearic acid, olei¢ acid, linoleic acid, linolenic acid, arachidonic

aci d, dogesahexaengicrackdengi E052PONY a&gﬁé%h@%cﬁnpo@&ad%% %%inq’aiﬁaifligca

mal oni ¢ acid, sdccinic acid, benzolc aci thali'c acid, isopht

20 acid, th%&%@teta;%ghg agkdn 3%!%%}&%%9@1&@ Gfd, nellitic

acid, cinnamc aci pyruvic acid, Tactic acid, malic acid, citric

acid, fumaphgsqcid, maleic acid, aconitic acid, glutaric acid, adipic
acid, pinelic acid, suberic acid, azelaic acid, sebacic acid, am no

acid, nitrocar agxxhgctggi’;ﬂosé@c hc g, hf%% {lﬁefpﬁ}%@% J“ﬁ‘%;“éhde,

trimellitic 25 anhydri pyronelfitic an elc a

b h arb ] h i 1 .
enzop e%ﬁ%%mg%rt%%g Qﬁ%hg,agucmragean ﬁ%;%%eel&rw%! §Yapate resin, a

bistrinellitate, het "an ride, tetrabro c anhy e,

tetrahyd LG el nhydr i d I a i .
anhydr iydg;t%%tgtri %ﬁngﬁgdi%gggﬁﬁyé}h gﬁ?gﬁ%%hﬁfﬁ%h%g{@%ﬁﬁn& resin, &
met hyl hex p i Ri . do ucchhi,c ydr-i de .

ol yadi pa ARNr T dee bl yATel Al EERAgdrT d6 poryeBbaat & Anhydy Fagin o
pol y(et hﬁks@tﬁ%ﬁ%@ac g?gbg{:g}af_]@g ,'dgmnea]h]ﬁ%iresin ahnd o, forth, ﬂ?}}/l be

pol y(phenyl hexadecan I ) anhydri de, t m ¢ anhydride, tria
b SerRpAAsh i Bt e, oot e Wb el e sacbaic
0 s 273 A RCSE IO Lo PR T, 05 SHGPLl 1o REOLILE AL ESuating
3. iy ox BT or LG G e eI G Ay ST B i ABPR Eies:
acid, 3, 9;difaydroxy»2- PBRNLNOLS.AFL fes 3. 1rdi WOEOXY513: napht hoi ¢
[0016]
Specific examples of the epoxy resin include bisphenol-type
20 epoxy resins such as a bisphenol A-type epoxy resin, a bisphenol F-type
epoxy resin, a bisphenol AD-type epoxy resin, and a bisphenol E-type
epoxy resin; novolac-type epoxy resins such as a phenol novolac-type
epoxy resin, and a cresol novolac-type epoxy resin; aromatic glycidyl
amine-type epoxy resins such as a N,N-diglycidyl aniline, a
25 N,N-diglycidyl toluidine, a diamino diphenylmethane-type
glycidylamine, and an aminophencl-type glycidylamine; a

hydroquinone-type epoxy resin; biphenyl-type epoxy resins such as



15 acid, phenol pht hal ein, and di phenolic acid. [0021] The
am ne conpounds may be exenplified by efhyl enedi am ne,

1, 3-di am nopr opane, 1, 4-di am nobutane, diethyl enetriam ne,
triethyl enetetram ne, tetraethyl enepentam ne, 20

pent aet hyl enehexam ne, di propyl endi am ne, di et hyl am nopropyl am ne,

tri(nEth%]%@bﬂ@%?@é@Q@kyﬂl@fﬁgﬁkﬂﬁhﬁQ%%QHy|énéfﬁﬂbene—type epoxy resin; a

di et hyl am nopr opyl am ne, nethyli'm nobi s(propyl am ne),

hexamet hxlr%%@b@mne@haﬁbaekﬁgdéd@mpyfé@&hﬁrae,trqlp%@!n@qdpebﬁaﬁésg%@n@poxy
25 isophoronedi ani ne, nenthenedi am ne, isophoronedi am ne,

bi s(4- amAiaQ-3-;mahhyhdi,eyebahexyd) set 1ol & odi eXClOREXY lresin; a

met hane, N-am noet hyl pi peradine, 1

3y9‘b!5(%I%@E@ﬂ@ngfélbgnéa§nﬂQgQﬁkﬁ§p§@§95“Qi@i H@gﬁgﬁegdiene—modified
2, 5- di net hyl hexanet hyl enedi am ne, tri net hyl hexanet hyl enedi am ne,

| M nobi S(RERY 2N As)y 3 bhexHBRINBHB) IR DSy PoiENedbAMh Afene-type
net a- phenyl enedi am ne, di am nodi et hyl phenyl nethane, and 5

p0|yethe%%h%@i@@sih?ogZihenolargiﬁyfuﬂﬁk%z%&QQQUQ@%i%%yggvﬁﬁgg?|ﬁﬁéﬁ§hene

by di cyanedi am de, and pol yam de resin synthesized by di mer
l'i nol eni ¢,aGid %”Qi?h@}ﬂ&@@ﬁg' §Hé£‘@tor3},0Té}§‘o>k Ao LYY R€ aralkyl-type

exenplified by 2-nethylimdazole, 2-ethyl-4-nethylimdazole,

2- undecyld 2: t adecyl i4m ol ~ NSV Qi E QX
et hyl | me'é)a@?gla E’,%%?Shéﬁﬂqa ?ngdﬁz%%ﬁg}@g%letaﬁ’yﬁllg{r%ﬂ dgczyolee,%pgﬁg B¥diaving a

2-ethyl - 4Bl hehin dazol 6.1 188 comPOUNAS, MBYPE, PISEFL e QMY d BSx Ade ;

flux activating agent, and those crosslinkable wth epoxy resin may

be used al i ‘. 3a:0 i ; fluxa 4 .
56 %a%gﬁ%@p@y{w&@@%@&ﬁe,l%%%é(w% Igtets;,% dihe, s gjyl%ﬁllc

activating ag is not specifica I'mted, I's preferab

to 50% blép‘@?c'hzghémcﬁ%% LA PRfd)oul @B dobey49%6 DY ¥ei g 1B hBE-¥AOL 81 1ng

portion o e pasty thernosetting resin conposition 21. By adjusting
the contepf,.in Lheabove-described ranges, the flux activating agent
can exhibit an excellent flux activity. In particular for the case
where the hhyx¥125 activating agent is used also as a curing agent,
the pasty thernpsetting resin conposition 21 can be ensured with

excel | ent ther gl 1ando ABSHANY €2k ChAL AR AL SEIF S SHEN (8508 88%in) is not

transition
15 specifically limited, it may preferably be 5 to 70% by weight, and

particularly preferably 10 to 50% by weight, of the whole portion
of the pasty thermosetting resin composition 21. By adjusting the
content into the ranges described in the above, the pasty
thermosetting resin composition 21 will be excellent particularly
20 in thermal and mechanical characteristics including glass transition
temperature, elastic modulus, and so forth.
[0018]
The flux activating agent refers to as a substance which
exhibits an action of reducing oxide film on metal surface, to thereby
25 expose the metal surface (flux action).
The flux activating agent may be exemplified by phenolic

cempounds, acid or acid anhydride compounds, amine compounds, amide



15 tenperature and el astic nodulus, and also with an excellent curing
property. [0024] Among these flux activating agent, those conmpounds
having redox 5 activity, contributive to curing reaction with

t hernosetting resin such as epoxy resin, and can be incorporated into
the cross-linkage structure (curing agent having a flux activity) are

pref er abl@nMitudt hese 4aoBRaYNdsngChea g9 rJd 4x 1 s no | onger
necessary, and thereby the pasty thernpsetting resin conposition 21

nmay be IWDVOVGQ%EH EQ%och'QBQpéﬁﬁ&brﬁéya@%|é§éhpllf1ed'Eﬂet%%&%&%thyl
agent having a flux activity naybe exenplified by phenoli’c conmpounds,

aci d anhydrdfigs,o1i 8 dazol 85,1 and scemRaunds, having, Hot h .9f) aAhendlhtenc
hydroxyl group and a carboxyl’ group. [0025¥ 15The pasty 't herndsetti ng

resin conpoyitdPRndl @aVbQQpﬁe%yXA?Ctbi’éﬁ r‘i‘@h’ §0’1§13é;ﬂ1b It NV &imethyl
such as a curing agent, a filler and a coup i ng agent esi des the

abovesdesgrdhesLiher naaﬁuchg}g E?%bﬂeﬁé‘ﬁ ﬁhetéﬂfa&n@@;wlvqi %le%qnh

The filler may be exenplified by inorganic fillers which i ncl ude

silicat es sychashakssphahsh npd Ehﬁﬂen?’fcaé&%@ﬂ Y:nd IR

gl ass; oxides such as trtani um oxide um na, and si po ers

such as fdi%ﬁ%x%éy‘p%n@ﬁ“é%ﬂe%?h8£h§?£o§§zﬂ>ér?£’%pﬁé’r§c‘%ge Cré‘%o%éa)rph%%bl

synthetic sr'lica“and Crystalline silica onat es 'such “as calci um

car bonat rb n t c

25 al um g dee 8@2?5%%@ e e S s g 2rehol
sul fates nqui%lé '1:5§§n5é1‘ﬁi1 a"i"ls é‘ﬁbeﬁéééf frﬁ}v%la%ak‘gb':ﬂﬂ] SHJ‘ k‘f‘erﬁﬂ% such as

