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SPECI FI CATI ON TI TLE OF THE | NVENTI ON

SEM CONDUCTOR UNI T PACKAGE, SEM CONDUCTOR UNI T PACKAG NG METHOD, AND
ENCAPSULANT FOR USE I N SEM CONDUCTOR UNIT 5:i PACKAG NG

TECHNI CAL FI %896/ This invention is directed gener g&typos1600

sem conduct or 17108 package and to a sem conductor unit packagi ng net-hod.
More specifically, the present invention pertains to a 10 t echni que

wherein a sem conductor device is nmounted by neans of flip-chip

bondi ng onto a substrate, with a conghgbﬂcﬁm adhesi ve sandw ched

t her ebet ween, and the substrate and sem conductor device are
mechani cal | y connect ed toget her, with a resin encapsul ating |ayer
sandwi ched ther ebet ween. 15  pyrrE oF THE INVENTION BACKGROUND ART
GEneraIIy, sol der interconnection has been used for establishin

i nt er connecti ons betSEMICONDUCTESR DNAT (RAGKAGH, SIICONDUCEPR UNIZ,P ents

such ®as sem co d t elgclg; NBBC‘E CWT
patterns on a %‘ﬁite ﬁﬁ%q i S|€6e£no ?err#@onﬁgggr pac ages

been decresgsed packagim@atical |y, and as the spacing between connectlon
termnals has been reduced owing to, for exanple, increase in the

nunber of connection term nals, conventional soldering finds it
difficult to catch up with such rec@RCHNICARCBEELR | nce it 25 requires

thelohip - 'Ts 1i1 g0eE SPVRRVASH 38 SHERCEIE oihatully NP ROpGRESondditt 1
- . unit package and to a semiconductor unit packaging method.,

More specifically, the present invention pertains to a.

10 techn;i.que wherein a semiconductor device is mounted by means

of fi:i.p-chip bonding onto a substrate, with e conductive

adhesive sandwiched therebetween, and the substrate and the

semiconductor de\;ice are mechanically connected together,

with a resin encapsulating layer sandwiched therebetween.

15 ’ - . BACKGROUND ART
Generally, solder interconnection has been" used. for
estahlishing interconnections between connection terminals of
electronic components such as semiconductor devices and
terminal electrodes of circuit patterns on a substrate. K As
20 the size of semiconductor packages has 'been decreased
dramatically, and as the spacing between connection terminals
.has been reduced owing to, for example, increase' in the
number of connection terminals, conventional soldering finds
it difficult to catch up with such recent advances, since it

- 25 requires large adhesive area.

’ : - Various fl:lp—ch:l.p bonding approaches, in which the chip
is flipped or inverted such that its active element surface

1



faces the substrate and is directly connected to the substrate

with termnal el ectrodes, have been proposed for ef fective use of
packagi ng areas. Typical exanples of the fl.ip-chip bonding are

descri bed below. 5 (1) Junction By Low Melting-Point Metal

As shown in F 2feg @ solder bunp electrode 8 is f opgREipstdIcD )
el ectrode pad of a sem conductor device 1. The sol der bunp el ect.rode
8 is aligned with a termnal = el ectrode 5 on a substrate 6, Thereafter,

solder is nelted 10 to establish.electric necti on bet nth

seni conduct or £aces he c substrgten A hds 'S%r r}l’[ gﬁ%e the

t echni que subbfiatd WiH Nl dlecdRbass, |lﬁh¢é1|5eé190ﬂ%ﬁb‘éd Fobunp
eIectrodeSof old is formed. A deposit of a low meltin

netal, e.g., ac8€petive 5% q%cgﬂﬁﬁaqiggf 8rRes- be?%’e?Pﬁnga“m?@sg(ﬂ%d tgﬁrrp

el ectrode 3 anglipfbﬁfglgdyaidy ¢kl gd8cPibdddelow. | Ndium deposit 9.is
nelted and the bunp electrode 3 and the termnal electrode 5 are

el ectrically connected together. Subsequently, the sem conductor
device 1 and the supp} rfetion By 86§ MECEAY-PRihE magaect ed together W t h
an encapsul ati ng 20 | ayer 10 sandmnched t her ebet ween. (2)
Junction By CUring.Ebnshqnmlén RIGYRE 8, a soldexsbumpweleatfode 80isa
bunp el ectrode_3 gol d or n.an_e