1
calciumsulfite; borates suc as zinc %orate bari um net rate,

al ug}@um b%rﬂth%vdrgﬁlycgor Og%é{:ﬁa od élg&“séﬁﬁ'%r?&fét}‘f‘avﬁgjj d Arjarghcﬂ%%l%‘ﬁ%h

um num ni tri netri e an con nitri 0 organic
flllers M. 1Re gdopt abl e. Among these, fused silica, crystalline
silica and synthetlc silica are preferable, in view of their 5
possi bi i tfipgs ogf inproving reliabilities such as heat resistance,
noi sture reS|stance and strength of I|qU|d encapsul ation resin

conposi tion. Wi l.e geamplr¥-04 LAR Jﬂ:l% o c%rom t eg‘(%%} e al gfllfled by

limted, spherical geonetry iIs pre era vi‘ewpoi nt

viscosityand £Lyj §i zation ﬂ%,aﬁESbiéﬁiS%'c1ﬁg[Mlc acid, valeric acid,

15 caproic acid, enanthic acid, caprylic acid, pelargonic acid, capric
acid, lauric acid, myristic acid, palmitic acid, margaric acid,
stearic acid, oleic acid, linoleic acid, linolenic acid, arachidonic
acid, docosahexaenoic acid, eicosapentaenoic acid, oxalic acid,
malonic acid, succinic acid, benzoic acid, phthalic acid, isophthalic

20 acid, terephthalic acid, salicylic acid, gallic acid, mellitic acid,
cinnamic acid, pyruvic acid, lactic acid, malic acid, citric acid,
fumaric acid, maleic acid, aconitic acid, glutaric acid, adipic acid,
pimelic acid, suberic acid, azelaic acid, sebacic acid, amino acid,
nitrecarboxylic acid, abietic acid, phthalic anhydride, trimellitic

25 anhydride, pyromellitic anhydride, maleic anhydride, benzophenocne
tetracarboxylic anhydride, ethylene glycol bistrimellitate, het

anhydride, tetrabromophthalic anhydride, tetrahydrophthalic



While content of the filler is not specifically limted, it is
preferably 20 to 90% by wei ght, and in ?artlcular 30 to 85% by

wei ght, of the whole portion of the pasty thernosetting resin
conposition 21. The content smaller than the above-described | ower 15
limt value may reduce an effect of inproving reliabilities such as

|0“Br'nga%%%d%@%Ef'ﬁb%ﬂyloﬁekkﬁﬁfﬁréﬁﬁ%%ﬁdfﬁléHth%%ﬂé NGhMRER! nadic
absor ption, ‘whereas the'content farger than the “above-'described upper

limt Va%%%y@%&dbnc5%%%8y&kéﬁﬁ§h&¥1@faﬁ Lhes msettiing 88 Rirophthalic
conposi tion,” and may consequent|y degrade the work efficiency and 20

bump bondingqpettor aReey1[ 90241 nic anth@%&&%ﬂﬂﬂdl BYERL TRY, B8 de,

exenplified by vinyl trichlorosilane, vihyl trlnethoxy5|lane Vi nyl

triethox I , n me )
(S S S st R T eE e Blteae, ooty et

y- acrylo%ﬁggggﬁ H@HB%ECQEH@&BQ%&@"@@?Y ﬂh@§¥hoxy5|lé%ﬁélelc)anhydrlde,

tri met hoxysi | ane, y-acryl oxypropyf nethy ane

y- acry|Oﬁ%E%QE%EmlE'§BH9&¥§aéanﬁrlaﬂQ_yiﬂﬁﬁﬁﬁﬁi o%&%ﬁ%@@%'ﬁﬁh?&klde, and

di met hoxysi | ane, y-nethacryl oxypropyl™ trinmet ysi | ane,

Y- et hacku PRI LAY dielboxypl | angynyspridiacryl oxypr opy

tri et hoxysil ane, "y-gl yci doxypropyl trinethoxysil ane
y- gl yci doxyppgpy! trinethoxysilane, 5 y-glycidoxypropylmethyl
di et hoxysi | ane, y-glyci doxypropyl triethoxysilane, p-styryl

trimethoxysilangsy compounds havin both enclic hydroxyl group and
N- ( P-am noet hyl -y- anlngpropy | met ?)dlnet oxyéﬂﬁane Y YL group

N'(pl@”‘%o%%h$5x¥la Ba rﬂQ% %&ré PQ%M@" ecific, examg%eﬁ include

( p- ami noet hyl -y- a nopropyl )trief oxyS|lan y-am nopr

tr'ethOX&SBL@R%ngBQg% ESQM' ¥1 @M ROPL DYl d{éi{?ﬁ%}%ﬁxﬁkﬁﬁﬂﬁ These

conpounds may use epen entiy or I'n a form of

m xture. zA@Qaqhw%a pegkggaéggntz @%ﬂﬁ%&as%%] &lyoO%éL ane

coupl i ng ‘agents-are era the selecti e fIUi 'ty and

adhesi veness 47a) dQ%XPgEBgéﬁg.Ca?$0q$5ﬂllc 1d\NT Qedg ra%%ygg &Q?hthoxc

coupl i ng agent S no i'S pre

20% by weiglt | 20dqif,RRELLCHLALLR: Bt 0 alé%bys VeI 0f e heleos o

t
portion of e pasty Settin g resin conposition “21. tent

smal § gr %Qﬁ%.t?%5ﬁ3?§ﬁ1ﬂ3§m%hbegn§0 L OMEfo] 1 f-Mpl ue may degrade the

adhesi veness 0 er eas t e content exceedlng t he
above- desqbgggq upper Ilnlt val ue may increase formation of
vol atil e-inducéd voids. [0029]

The amine compounds may be exemplified by ethylenediamine,
1,3~diaminocpropane, 1,4-diamincbutane, diethylenetriamine,
triethylenetetramine, tetraethylenepentamine,

20 pentaethylenehexamine, dipropylendiamine,
diethylaminopropylamine, tri{methylamino)hexane,
dimethylaminopropylamine, diethylaminopropylamine,
methyliminobis (propylamine), hexamethylenediamine,
diaminodiphenylmethane, diaminodiphenylsulfone,

25 iscophoronediamine, menthenediamine, isophcronediamine,
pis(4-amino-3-methyldicyclohexyl)methane, diaminodicyclohexyl

methane, N-aminoethylpiperadine,



(Bondi ng Process) 25Next, a sem conductor chip 3 is nounted on the
substrate 1 using a flip-chip bonder 32.,,In this process, the

sem conductor chip 3 is nounted while aﬂigning sol der bunps 31 (first
el ectro-conductive 18 portion) thereof with the el ectrode pad
portions 12 (second el ectro-conductive portion) of the substrate 1 so

as to brm@iﬂl%mg%mn%%??& ) (Bl &, 8419 £8: FAC PEOLESES O ) JRISUIRY,

the sol der bunps 31 are ne and el ectrically bonded to t he

el ectrode pad; RRIHHANSe Parled: h éHéHﬁéMi&¥5£flﬁ@EﬁfP%%&%h@%h?@éh@diamine,
conposition 21 heréin has a flux activity, the sol der-assis

bondi ng | V i o s
R d;@*gﬁ{;‘%%e‘%‘f }(yg'laﬁlh@pm bOg L OL AR D0 e nS YUY 868 a0hmine,

in thi's process of

bondi ng, z&éﬁéiﬁﬂ@%@&%h%diaﬁﬂﬁeth@1§ﬁﬂh8§ﬂ@€§% h VP et@fhe, and
electrically bonded, so that fhe solder 1 and the el ectrode

pad pertionsckaAaie hended by solder, while belng covered with the
pasty thernosetting resin conp05|t|on 21. [0030] Wi | e

condi tiongpehyhondi ng are not specifically limted, it my be
preferable to set tenperature of the flip-chip bonder 32 higher 15 by

10C to 100C th%et Qﬁl@@lédn&%mgﬁlaw.bé %%e?a%llq_% e'a%?rdl%ya‘ﬁ%%‘iafm%e and

the solder bunps 31, and to heat the sol der bunps 31 f lto
seconds. adlgémﬁe%%%%ssymﬁeag%angylalﬂgf prﬂﬁéf&llyc %Tn:fl%pta%Qi
only fromthe sem conductor chip 3 his way of heati ng,

thermal singssRNerwhge possibly be applled to the substrate may 20
be reduced, "war page of the sem conductor device otherMAse possi bly

occuig due to %ff%g%%guestﬁs | boeagte ﬂfi&‘ii%&} %@%@ﬁha%rkoie,

bet ween the substrate and the c ip nay reduc

vol atil e —’é‘%@ﬁﬂdcﬂ%‘e@%ﬁ%wg%@h@ Lo &H&edﬁpﬁﬂ@éfof@ be suppressed.

In this enbodiment, thé first electro-condlctive portion and 25 the

second elRelro-condyGlive,poLt i o0, are, noy & i hed- 0 Ll Bolaelch

31 and the el ectrode pad portions 12 r espect t° may

good eno l&ﬂﬂl I ebt en t he sol der bunps, 19
or aIter%%?ﬁvelﬁlﬂéﬁg%gg%ﬁ %aggﬁ g?gégﬁ?éﬁﬁe i% der bunps. [0031]

(Quring FrQGes8) 4-methylimidazole.