sem conduct or ﬁ%ﬂ‘%% n aljl el%ftror% cgfft £ uérr%g'eéec %q: ?eor%c%h%'
sem conduct or gR¥i &aldaﬁ buinpwi éibﬂ:ztdﬂe’n aaliselaauignnde with a stédrsiinatie 6
Is carried

o electrode 5 on a substrate 6, Thereafter, solder is melted
10 to establish electrical connection between the seﬁiconductof'
device 1 and the substrate 6. FIGURE 9 shows a technique
similar to the one ¢of FIGURE 8. In this technigque, a bump
electrode 3 of gold is foi‘med. ‘A déposit of a low melting-
point metal, e.g.; a deposit 9 of indium, is formed between
15 the gold bump électrode 3 and the terminal electrode 5. The
indium deposit 9 is melted and the bump electrode 3 and theé
terminal electrode 5 are electrically connected together.
Subsequentlir, the .semiconductc;r device 1 and the substrate 6
are mechanically connected together, with an encapsulatiqg

20 layer 10 sandwiched therebetween.

(2) Junction By Curing Contraction Stress
As shown in FIG. 10, a bump electrode 3 of gold is
formed on an electrode pad 2 of a semiconductor d-ev:ice 1.
Alignment of the bump eledtrode 3 on the semiconductor device
25 1 with & terminal electrode 5 on a substrate 6 is carfigd
| out. Then, an encapsuléting material is filled between the
semiconductor device 1 and the substrate 6. ' This

encapsulating material cures or hardens to form an
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out. Then, an encapsulating material--is filled between the

sem conductor device 1 and the substrate 6. Thi s

encapsul ating nmaterial cures or hardens to form an

2. WD 96/ 42106 :
PCT/ JP96/ 016QM, oeraz106 €NCapsul ating layer 12. Contraction stpcamsmposomsiced by ~
such hardeni ng resul-ts in application of conpressive stress bet.ween
the bunp el ectrode 3 and the termi nal el ectrode 5, wher eupon t he -bunp

el ectrode 3 and the term nal el ecgtrod are electric d

t oget her and, eaFapgulating (iager 12! c?‘?fétr%@fﬁ%bﬁ 58?8@“2%"\7%92 lsﬁéﬁd

the substratfarfen?h§ resul®Fhani Cappricariivict od togmptesiverddtiessal |y,

in order to | mprove connection rellab|I|té a deposit 11 of gold may
n )e ecmo 5, (3)

be f or mabedmeeheﬂ@r himn| eleqkRqdniS AN

Junct’i on By c rﬂgﬁﬁl eAdBas! $°and th tnﬁ%{aﬁr@lﬁﬁt%%t
FIGURE 11, a urrp e g%t’r:g% oéi fo?rre% on an el ectrode pad 2

of a-senmi 5:ondaceoaldetr¢ea11y conndnta!{hlmmrt acvdndﬂ@t ithe &GNESFWGG, Whl ch

i ncl udes a bi nder ch conducti e Rg rsgd,
filled 15 b@Pﬁeeﬁe’t“fi@°§§W:‘6’ﬁd %’c :ﬁl‘ce a su s?’F%?s E
conductive adBﬁéhﬁﬁibﬁlﬂfaéﬁﬁhdﬁﬁdiit&beth&rsanndﬂiﬁfbﬁhnmyngin order to
application of pressure, whereupon it cures or _hardens to orm an

ani sot ropi ¢ cémBYEve echueeticon Teljability, asdgposit 1L.4f 9°1E3h838uhﬁ
el ectrode 3 a@gfﬂ{aﬁeﬁm-ﬂﬁé féﬁﬁr{%d%léc%i'sd;OS (8&&FIdURA p)connect ed

t oget her and, e sane t sem conduct or device 1 and the
substrate 6 are nechanically connect ed toget her. (4) .
Juncti onyy Conduck gyeathenty sy anisbird QMcbﬁdEéﬁvREA%esivEUWD

el ectrode@S of golgl |ys orneJy g on anB el.ectrode pad of -a

senmi conduct or devi Befezring nowika FICUBE, 1&:c§nh9@9|#m weofsgold
LTS E UL Perkien an SARERECRISds 2 84 W BB chal BB o

An anisotropic conductive adhesive, which includes a binder

. in which conduct:i.ve particles are dispersed, is fill_ed

15 between the semiconductor device 1 and a substrate 6. This

coﬁdt.zctiv_e '.a_dhesiize _:is heated while at the same time having

aﬁplication of pressure, whereupon it cures or hardens to

form an anisotropic conductive adhesive layer 13. As a

result, the bump electrode 3 and a terminal electrode 5 are

20- electrically connected together and, at the same time, the

semiconductor device 1 and the substrate 6 are mechaniéally.

connected together.

. (4) Junction By Conductive Adhesive
As shown in FIGURE 12, a-bump electrode 3 of gold is formed
25. on an electrode pad 2 of a sem:.congluctor device 1.
Thereafter, a conductive adhesive is transferred to the bump
electrode ‘3. Alignment of the bump electrode 3 with a

terminal electrode 5 formed on a substrate 6 is carried out



3 WO 96/ 42106 : .
PCT/ JP96/ 01600 and thereafter the transferred conductive adhesi ve

cures to form a conductive adhesive layer 4. As a result, the bunp

el ectrode 3 and the termnal electrode 5 are electrically connect ed
t oget her, wi tfolhgeonductive adhesive layer 4 5  sandwi PCEIPI6N1600

t her ebet ween. An encapsul ati'ng material is filled bet ween the

sem conductor device 1 and the substrate 6, as a result of which the
sem conduct of S8 GReba8ly! Be SUAM RS ea condudl 1GRl byreonapct ed
together. This ncapsuFa I'ng mat er | ael cures to form an: encapsul ating

| ayer 7, wher efgamn a bondutkivesadhesivkiclayer dovi & al resudt,t the bumstrat e

6 are mechagni cal Ly cannect e her,. PiC e L atd

mat eri al has f%‘?ﬁﬁf&éﬁt Igoﬁ"gs”s}g?ﬁ |€ﬁﬁt"§9\%é'r f‘?éﬁcgé"éé) ga%lrrees i%?ll'%%%ééibggder
including a cresriectidV thiede QLYY tiesi coditiive adikdQeAQdypsre.phenol
resin (curing agent) and (b) a filler 15 formed of dielectric gartlcles.

The aboveSdes®asbychadeRprabata@en. (/s eprapgulating nageriadis fAadted neir
respective dr YRR the semiconductdt BEFKE0I1AdCEAl! fbstidde §10ak Nave

t he problem at, since their structures have di. tres’in
reduci ng 20 ad=rirtnbf swhizyds theosgeaddondyctir deviter tnand i thee sphatirate

ffici b ' d devi d sub h :
nsui tabl & 1 or® A MACPROYEERNE: BORBRHERE | rPSrs.| | (i, Snbepeplahfid

over-a wde raagerdblt eifPesatsr Eorm an encapsulating layer 7, whereupon

10 . . the semiconductor device 1 and the substrate 6 are
'mechanically connected together. A typical encapsulating'
materi;al has a composition essent"ially formed of (a) a resin
binder including 'a cresol NOVOLAC type epoxy resin and a
NOVOLAC type phenol resin (curing agent) and (b) a filler

15 . formed of -diele'ctric- particles.

.The . above-described packaging techniques (1)-(4),

however, have. their respective drawbacks.

The packaging technigues (1) and (2) have the problem

that, since their structures have difficulties in redﬁcin'g

20 thermal stress produced. by the d:l.ffe:;:'ence in expansion
coefficient between semiconductor de_\'rice and substrate, they

are unsuitable for _applicétions whére connection étability is

required over ‘a wide range of temperature.

Next, the packaging technique (3) is discussed. The

25 packaging technique (3) employs an anisc;trop:l.c conductive
ad!;es':l.ve that contains a resin binder formed of a‘ xresin
material with high flex;bility, thereby making it possible to

4



Next, the packagi ng technique (3) is discussed. The 25 packagi ng

techni que (3) enploys an ani sotropi c conductive adhesi ve t hat
contains a resin binder fornmed of a resin material with high
flLexibility, thereby making it possible to o