15 These compounds may be used not cnly as a flux activating agent,
and those crosslinkable with epoxy resin may be used also as a curing
agent.

[C023]
While content of the flux activating agent is not specifically

20  limited, it is preferably 0.1 to 50% by weighif, and in particular
1 to 40% by welght, of tThe whole portion of the pasty thermosetting
resin composition 21. By adjusting the content in the
above-described ranges, the flux activating agent can exhibit an
excellent flux activity. In particular for the case where the flux

25 activating agent is used also as a curing agent, the pasty
thermosetting resin composition 21 can be ensured with excellent

thermal and mechanical characteristics such as glass Transition



The pasty thernosetting resin conmposition 21 is then heated 5 and
cured. In this way, a gap between the solder bunps 31 and the

el ectrode pad portions 12 maybe filled up, and thereby reliability of
bondi ng may be i nproved. Wile a neans of heating and curing of the
pasty thernosetting resin conposition 21 is not specifically limted,
an oven mayLYyR6aL! ¥nheusad.- 1RWile, CQHQ'&léE“%fﬂh Q%aékaglgéﬁgﬂgarlng
on the thernDsettlng resin to be used, and are therefore not
speC|f|c% ﬁegkglted the heating nmay preferably be conducted at 100
to 200C for 30 fo 180 mnutes, and particularly preferably at 120 to
170C for 6Qpb@)150 minutes. The tenperature of heating is set not

| ower than the glass transition 15 tenperature of a cured product of

the pasty therﬁﬁéﬁgﬁkﬂﬂﬁi§§u£a%@€98§hﬁ%%&ﬁ§ﬁ: £10032 ormpound¥Waha rdohfedox
glass transition ténperature of a cured product of the pasty

ther mpsetting;Lesi EoHQMHx&é’&ozéu%}ﬁgnﬁeéc{ié% WAt ‘ﬁhﬁa)émo%@t%ihsrresm
the curing, is not specifically limte it may preferably be

300C, an@ubﬂ Q@Q&k%ﬂl%%sﬁgc éﬁd%éggbeBXnéng§£é99dEnﬁxgkﬂéscross linkage
transition tenperature to the above-described [ower [imt value or

hi gher, the bynpe (’ERYr ’Hqgg&fl{ eclk gl ¥ eRERIAaleLted. o Q0 Ftﬂ%%e@aﬁ%. With

hand, by adjusting t ass transition tenperature to

above- de%%'sgeéorhtﬁﬂﬁ{dé | o EaMahy© Ok hower no%cidcjéreﬁee%wﬁﬁd a?ifd tfereby
pasty thernnsettlng resin conposition 21 having a flux actiVit

formed afger QQE‘ Qoddg ;3! gﬁ%&%@?roéﬁqn%i% %%%ngl?él%@ﬁo@z@dpm the

20 3, may ef ectively be prevented I ng

aver pge ﬁbﬂ%a%egﬁeEEF9589319 _expansion (al), in the range from 25C
or above upto t ass transition tenperature or 5 below, of the

cured product %etc@&r éﬂ%%%%ﬁ%té rﬂx{;@%h@i@?%‘%%&§ 'b%” e%émbﬂﬂgd by

a flux activity after t e curlng process 1s not specifically Itmted

s pr%‘h%%%@'é}é Eoﬂﬂ%gﬁ %91&105% Kyaffiebd N pardd cular ]a%dpl%%gohﬁds

40 ppm C. By adjusting t ass transition tenperature in

above- deggrl; R?%B%HQS g%@%@i?gﬁ%&%ﬁfeﬂ%g%% ¢ %trb%f Xyl group.

expansi on of the cure e pasty thernosetting re
conposi ti 9y 234 havi ng a qux activity, in the range not higher than
t he gl ass tranS|t|on tenperature, may be brought closer to the linear

coef %5(:' ent of Tﬁépggétg”tﬁﬁrﬁlg&t@{% dl( O des o (Szck%%) 21AGLRF l%gngl ¥iux

the bunps may e tiv e prevent ron115 cracking. [0034

The gl assdctt ﬁ_gﬂng &r%q@%eeet%gsteecﬂl'g@%r cﬁ??ﬁ%'&%&ﬂ% of fi11er and

expansi on of pasty thernosefting resin conpositli aving a

flux acti v'cexpl%gegg&ne, CYL L NG PTQGESS o v YR MTRRSULRd AGCOEAIAY resin

and The flux activating agent.
The filler may be exemplified by inorganic fillers which
20 include silicates such as talc, calcined clay, uncalcined clay, mica
and glass; oxides such as titanium oxide, alumina, and silica powders
such as fused silica (fused spherical silica, fused crushed silica),
synthetic silica and crystalline silica; carbonates such as calcium
carbonate, magnesium carbonate and hydrotalcite; hydroxides such as
25 aluminum hydroxide, magnesium hydroxide and calcium hydroxide;
sulfates or sulfites such as barium sulfate, calcium sulfate and

calcium sulfite; borates such as zinc borate, barium metaborate,



20 to a nethod descried bel ow The pasty thernosetting resin
conposition 21 having a flux activity igcallowed to cure at 150C for
3 hours, to thereby manufacture a 4 mx4 mx10 nm sanpl e. Next, using
a TMA device (fromSll), the glass transition tenperature, and the
average |linear 25 coefficient of expansion in the range not higher

than the ghagsubf @6‘§é1§é OR L EADRNM M€ aRHEs SR Gl Rked ey naled na:trldes such
conpressive load of 10 g, at a rate of tenperature el evation of

10C/ m n. 5 ONBhmihen haRgede2b Mo BasH &Rl 4 eMRelah e i fie oM lO0G-dohic
300C. [0035] (Cooling Process) Next, after the curing process, the

ther nosets:iing Jzeqlp BeCQABBELLI ON 'A?n&%mt%@s%t guceal ngirat ecPhsdfiline
to 50 C h. A neans of cooling adopted herein is such as succeedlngly

usi ng theisapk Qweng ?%h@@l@e@ﬂlk'é@dafé‘ Sher SHING PHPGASSs odNdheir
setting conditions of cooling in the oven. The cooling rate may be

constant Qrs Mafiablies The;oebi NG, ral e mybe el gt ad B%théééi’s@é{nce,
dividing difference 10 of tenperature, which is obtained

subt r act &r@gstt%%e&@%%@aaa&egna hgtggggpﬁ SOOI i NG PO flra(%mon resin
tenperature of atnosphere imedi ately after the curing process, by

the cool ing iR+ ofhe feimeralifs hery Qh@e%@ﬁ’lerorlse}‘légplsﬁec.lflcally
tenperature of the atnosphere in the oven. By cooling th

t her nosehtiiNg LESisPBHEQTRYS! 5&&9e§£y aj £O0kd G- & aﬁr%npfth:]eo K QuwplEhh of
(first cooling rate) as described in the above, in particular at a

const ant v&%@o's%f\{f %@ fﬁ.ﬂ?d%%é@§§n'@h$@§c%ﬂc§§:§c§f cool ing may be
noder at ed, and thereby the warpage nmay be reduced. [0036] In one

examphe ofgpbgiprocess of manufacturing a sem conductor 20 device of
rel ated art as described in Patent Docunent 2, the sem conductor

device has beewhq%abeﬁféem STyl ng oy sl ‘i‘l%rt' NYcl 8 heR LOWiRYEBa, it

and then by curing a thernosetting resin, placed between a

sen condyct d r d t C; hgtig
oty ng Sut T e esati ag “3%0%@%5@%%%%“& Hoc o RRcakal 8 Cagitl Y008 oy

the viewpai;nk, Of Jpr eﬂgcahxngyﬁowme& condyctar, devd 6&,N1as PeeResin

t aken out 1 rmmedi at el y after the curing, and exposed to room

tenper at Wegmokne 136 £ONauet abnHENE Chnd 151 4N @ HEHOF Ko AWML sCQ3kRE: 1 ower

15  limit value may reduce an effect of improving reliabilities such as
lowering the coefficient of linear expansiocn or lowering water
absorption, whereas the content larger than the above-~described upper
limit wvalue may increase viscosity of the thermosetting resin
composition, and may consequently degrade the work efficiency and

20  Dbump bonding performance.

[(0027]
The coupling agent may be exemplified by vinyl trichlorosilane,
vinyl trimethoxysilane, vinyl triethoxysilane, vinyl
tri (f-methoxyethoxy)silane, p-(3,4-epoxycyclohexyl)ethyl

25 trimethoxysilane, vy-acryloxypropylmethyl dimethexysilane,

y-acryloxypropyl trimethoxysilane, y=-acryloxypropylmethyl

diethoxysilane, y-acryloxypropyl triethoxysilane,



22 at a cooling rate of at |east 100C/ h or above. The thernosetting
resin, which is a viscoelastic product,lghen causes thernal

di stribution over the deep inner portion towards the surficial

portion, and thereby produces residual stress. In other words, the 5
constituent materials cause heat shrinkage due to abrupt cooling, and
consequentlng @ -3 a8 xhi-e55 1 REPAYE s dben L0y d A e diffenence id:dReopy1

| i near coefficients of expansion of the i1ndlvidual constituent

met eri al S, 1A% (9836 Bed i, N Lher RROYSI ok er A OLRSSHPf JRAYAGLUNRG 2

sem conductor device of related art” has inevitably resulted’in 10

war page, ﬁ%ﬁ‘et%%c%%’l%&&p%ﬁkxh”EriéQ%Z%silane,_ |\ SO Ry p o lihe
process of manufacCturing a sem conductor device of the present

i nventi on,yj QQki; ARG HRI OGESS /) dopt &g, as; desord had ;i e above.
The coolﬁﬁ&’a?hg §3|%ﬁ§’r§t§ %?§%% f% %%%Jﬁ? 15 carriéﬁQ%%¥ in

successi gn 419 Jike.GUELRGIRERARESSa; FRNAPLEr e, LheTRde Bl JrhrTal

shri nkage, "and may noderate the stress ascri‘babl e to

di fferencs ;idfh he Shihnear %Qgggggge9£§mé@h§§@§9§£gg of the constituent
i ‘the p

material s. Accordingly, esent 1 nvention may ‘successful ly

der at e e, _St eSS i1 the - SA0L NGim sahy, 20 T ed
moder at e { '@ St %ga]%twl K}eTﬁégiggag?m QQI?Y%,Q?I 41 d:hariey 20 reduce

t he warpage. [003 ['1Tm ue of the cool’ing rate

(first C(ng(ing%n{i%ro%)chg/g_ggFg?&%ﬁ?ﬁ]ééf%%ﬁgf'iﬂét &1 4nd nore

preferably h or a her hand, the upper linmit value

of the cqEliggidbe thlhlSlagdnE00LL09) £ A1 EInd S, B el Rl ably A QF1
r?o C?}E: o? Be?iow. B}f/‘ya J n}'ue oo?{ ng

bel ow, and re preferably 30 usting t

R i e s G TGy

e suppresse nor e man r “han

adj ust i ngnfhe EBBEBUHdE%&Btb% LBeqabauesdesgri hed dipRet bLridedalile form

or below, the warpage nay be suppressed In a nore | nproved nanner.

[0039] SV }@y iRt Nerrfan] itﬂgagzcg@%%%%@%%at fnd i%\é%r—t\ﬁ?iegFilane

the cooling rate Is control 'y Teferred to as contr

range, h i naf i i.fi I I, mle i Oy

fange, NECRENSHLeL e ol SARCELERRLY by TLGo1LLTBY, B OTS ana
te”perat%k%é%ﬁv%%%%%aﬁ%g]B@?EHB?S%%&UQ resin conmposition 21 in the 10

curing process as e cooling is preferably perforned at the
abovesdeschigbed first cooling rate over the above-described
tenperature range. By this way of cooling, the generated stress nmay

b di sti i-vel i h I ; cifi
ontrolling. t naide LobEeHEeOs Bn kN Gart A ad ot s A Bbecitically

controlling the tenperature range, ressed in-a
fror e 'npﬁgﬁﬁQe%§ q%nqgrpr599§9$ly 0.1 to 20% by welght, and in particular

0.3 to 10% by weight, of the whole porticon of the pasty thermosetting
resin composition 21. The content smaller than the above-described
20  lower limit value may degrade the adhesiveness or fluidity, whereas
the content exceeding the above-described upper limit value may
increase formation of wvolatile-induced voids.
[0029]
{(Bonding Process)
25 Next, a semiconductor chip 3 is mounted on the substrate 1 using
a flip-chip bonder 32. In this process, the semiconductor chip 3

is mounted while aligning solder bumps 31 {first electro-conductive



The control range of the first cooling rate may nore specifically set
to 150 to 60 [C] while assum ng the cur&gg tenperature (Tc) as 150
[0], and nore preferably 150 to 80 [00] 20 The cooling is preferably
performed at the above-described first cooling rate over the
above-descri bed tenperature range. In particular, the control range

may be SPlorkQohg E:ﬁ]ar@be@hQW 200 { gLassad ransidd.an dramer gfsu.t:%naf a

cured product o e pasty thernosetting resin conposition 21, m nus

20) [00] oQiecBOV@onANE DL G2 SPELIdd Cald KubQ:daPet § ddIRSEo pring them
transition tenperature (Tg) of a cured product of the pasty

t her Moset i aacLeeh i GAROSK L Ot knelhPlSe 20)od ABln: THE, 900 EBIAES bumps

preferably performed at the above-described 24 first Ing rate

over the @boye-desctd hed Legperatuie s Ther £ON {0l [ RNIB-Got Bions

t he above-described range 1s particu excellent 1n view

suppr £ssi;pg tBfnéf‘@rﬁ?&%arslggpﬁﬁhrﬁgggtgg%i PGs { A& sic?:fdiotnhéll_ herein has

above- descri bed control ge may ned as a second cooling

rate. Wil e zond. .copl in . : ve- i .
ool P ILRe SREINEy COPRL NG L0401 Hod MO RPME I8P HhlhBld white

Tc-90 Is i |y It j i f tq,6
o 1200 horhid Sar T orl &t y 18 Brer Sraily A4S 50 FoCI000R My beng! TIC
tting, ) . the. . q S
may be acheved e uBTfebal hnadd Bhanee® oosr HRe Shevetfked A
processes .ar §e$9é$ﬁa‘§9t@! & iR 9%%%5 e?Ec%?iEQiﬂ%%rﬁfgcﬂegob&m th8eto1der
for connection with a nother “board, a process of nounting conponents
and s@ T%ﬁﬁn%’s and h&ﬁ@%&e&*ﬂ%é@&ﬂﬁﬂ?%ﬁ&B{usd&V,&ES H%e%eb?%%%‘iq-while

The seni conductor device obtaine I's way can protect

sem condygt:.ar [ h h o} i ! r is
of the W e S0 FExara oSt [ogs s "R End BRSNS RURPLOTTION 21.
will be dqb@bp d below, referring to Exanpl es and Conparative

Exanpl es, whi ensuring that the present 25 invention is not [imted
thereto. [0044};,;1¢ cenditions of bonding are not specifically limited, it

may be preferable to set temperature of the £lip-chip bender 32 higher

15 Dby 10°C to 100°C than the melting point of the solder material used

for the solder bumps 31, and to heat the solder bumps 31 for 1 to

30 seconds. 1In this process, the heating is more preferably effected

only from the semiconductcr chip 3 side. By this way of heating,

thermal stress otherwise possibly be appliied to the substrate may

20 be reduced, warpage of the semiconductor device otherwise possibly
occurs due to difference in the linear coefficients of expansion
between the substrate and the chip may be reduced, and alsoc the

volatile-induced voids ascribable to the substrate may be suppressed.

In this embodiment, the first electro-conductive portiocon and

25 the second electro-conductive portion are not limited to the solder

bumps 31 and the electrode pad portions 12, respectively, and it may

be good encugh that at least either one represents the solder bumps,



(Exanmple 1) 25 1. Preparation of Pasty Thernpsetting Resin

Conposi tion A pasty thernpsetting,gesin conposition was

obt ai ned by wei ghing 70. 9% by wei ght of bi sphenol F-type epoxy resin

(from DI C Corpoartion, EXA-830LVP, epoxy equival ent wei ght=161) as

the 5 thernosetting resin, 21.3% by meight of phenol novol ac (from

Sum t oo JUEZ CRart ikbdy, PReS34¥0, nsef S9-1R01 LG rasy

curing agent, 7.1% by melght of pheno alein (Tokyo Chem ca

I ndustry @gogihtd. (mp. 235C) ) as the qux activating agent, and O
7% by wei ght of 2-phenyl -4-nethylimn dazole (from Shikoku Chenicals

Cor por ati@nrihQ 2RPAMELs@s a curing accelerator, and by dispersing the

m xt ure under Kneading using a three-roll mll, followed by defoam ng

in vacuo. [0045}c2 pa%?ufﬁéiﬁééé@tﬂ{ S%Eﬁp%ﬁfﬂo%rlt@%\ﬁ' ¢@ TBethen heated

above-described pasty thernmpsetting resin conposition was 15 coated

on a &ireid ~suRatrate haw %ygSGSl’;;ﬁH' bePRLLRTIhd ARG %%En%%”B(L}[N!aﬁ@ the

a core material made of ELC-4 from Sumtono Bakelite Co

havi ng ceaffiichent %a@fpélk@w@ 19XRAPSIO rf;(lﬁ%'dowp TBnPfh h%lseBgm:é DidhLrity