4 wo odi21 &5/ 42106 PCT/IP96/01600

PCT/ JP96/ 01600 reduce thermal stress. In spite of such an advantage,
t he hygroscopi ¢ of the resin binder increases and the packagi ng-
techni que (3) suffers t he roblenlof connectlon ility un de

condi tions of TRAYREhEHE ?g STregRy t ih qﬂggf?“ aeXeREgERy the

techni que (3) hyhtokSopfESbe! tnd qzers&ausgnaaﬁr mm:reases siid &he B acﬁa%;mg ng
t he thermal expansion coefficient of the bi nder with that of

seni conduct or techhégue §34 ﬁpﬁﬁeFﬂathe probdem; pf §@@§FF§§@nGSthﬁ%#§Y a
filler having Wb fic

| ar ge anount suggégt ha?ﬁaggkngor?ﬁe% on ‘&P'd:jbcﬁ'lf | tyhg‘?lﬁ]%‘%lg&t age S

l'i kel y td5be packagingatiedhnique (3), itFisabb;sibhe packaguog thehnanue
(4) is dlscussed Thj ackagi hni to reduce
thermal stres§tH§ss by m%F?RﬁéhuﬁﬁFvgggﬁﬂﬁileﬁg £94 g

mat ching the g9ndethpieRtHRtP¥ESELRE é‘éiﬁfédrﬂtﬁﬁbzo&e{rﬂéeeﬂ%@ H&%h' Eﬂat

mat eri al with that of the sem conductor device 1 and with that of the

substrate 6. oBcthessubstraks Gn aevaneagea fﬁblepﬂadmgingga low themmaljue

(4) appears t éﬁ% 9@g§¥ er I ng

t echni ques. gﬁgsngyga éfi e%%g?%g echni qué (i?rgﬁomevekg’hagagﬁgg

foll ow ntfp - connection reliab:!.lity at the early stage is likely to be.
degraded.

Finally, the backaé:l.ng technique (4) is discussed. This
packaging technique (4) is able to reduce thermal stress by
. a conductive adhes;l.ve with flexibility and by matching the
15 thermal expansibn coefficient of the encapsulating materiai '
with that of the semiconductor device 1 and with that of the
substrate 6. . Because of such an advantage, the packaging
technique (4) appeérs to be most attractive as compared to’

the other packaging technigues. .

20 The packaging technigue (4), however, has the following
drawbacks. The previously-described encapsﬁlant, which is
formed of a mixture composition of (A) a cresol ﬁOVOL:l\C type

. epoxy resin and (B) a NOVOLAC type phenol resin, has a high
viscosity coefficient. Additionally, matching of thermal

25 expansion coefficients requires a h;gh proportion in contént
of a filler in the encapsulant, resulting in increasing the
viscosity of the encapsulant. Therefore, at the time of

£illing such an enéapsulant between the semiconductor device



dr awbacks. The previously-described encapsul ant, which is . fornmed of a
m xture conposition of (A) a cresol NOVOLAC type epoxy resin and (B) a
NOVOLAC type phenol resin, has a high viscosity coefficient.
Additionally, matching of thermal 25  expansion coefficients requires a

hi gh proporti (w%mzmnt ent of a filler in the encapsul@iispedidisdsl tiNg
I n increasing the viscosity of the encapsulant. Therefore, at the

time of filling such an encapsul ant between the sem conductor device

5 [ 42

PCT/ JP96/ 01600 an\éo %geah%‘gé?n%rasﬁ St rjfa{:t e,bef:fmgsécor?r%csesnseaggssg?y f%aﬁeaifh;et he
encapsul ant up démecap8ulntiag ars 70e80i degrses cemtigrade rar ubre to reduve
viscosity. This.resylts jn po productjvity. Further at_the time of
the encapsul ant®8 I"F'Fﬁfiﬁbhd (’:’tj‘isvﬁes“#s #%P@Pﬁoﬂﬁ%‘i‘??ﬁ??%y Per ged
by thermal stress mHIUQQheDY of the ! NéhcdpilaRt @XDANSHON clhdbhSERRCe

when tenperature 1is I ncreased, thereby reduci ng connection
reliability. interconnectigng mavobedanaged by thermalbstrrss produced by

D e ke,  therhEy 'SEHolLel, | Sad HIRACESGHbL" binBlrltled 1o

pol yepoxi de the 10 ~ VI SCoOSI I's very | ow at

t enper at ur e andncreased( Bbhearelyc irkdncingr cdenedtiion eatiabpbiygpoxi de" is a
gener al termfor epoxy resins and/or epoxy conpounds. However, if a
| arge quantity of a filler is added to such a resin binder - for the
pur pose of reduci ngOnhthe lnbhexl hepgansime@sin binder as an encapsulant may .