XY-direction, and ppmin the Z-direction), and a sem conductor
chip ( 1%%11859@1 gﬁﬁrﬂ@ whdeand q’fﬂhll?@% el SE)heaMQ %gzdzgurlng of
sol der bunps forned thereon, was nounted using a flip-chip bonder

under he%th'en%a%tttyz@9@rfn8§e%91§8098§§n B8 DABL Vork hﬁLr Mo efd %%)ercei%'lEally

conposition was then cured under heating 1n a oven at 150C for

m nut es. i[ggt%gol N0 \as hQ;ntggiggigydb@Iugb&ool|ng rate of 25C7h
over 25 the control range fro 50 down to 60C, by settlng condition

of the oven relw%\i@@tc&?df O H@aE% dé;%rlao\gﬁ o 32248 resin

rate of approximately 60 down t or arou ereby obtain
the to be used, and are therefcre not specifically limited, the heating

may preferably be conducted at 100 to 200°C for 30 to 180 minutes,
and particularly preferably at 120 to 170°C for 60 to 150 minutes.
The temperature of heating is set not lower than the glass transition
15 temperature of a cured product of the pasty thermosetting resin
composition 21.
[0032]
While the glass transition temperature of a cured product of
the pasty thermosetting resin composition 21 having & flux activity,
20 after the curing, is not specificaily limited, it may preferably be
20°C to 300°C, and in particular 50°C to 150°C. By adjusting the
glass transition temperature to the abocve-described lower 1imit value
or higher, the bumps may more effectively be protected. On the other
hand, by adjusting the glass transition temperature to the
25 above-described upper limit value or lower, a fillet composed of the
pasty thermosetting resin composition 21 having a flux activity,

formed after bonding of the substrate 1 and the semiconductor chip



26 sem conductor device. Note that the tenperature herein neans
tenperature of the atnosphere in the OV?B. [ 0046] (Exanple 2) 5The
processes of manufacturing a sem conductor device were conducted
simlarly as described in Exanple 1, except that the cooling rate was
set as described bel ow. The cooling was conducted over the

range fram 1aQ @@E@?ﬁwv@& p8lp R COM NI FH &1 fcikird.h. 10[ 0047]

( Exanpl e 3) e processes of manufacturing a sem conductor
devi ce wergpggpducted simlarly as described in Exanple 1, except
that the range of cooling was set as described bel ow 15The cooling

was conduct ed ﬁhi&@%ﬁ?@%%@gl{ﬁé&%’é@f@?@fé}% 4 %?a?ﬁli%_nl (@4§" Ghetne

range from 150 down to 80 and at a cooling rate C/ mn over the

range from.pet shigheso s han a%%@edgygﬁg%l?%%lc#s%o%%n@'i%%%l Eeft eggﬂ_@?e or

processes of manufacturing a sem r~ device were conducte

si M | 1| %39, deser Lhedol R EXBIBLS-d 0 £XARDt,d Al e IRk RiAL §Q%EHW

were used as the pasty thernobsetting resin conposition. Ap

ther mosetbingsieShR SOMRSiLyon MAs, ohtained, by 23 weioh|,ngnd6,33e0Ys is
wei ght of bisphenol F-type epoxy resin (EXA-830LVP fromDIC

Cor o 458, SERBHYS SO oL, O AL o ) MEERS L %600
and in particular 15 ppm/°C to 40 ppm/°C. By adjusting the glass
transition temperature in the above-described ranges, the average

10 linear coefficient of expansion of the cured product of the pasty
thermosetting resin composition 21 having a flux activity, in the
range not higher than the glass Transition temperature, may be brought
closer to the linear coefficient of expansicn of the bumps (=zolder
bumps 31). Accordingly, the bumps may effectively be prevented from

15 cracking.

[0034]

The glass transition temperature and the linear coefficient
of expansion of the pasty thermosetting resin composition 21 having
a flux activity, after the curing process, may be measured according

20  to a method descried below.

The pasty thermosetting resin composition 21 having a flux
activity is allowed to cure at 150°C for 3 hours, to thereby
manufacture a 4 mmx4 mm=x10 mm sample. WNext, using a TMA device (from
SIT), the glass transition temperature, and the average linear

25 coefficient of expansion in the range not higher than the glass

transition temperature, are calculated under a compressive load of

10 g, at a rate of temperature elevation of 10°C/min., over the range



(from Tokyo Chem cal Industry Co., Ltd. (mp.=200 to 205C)) as the
curing agent having a flux activity, and;0.8% by wei ght of

2- phenyl - 4- et hyl i m dazol e (from Shi koku Chem cal s Corporation) as
the curing accel erator, and by dispersing the m xture under kneadi ng
5 using a three-roll mll, followed by defoam ng in vacuo. [0049]

(Exanpl e 53 measure%@ﬁtpE@ﬁ§é§§§uPé PROHT ach it ng, aorerd conduct or
devi ce were conducted simlarly as described in Exanple 1, except

that the pasky]10 thernosetting resin conposition was coated not onto
the substrate, instead onto the sem conductor chip. [0050] (Exanple
6) (CoolR@gPeeesses of nanufacturing a sem conductor device
were 15 conducted simlarly as described in Exanple 1, except that

the substrate @%%%r'Q%@e?ekﬁ$/$@§1$€3§r06§s§hQJ§¥Q§kﬁﬁk%eﬂﬂT%q0Q%51n
having a core conposed of BT 2HS fr'om M t subi shi Gas

Chem gal c@%@%@s@hohn951c8@)!é@9at a cRAehld ¢hent §rofotherdmle expangi Qans
(Tg or below) of 15 ppmin the 20 XY-diréction, and 55 ppmin the

Z-direct 'oqnézoéﬂ\@éncﬁ'%% tﬁe%éxl‘eirgi@p@u@}g 'a\éesgé@m_@n&])y using the U&ﬁle oven

process of nanufacturlng a sem conduct or devi ce was conducted

asin ed!'i iAs) e an e ofhdil s of
simlarly a3 desekhbgdehn; @%‘i‘@'@ué W Stgwat the %@%t;na Bé Fate

was set to as “descri bed bel ow. he cool |ng was conducted over

the rangefJ19my159 o i, 606hcatod GRPIHNG haledfcaddine 28 QP54 1.

The cooling rate may be calculated typically by dividing difference
10 of temperature, which is obtained by subtracting temperature after
the end of cooling process from temperature of atmosphere immediately
after the curing process, by the cooling time. The temperature herein
neans, for example, temperature of the atmosphere in the coven.
By cooling the thermosetting resin composition at a coocling
15 rate of 10 to 50°C/h (first cooling rate) as described in the above,
in particular at a constant cooling rate, the stress in the process
cf cooling may be moderated, and thereby the warpage may be reduced.
[0036]
In one example of fLhe process of manufacturing a semiconductor
20 device of related art, as described in Patent Document 2, the
semiconductor device has been obtained by carrying ocut scldering in
areflowoven, and then by curing a thermosetting resin, placed between
a semiceonductor chip and a wiring board, under heating at 120°C,
without carrying out the cooling process. As described in the above,
25h from the viewpoint of productivity, the semiconductor device has been
taken out immediately after the curing, and exposed to room

temperature. The semiconductor device is therefore abruptly cooled,



(Conpar ati ve Exanpl e 2) In the process of manufacturing a

sem conduct or device, the pasty thernnsg%ting resin conposition
descri bed below was injected 5 to a subStrate having a sem conduct or
chip prelimnarily nounted thereon, to thereby obtain a sem conductor
package. The pasty thernosetting resin conposition was

obt ai ned -y aw%bamhag #8c 8% by, 8ight @bobtﬁﬁhgméb&vé yp%@pemgnﬁs%atmg
(EXA-830LV9 from DI C Corporation, epoxy equival ent wei ght=161) as

10 ther mgalti ngiesi Ae &9v§é%9¥l§§t9@t$f8d&%%”“%héH“@Hd%%sa%th%al
curing agent, ‘and 0. 8% by wei ght of enyl - 4-met hyl i m dazol e (from

Shi koku (hem,Ga)¢ 150r BOEa 1AR) d@éptbﬁnéyrﬁcﬁ@tf&?%&&%c@ 1th%“@u*a}>f1clal
di spersing the m xture under kneading using a three-roll mll

fol I owed Ry ﬂ%fnoaﬁhﬁgﬁ]e Y g) odh2EQ0P3L 5 qual strle%saddtfn' exam:?Els, the

the curing process ctor device was kept in the oven

whi | eskeeping it-he¢UkibRg -t §TREeL AL HE %e@@%ﬁﬂ%é@aé(%eo%b EBrupt cooling,

i mredi atel y expose it to roomtenperature, and warpage of

sem conduglptodexhienvey Lvalual edyo Sk %&J]f‘escﬂﬁlsngﬂzﬁfge@ﬁ%f%gkl%ﬁce in

herein was 150C, the roomtenperature was 25C e cooling tine

was 30 mdyu %En@ér%@é‘f‘ﬁmié’&@@%’ﬂ e QH%EBE gfvﬂh lmv%‘cﬁﬁﬁ‘is@gné&%ent

cooled at a cooling rate of apprOX| above.

eval uati gn hased son xi a0 &atm@,abtd%;% S%%%M&@é@rofdﬁgh%aee@érmg

found to cause warpage. 25[ 0054 ‘sem conduct or deV|ces

obt ai nedéi %etrrLl e dndi-tibguak @”Bke§ef§gecgo$%@rﬁ§ V&, &xanpd Wel8ted in

eval uat e respect tothe itens w. The 1tens o

eval y thgﬁgg%eghgu r gegbgu £ec899TH Results are shown in Table 1.

[ 0055 age o em conduct or ice War page of the
obt ai ned semkegnductor devices, and war page of the sem conductor
device after the reflom/re5|stance test described | ater were

eval uat ed. Exply %n@ghegg g‘: irbetﬂgiyiéc%%gp«%sﬁ ALY uring a semicBhductor

t he amount of war page not excee
device of the present invention, the ccoling process is adopted as

described in the above. The cooling at a cooling rate of 10 to 50°C/h,
15 carried out in succession to the curing process, may moderate the
mode of thermal shrinkage, and may further moderate the stress
ascribable to difference in the linear coefficients of expansion of
the constituent materials. Accordingly, the present inventicn may
successfully moderate the stress in the process of cooling, te thereby
20 reduce the warpage.
[0038]
The lower limit value of the cooling rate (first cooling rate)
is preferably 15°C/h or above, and more preferably 20°C/h or above.
On the other hand, the upper limit wvalue of the cooling rate (first
25 cooling rate) is preferably 40°C/h or below, and more preferably
30°C/hor below. Byadjustingthe cooling rate to the above-described

lower limit value or above, the warpage may be suppressed in a more



B: the amount of warpage exceeded 80 pm but did not exceed 10100 pm
C. the anmount of warpage exceeded 100 poY but did not exceed 120 pm
and D: the anmount of warpage exceeded 120 pm [0056] 15
2. Reliability Reliability of the sem conductor devices was
eval uat ed based on separation property and bondi ng property of the

sem Condgﬁbgbvgﬁvhgﬁnef‘f 4659 l%%'e”@tﬁé?l ﬁ&zﬁ@d 3P arc%f |s%‘ﬁ’n'€_:je%hét é@@faﬁ&sﬁate
conforming to JEDEC | evel 3, under which SMI refl’'ow was conduct ed

(three t%@%%ez%é‘%eﬁd@%lkﬁm%b@ruﬁm% 50 Jﬁ‘%eq\b%l Ughi0Ra¥W8Sge may

made under n=20. Expl anations of the nmarks are as follow Separ ation

PropertypA: S%B@gggbgnly}v% A9t e Oﬂ&?f(y‘% fornfld, sanples; B: incidence
of separation was smaller than 5% 25C incidence of separation was

S% or |arggpzopnd smaller than 10% and D: incidence of separation
was 10% or Iarger 30 Bondi ng Property A. ratio of bonding

was 190% whiBe, I ahl E’hé’fc&?ﬂq{g“%r‘éﬁ:’%s%‘mke%%e%@%ﬁréo@{ﬁgé/ &0e Oluhich

| arger), and 95%or | arger (2/10 or small rat1 o of bondi ng

exceeded tﬁg(y&oélfflmfr@a"éeeﬁstmgéf/ﬁecf‘q%cca81onally referred to as control

range, hereinafter) is not specifically limited, it may be set to
Tc [°C] or below, and (Tc-90) [°C] or above, assuming that the curing
temperature of The pasty thermosetting resin composition 21 in the
10 curing process as Tc [°C]. The cooling is preferably performed at
the above-described first cooling rate over the above-described
temperature range. By this way of cooling, the generated.stress may
be more distinciively reduced in the contrel range, and by controlling
the temperature range, the warpage may be suppressed in a more improved
15 manner.
(00407
The contrel range of the first cooling rate may more
specifically set to 150 to 60 [°C] while assuming the curing
temperature (Tc) as 150 [°C], and more preferably 150 to 80 [°C].
20 The cooling is preferably performed at the above-described first
cooling rate over the above-described temperature range. 1In
particular, the control range may be set to Tc [°C] or below, and
(glass transition temperature of a cured product of the pasty
thermosetting resin composition 21, minus 20) [°C] or above, and more
25  specifically te 150 to {glass transition temperature (Tg) of a cured
preduct cf the pasty thermesetting resin compeosition 21, minus 20)

[°C]. The cooling is preferably performed at the above-described



D ratio of bonding was 80% or snaller. [0057] 3. Work Efficiency
Wrk efficiency was eval uated, assum ng,{he nunber of |abor 10 unit
in Conparative Exanple 2 as a reference %100). Expl anati ons of the
marks are as foll ow A. nunber of labor unit was 50 or

| arger, and 75 or smaller; B: nunber of |abor unit exceeded 75, and

95 or smalih@h; cooling rat@Zoggguﬁ&a%%ob%p%%sH@EBeﬁxﬁﬁﬁ?g¥£éﬁ%e 2€gd05 The

or smaller; and 15D: nunmber of | abor unit exceeded 5, and 150 or

smal | er. [,0058h 4anGhasst TEanshdi gnoJermeratiyeg; %c#a N&Aharticularly
Coefficient of Expansion of Cured Products of Pasty Thernosetting

Resin Conpesitib@Rs i ihe; pasty é@ﬁﬁf@é@%ﬁ'rEhé‘%ﬂ%?dﬂ%WDOSitions
obtained in 20 Exanples were cured at 150C for hours, to thereby
manuf act urgpganpl es having a size of 4 mx4 nmx10 nm @ ass

transition tenperature, and average |inear coefficient of expansion

in the tenperatyre-5aNge; Nt hbghess thanahhee9hassrihadsiddan1 range may
tenperature were cal cul ated, using a TMA apparatus (from SII) , under

a conpreggi ¥8r2peli0fd 06ellng: 881 8nd AR Of HEIPET UL ReVabbeMngfrate
10C/ m n., over the range of neasurenent tenperature from-100C to
300C. [0038] 531nkTahhecldiescribed control range (in particular in the
temperature range typically below (Tc-90) [°C]) is not specifically
limited, it is preferably set to 60 to 120°C/h, and particularly
10 preferably to 40 to 100°C/h. By the setting, an effect of moderating
the stress and a good productivity may be achieved in a well~balanced
manner.
[0042]
The above-described processes are followed by a process of
15 forming solder bumps used for connection with a mother board, a process
of mounting components and so forth, and thereby the semiconductor
device may be obtained. The semiconductor device obtained in this
way can protect the semiconductor chip, through proteciicn of the
bumps and suppression of the warpage.
20
[Examples]
[0043]
The present invention will be detailed below, referring to
Examples and Comparative Examples, while ensuring that the present
25 invention is not limited thereto.

[C044]

(Example 1)



Exanpl e 1 Exanple 2 Exanple 3 Exanple 4 Exanple 5 Exanple 6
Conpar ati ve Exanple 1 Conparative Exarrp&g 2 Thernosetting resin
Bi sphenol -F type epoxy resin 70.9

10

15

20

25

1. Preparation of Pasty Thermosetting Resin Composition

A pasty thermosetting resin composition was obtained by
weighing 70.9% by weight of bisphencl F-type epoxy resin (from DIC
Corpoartion, EXA-~830LVP, epoxy equivalent weight=1€1l) as the
thermesetting resin, 21.3% by weight of phenol novelac {from Sumitomo
Durez Co., Ltd., PR-51470, softening point=110°C}) as the curing
agent, 7.1% by weight of phenolphthalein (Tokyo Chemical Industry
Co., Ltd. {m.p.235°C)) as the flux activating agent, and 0.7% by weight
of Z2-phenyl —d-methylimidazole (from Shikoku Chemicals Corporation,
2P4MZ) as a curing accelerator, and by dispersing the mixture under
kneading using a three-roll mill, follcowed by defcaming in vacuo.

(0045}

2. Manufacturing of Semiconductor Device

The above-described pasty thermosetting resin composition was
coated on a circult substrate having a ¢circuit pattern formed thereon
(with & core material made of ELC-4785GS from Sumitomo Bakelite Co.,
Ltd., having coefficients of thermal expansion (below Tg) of 11 ppm
in the XY-direction, and 16 ppm in the Z-direction), and a
semiconducter chip (15mm long, 15 mmwide, and 0.725 mm thick), having
solder bumps formed thereon, was mounted using a flip-chip bonder
under heating at 260°C for 10 seconds. The pasty thermosetting resin
composition was then cured under heating in & oven at 150°C for 120
minutes.

The cocling was then performed at a cooling rate of 25°C/h over
the control range from 150 down to 60°C, by setting condition of the
oven relevant to the cooling rate, followed by cocoling at a rate of

approximately 60°C/h down to 30°C or around, to thereby obtain the



70.9 70.9 76.3 70.9 70.9 70.9 79.4 Curing agent Phenol novolac 21.3
21.3 21.3 0.0 21.3 21.3 21.3 19.8 Fl ux Q%tivating agent
Phenol pht hal ei n
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semiconductor device. Note that the temperature herein means
temperature of the atmosphere in the oven.

[0046]

(Example 2)

The processes of manufacturing a semiconductor device were
Conductedsimilarlyensdescribedjj1Example]4 except that the cooling
rate was set as described below.

The cooling was conducted over the range from 150 down to 60°C,
at a cooling rate of 15°C/h.

[0047]
(Example 3)

The processes of manufacturing a semiconductor device were
conducted similarly as described in Example 1, except that the range
of cooling was set as described below.

The cooling was conducted at the cooling rate same as that in
Example 1 over the range from 150 down to 80°C, and at a cooling rate
of 1°C/min over the range from not higher than 80°C down to 30°C.

[0048]
(Example 4)

The processes of manufacturing a semiceonductor device were
conducted similarly as described in Example 1, except that the
materials below were used as the pasty thermosetting resin
compesition.

A pasty thermosetting resin composition was obtained by
weighing 76.3% by weight of bisphenol F-type epoxy resin (EXA-830LVP
from DIC Corpeoration, epoxy equivalent weight=161) as the

thermosetting resin, 22.9% by weight of 2,5-dihydroxybenzoic acid



7.1 7.17.120.07.127.17.10.0 2,5-D hydroxy benzoic acid 0.0 0.0
0.0 22.9 0.0 0.0 0.0 0.0 Curing accel ergtor

{from Tokyo Chemical Industry Co., Ltd. (m.p.=200 to 205°C)) as the

curing agent having a flux activity, and 0.8% by weight of
2-phenyl-4-methylimidazole (from Shikoku Chemicals Corporation) as
the curing accelerator, and by dispersing the mixture under kneading

5 using a three-roll mill, followed by defoaming in vacuo.

[0049]

{(Example 5)

The processes of manufacturing a semiconductor device were
conducted similarly as described in Example 1, except that the pasty

10 thermosetting resin composition was coated not onto the substrate,
instead onto the semiconductor chip.

[0050]
(Example 6)
The processes of manufacturing a semiconductor device were

15 conducted similarly as described in Example 1, except that the

substrate described below was used.
As the substrate, the one having a core composed of BT

(CCL-HLB32HS from Mitsubishi Gas Chemical Company, Inc., having

coefficients of thermal expansion (Tg or below) of 15 ppm in the

20 XY¥-directicn, and 55 ppm in the Z-direction) was used.
[0051]

(Comparative Example 1)

The process of manufacturing a semiconductor device was

conducted similarly as described in Example 1, except that the cooling

25 rate was set to as described below.

The cooling was conducted over the range from 150 down to 60°C,

at a cooling rate of 5°C/h.



2- Phenyl - 4-nethyl im dazole 0.7 0.7 0.7 0.8 0.7 0.7 0.7 0.8 Pasty
t hernosetting resin conposition G ass t&gnsition tenperature 110 110
110 90 110 110 110
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[G052]
(Comparative Example 2)

In the process of manufacturing a semiconductor device, the
pasty thermosetting resin composition described below was injected
T0o a substrate having a semiconductor chip preliminarily mounted
thereon, to thereby obtain a semiconductor package.

The pasty thermosetting resin composition was obtained by
welghing 79.4% by weight of bisphencl F-type epoxy resin (EXA-830LVP
from DIC Corporation, epoxy equivalent weight=161) as the
thermosetting resin, 19.8% by weight of phencol novolac as the curing
agent, and 0.8% by weight of Z-phenyl-4-methylimidazole {from Shikocku
Chemicals Corporation) as the curing accelerator, and by dispersing
the mixture under kneading using a three-roll mill, followed by
defoaming in vacuo.

[0053]

In addition, after the curing process, the semiconductor device
was kept in the oven while keeping the curing temperature, and then
taken out to immediately expoese it to room temperature, and warpaqge
of the semiconductor device was evaluated. Since the curing
temperature herein was 150°C, the room temperature was 25°C, and the
cooling time was 30 minutes cr around, the semiconductor device was
supposed to be cooled at a cooling rate of approximately 250°C/h or
above. By the evaluation based on visual observation, the
semiconductcr device was found to cause warpage.

(0054}
The semiconductor devices obtained in the individual Examples

and Comparative Examples were evaluated with respect to the items



110 Linear coefficient of expansion al (ppmiC) 55 55 55 60 55 55 55
55 Cooling rate(C h) 25 15 25 25 25 25 .4
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below. The items of evaiuation and the criteria are shown. Results
are shown in Table 1.
[0055]

1. Warpage of Semiconductor Device

Warpage of the obtained semiconductor devices, and warpage of
the semiconductor device after the reflow resistance test described
later were evaluated. Explanations of the marks are as follow:

A: the amount of warpage did not exceed 80 um;

B: the amount of warpage exceeded 80 um, but did not exceed
100 um;

C: the amount of warpage exceeded 100 um, but did not exceed
120 um; and

D: the amount of warpage excesded 120 um.

[0056]

2. Reliability

Reliability of the semiconductor devices was evaluated based
on separation property and bonding property of the semiconductor
device, after being subjected to reflow resistance test conforming
to JEDEC level 3, under which SMT reflow was conducted (three times)
at a peak temperature of 260°C. The evaluation was made under n=20.
Explanations of the marks are as follow,
Separation Property

A: separation was not cbserved for all samples;

B: incidence of separation was smaller than 5%;

C: incidence of separation was 5% or larger, and smaller than
10%; and

D: incidence of separation was 10% or larger.



5 25 Range of cooling 150-60 150-60 150-80 150-60 150-60 150-60
150- 60 150-60 Warpage(after curing) A Ag AABC

Bonding Property
A: ratio of bonding was 100%;
B: ratio of bonding was smaller than 100% {(8/10 or larger),
and 95% or larger (2/10 or smaller);
5 C: ratio of bonding exceeded 80%, and smaller than 25%; and
D: ratio of bonding was 80% or smaller.
(00571
3. Work Efficiency
Work efficiency was evaluated, assuming the number of labor
10  unit in Comparative Example 2 as a reference {(100). Explanations
0f the marks are as follow:
A: number cof labor unit was 50 or larger, and 75 or smaller;
B: number of labor unit exceeded 75, and 95 or smaller;
C: number of labor unit exceeded 95, and 105 or smaller; and
15 D: number of labor unit exceeded 105, and 150 or smaller.
[0C58]
4, Glass Transition Temperature and Linear Coefficient of Expansion
of Cured Products of Pasty Thermosetting Resin Compositions
The pasty thermosetting resin compositions cbtained in
20 Examples were cured at 150°C for 3 hours, to thereby manufacture
samples having a size of 4 mmx4 mmx10 mm. Glass transition
temperature, and average linear ccefficient of expansion in the
temperature range not higher than the glass transition temperature
were calculated, using a TMA apparatus (from SII), under a compressive
25 load of 10 g, at a rate of temperature elevation of 10°C/min., over
the range of measurement temperature from -100°C to 300°C.

[0059]



C Warpage (after reflowresistance test) 3 BB B ABDDReliability
(separation property) AAAAABCC 4

[Table 1]
Example|ExampleiExample |Example|Example |Example | Comparative | Comparative
1 2 3 ] 5 6 Example 1 Example 2

Thermosetting|Bisphenol~F type | 44 o | 75,9 | 70.9 | 76.3 | 70.9 | 70.9 70.9 79.4
resin epoxy resin
Curing agent |Phencl ncvolac 21.3 21.3 21.3 0.0 21.3 21.3 21.3 159.8
Flux Phenolphthalein 7.1 7.1 7.1 0.0 7.1 7.1 7.1 0.0
activating |2,5-Dinydroxy 0.0 | 0.0 | 0.0 | 22.9| 0.0 | 0.0 0.0 0.0
agent benzoic acid

- - —
Cuzing 2-Phenyl-d-methyll 4 o | 57 | 0.7 | 0.8 | 0.7 | 0.7 0.7 0.8
accelerator imidazole
Fasty . |Blass transition | 1.5 | 4345 | 110 90 110 | 110 110 110
thermosetting|temperature
resin Linear

r .
composition |coefficient of 55 55 55 60 55 55 55 55
expansion ol
(ppm/ °C}

Cocling rate (°C/h) 25 15 25 25 25 25 5 25
Range of cooling 150-60|150-60{150-80|150-60|150-60]150-6C 150-60 150-60
Warpage (after curing) A A B A A B C C
Warpage (after reflow resistance B B B B A B D D
test)
Reliability (separation a a a A ¢ o
property)
Reliability (bonding property) A A A B P2 B C B
Work efficiency 70 75 65 70 70 70 80 100

[0060]

As is clear from Table 1, the semiconductor devices cobtained

in Examples 1 to 6 were found to show only small warpage in both

stages of as-manufactured and as-tested for reflcow resistance.

Examples 1 to 6 were also found to be excellent in the

reliability. This suggested that the solder bumps were protected.

Examples 1 to 6 were also found to be excellent in the work

efficiency.
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CLAIMS:

1. A method cf manufacturing a semiconductcer device substrate
comprising:

a coating process in which a pasty thermosetting resin
composition having a £flux activity is coated on at least either one
of a substrate and a semiconductor chip;

a bonding process in which said substrate and said
semiconductor chip are electrically bonded while placing said pasty
thermesetting resin composition in between;

a curing process in which said pasty thermosetting resin
composition is cured under heating; and

a cooling process, succeeding to said curing process, in which
cooling is performed at a cooling rate between 10 [°C/hour] or above

and 50 [°C/hour] or below.

2. The method of manufacturing a semiconductor device as
claimed in Claim 1,

wherein, assuming that the curing temperature of said pasty
thermosetting resin composition in said curing process as Tc [°C],
in said cocling process, sald step of cooling is performed at said

cooling rate between Tc [°C] or below and (Tc-80) [°C] or above.

3. The method of manufacturing a semiconductor device as
claimed in Claim 2,
wherein, assuming that the curing temperature (Tc) as 150 [°C],

in said cooling process, said step of cooling is performed at said



[ 0060] As is clear from T Table 1, the sem conductor devices
obtained in Exanples 1 to 6 were found show only small warpage in
both 5 stages of as-manufactured and as-tested for refl ow resistance.
Exanples 1 to 6 were also found to be excellent in the reliability.
Thi s suggested that the sol der bunps were protected. Exanples 1
Lo 6 Wereoahsfyl ound berhecexesh! et 14k Lhswordacpld givencys pidoy.
CLAI V5. 1. A nmethod of nmanufacturing a sem conductor device
substrate conprising: 5a coating process in which a pasty

t hernosetting resin conposition having a flux activity is coated on

at |east eithey ong,ofya subsid 316,200+, 3600 GOOdMELOR EBEDr device as

a bondi ng process in which said substrate and said sem conductor chip

are eIecgﬁggﬁghyigoegﬁgmm@ile pl acing said pasty 10 thernosetting
resin conposition in between; a curing process in which said

past ys t her mosef,hLpg; hesh g COMpOSt £ 1 QI 11i$ LUre eli@ggﬁe!ﬂ?%%bﬁ?%%@fﬂﬁg rate

a cooling process, succeeding to sald curing process,

cooling isipetfoppedoaly, g, £pobi "o eargcﬁ e 0 hour] 1an gboYeE the

t
15 and 50 [ hour] or bel ow e nmet OJ of manufacturing a

sem condgg;n?%rgggggergﬁggl abped {n O g%é’qtgo) wherein, assumng that

the curing tenperature sal d pasty her nbset'ti ng resin
conposition in said curing process as Tc [C], in said cooling
process, said step of cooling is perforned at said cooling rate

bet ween To [Cléor AL gy (FC 120k Atk ﬁnﬁbgvgem%%og?uctor dePicd Nes

met hod of manu écturlng a sem conduct or device as alned I n aim

2, 10 c1WhRESI B, é§gyﬁi@g that the curing tenperature (To) as 150
[C], 1n sard cooling process, said step of cooling is perforned at

sai d wherein linear coefficient of expansion {(ol) of said substrate
in the thickness-wise direction thereof, in the range from 25°C or
above, up to glass transition temperature (Tg) or below, is 20 ppm/°C
or smaller.
15
&. The method of manufacturing a semiconductor device as
claimed in Claim 1,
wherein linear coefficient of expansion (al) of said substrate
in the thickness-wise direction thereof, in the range from 25°C or

20 above, up to glass transition temperature (Tg) or below, is 5 ppm/°C

or larger.

7. The method of manufacturing a semiconductor device as
claimed in Claim 1,
25 wherein the glass transition temperature of a cured product
of said pasty Thermosetting resin composition after said curing

process is 50°C or above and 150°C or below.



33 cooling rate between 150 [C] or above and 60 [C] or bel ow.

4. The nmethod of manufacturing a sem cogguctor device as clained in
Claim2, 5wherein said step of cooling i's performed at a cooling rate
bet ween 60 [ C/ hour] or above and 120 [C/ hour] or below, in the
tenperature range |lower than (Tc-90) [(C]. 5. The met hod
of manufacturing a sem conductor device as 10 clainmed in Caim1l,
wherein |linear coefficient of expansion (al) of said substrate in the

thi ckness- “‘SGSd'r@ﬁé'ﬁ%kﬁé&”é%ﬁmaddféd%%ﬂﬂ%ﬁg% E%%Eb%ﬁgheﬁoﬁb9¥@lc&pas
to glass transition tenperature (Tg) or below, is

smal ler. 3% :imed in B1alhezmethod of nanufacturing a senlconductor
device as clained in Cla|n11 wherein |inear coefficient of

expansi on (al) @k 88hdrsUbgiLal e Lo d e S DiGhIRS SN Se ¢ Lechi0l product
thereof, in the range from 25C or 20 above, up to glass transition

t?”DEEatQEESQI@) 085 t?ekﬁﬁkmb§e§t99§1fééﬁnlégﬁ5331tlon afférlgggdn%hQQQg

manuf act uri ng a sem conductor device as clal ned

25wher ei i, 4. gl ass shransi-t Lpp Leaper atgive of E%z%%fed product of said
pasty thernosetting resin conposition after sald'curlng process is

50C or above and 150C or below. 34 8. The met hod of
manuf acturing a sem conductor device as clained in Caim2,

wherein the glass transliian deMErALIe,ah R CULed BhadUehy Sah: 521 &

pasty thernosetting resin conposition after “said curing process is

50C or abgug ld ;15800 el ow

16 wherein, in said cooling process, said step of cooling is
performed at said cooling rate between Tc [°C] or below and (said
glass transition temperature of a cured product of said pasty

thermosetting resin composition minus 20) [°C] or above.

15 10. The method of manufacturing a semiconductor device as
claimed in Claim 1,
wherein linear coefficient of expansion of a cured product of
said pasty thermosetting resin composition after said curing process,
over the range from 25°C or above, up to the glass transition
20  temperature (Tg) or below, is 5 ppm/°C or larger, and 60 ppm/°C or

smaller.

11. The method of manufacturing a semiconductor device as
claimed in Claim 1,
25 wherein, in said cooling process, said cooling rate is 25

[°C/hour] or below.



9. The nethod of manufacturing a sem conduct or device as clainmed in
Claim8, 10wherein, in said cooling pr o$ said step of cooling is
performed at said cooling rate between Tc [C] or below and (said
glass transition tenperature of a cured product of said pasty

t hernosetting resin conposition mnus 20) [C] or above. 1510. The

net hod of manufact ufhaognét S6dN SONHRII-tdaviee aa%eﬁtllébﬁﬁgctﬂrqj@b%é as
wherein |inear coefficient of expansion of a cured product of said

pasty thesmselt iRgcnaskniconposition after said curing process, over
the range from 25C or above, up to the glass transition 20

tenperature (T@kiok BELEWsubstPaPOMhEy Ofg! AT 88Fst atid G- PRIVHE R ive
smal ler. 11. The nethod of manufacturing a sem conductor device as

cl ai med 'fbr@l%'nm %mdzété@@r@bﬂlcbﬂdﬁét@r C@t@izﬂa g PIREES ek cooling
rate is [C/hour] or bel ow. . The net hod of

manuf gct Wiidg 3 -semaeerdyet 95rg§ghce as claimed in Caiml,
using said substrate having a first el ectro-conductive port| on, and

sai d sem condugt 0L, £ AAVGNG-S-S8808d 1 8 ﬁh&‘sct{fé)cé?gﬂg%éld/%eﬂ%éhgﬂctor
in said bonding process, sai substrate and said sem conductor chip

are el ectdyically bonded; -whh | epbehag, CWH@ﬁé“Eéﬂﬁ%16ﬁyé@e@a§5¥h said pasty
t hernosetti ng resin conposition, so as to connect sal d first
el ectro- qepdueisete 1per trb@ﬁlnaegmééégu?@ﬁ,ongo el £ots A GANAUCTI M First

electro-conductive portion and said second electro-conductive

10  portion with a solder.

13. The method of manufacturing a semicenductor device as
claimed in Claim 12,
wherein at least either one of said first electro-conductive
15 portion and said second electro-conductive portion is composed of

solder bumps.

14. The method of manufacturing a semiconductor device as
claimed in Claim 1,
20 wherein said pasty thermosetting resin composition contains

a thermosetting resin and a flux activating agent.

15. The method of manufacturing a semicenductor device as
claimed in Claim 14,
25 wherein content of said thermosetting resin is 5% by weight
or more, and 70% by weight or less of the whole portion of said pasty

thermosetting resin composition.



10 portion with a sol der. 13. The met hod of manufacturing a

sem conductor device as clainmed in daim.12, wherei n at

| east either one of said first el ectro-conductive 15 portion and said
second el ectro-conductive portion is conposed of sol der bunps.

14. The method of manufacturing a sem conductor device as clained in
Claim1, 20wherein said pasty thernosetting resin conposition

contains a thernosetting resin and a flux activating agent.

15. The method ;qf rapUfACEMEE NG & SRIELARAYGLOT deyi; E%naac%@' agelle;@ as
Claim 14, 25wherein content of said thernnsettlng resinis 5%b

wei ght or. ik andcfQ%,byswei ght or | ess of the whole portlon of

sai d pasty thernosetting resin conposition. 36 16. The net hod
of manufacturing.g.sem E@rséjﬁz\/fﬁﬁxa&ﬁ‘%% L eﬁ: qidm 1ﬁ% bgf welght
wherein content of said ux activating agent y wel ght

mor e, sang, SOy wet gk 9f de%%_;%t%rtﬂ@sé"’%‘%' @h%%ﬁd Céﬂggkt?éhdofp%%&}ﬁ pasty

t hernosetting resin conposition.

manuf act yrj g 2 $eniy OQQEEBOEOQ,¥é§€1ﬁ§50|alnEd in Caim 14,

10wherein Salé% l'ux activating agent a carboxyl group and a
phenol i ¢ hydroxyl group in the nol ecul e thereof. 18. A
sem conduct or devi ce obtained by the nmethod of manufacturing a

sem conductor devi ¢, as,Slialdredk 1L AML NG9y 9 2LlE cLRlubfol device as

claimed in Claim 14,
10 wherein saild flux activating agent has a carboxyl group and

a phenolic hydroxyl group in the moiecule thereof.

18. A semiconductor device obtained by the method of
manufacturing a semiconductor device as claimed in any one of Claims

15 1 to 17.