. be used which is formed essentially of (A) a polyepoxide the

10 ~viscosity of which is very low at normal room temperature and .
(B) an acid anhydride. Note that "polyepoxide” is a general
term for epoxy resins énd/or epoxy compounds. However, if a
large quantity of a filler is added to such a resin binder
~ for the purposé of reducing the +thermal expansion
15 coefficient, this will hold the viscosity of the encapsulﬁnt
low but increase the thixotropy index.  This produces the
problem that the encapsulant is unable to enter between the
semiconductor device and the éubstrate, or the .problem that,
even if the encapsulant manages to enter, such -entrance is
20 accompanied with a great number of air bubbles. The presenée
of such air bubbles in the encapsulant contributes to'non;
uniformity in, for example, thermal expansibn'of the cured
encapsulant. Connection reliability is reduced. For this
reagon, it has been considereé impractical to use a resin of

25 polyepoxide and acid anhydride as a binder.

DISCLOSURE OF THE INVENTION
Bearing in mind the'above-described problems with the
prior art techniques, this invention was made. Accordingly



15 coefficient, this will hold the viscosity of the encapsul ant | ow
but increase the thixotropy index. This produces the probl emthat
t he encapsul ant is unable to enter between the sem conduct or devi ce
and the substrate, or the problemthat, even if the encapsul ant
manages to enjaRyoeudidgg entrance is 20 acconpani ed with a gicvpeguigtacr of
air bubbles. The presence of such air bubbles in the encapsul ant -
contributes to non- uniformty in, for exanple, thermal expansion of

the cured

| . Co ' | i il ' d d F hi
reagon, it has abggﬁgg%#s%iﬁ%ﬁ Qﬂgﬁe‘cfé]"&eiﬁ%n{tggbgéhﬁiéésiﬁ g‘ge"ﬁ%"f‘{e ‘an °

pol yepoxi de angdmpsbved dandcondudtos WniE@ackage and associated packaging

DI SCLOSURE OF THE | NVENTI ON

probl ens wi th BREhod capahlie,0f; achigvhng iieh qanneqtipenredhehiliternd

Bearing in mnd the above-descri bed

Accordingly : . 42106
PCT/ JP96/ 01600 19" PO E" ob) setor nttﬁgsp?gsgﬂ? PRventT oﬁn‘lygs?“?l?“
provide a® invegtigated eriheondduivationt ofackhge sharacteristics of
packagi ng C bl f | evi.ag hi gh connecti retiagbjlity and
hi gh producti v‘lr%ggé% [ %%ntg?g’f%&?éi 6‘?‘ g’e‘n?n ??ﬁ/se%?'_fyon o%g of:éain:ﬁ.ngy

i nvestigated désirdble eatapsubéting charactkerestics OFf fafllers. IC $€QD LY
and thixotropy, index necessary for obtaining desi rabl e encapsul ati ng
charact er i st1 (BeoPotefl Ehet | pqlyespride is a general term for epoxy

10

resins and/or epoxy compounds.

Py

The inventors of this invention found out the fact that
the reason that conventional materials are unsuitable for arn
encapsulant lies not only in viscosity but also in th;i.xotropy
index (high thixzotropy index). For example, for the case of
resin binders con'i:aining‘ polyepoxides and acid anhydride_é,
the inventors of the present invention found out that ‘the
flbwe'nb.ili_ty is impeded by interaction between free acids in
the acid anhydride and polar groups at the surface of a
filler. From this knowledge found out by the present
inventors, the following means are provided to achieve the

object of the present invention.

More specifically,  in accordance w,ii:h the present
invention, a composition, the viscosity and the thixotropy of
wh:l.qh are below 100 Pa‘'s and below 1.1, respectiw;ely, is
used as an. encapsulating -material in the flip-chip bo;xding.-
This composition cures to form an encapsulating layer by
which a semiconductor-de_vice and a _sﬁbstrate are mechanically

connected together.



be noted that "polyepoxide" is a general termfor epoxy resins and/ or

epoxy conpounds. 10 The inventors of this invention found out the
fact that t he reason that conventional materials are unsuitable for
an encapsulant lies not only in viscosity but also in thixotropy

I ndex (high twdgg;éﬁgy index). For exanple, for the case of pcr/spesniéddi.n
bi nders cont ai ni'ng pol yepoxi des and acid anhydri des, 15 the inventors of

the present invention found out that the fl owabi | i ty i s inpeded by

i nteraction between Lr ee aC| d |{1n t he aci % anhydr i d oI ar oups
at the surface of a VeRELRD REEVRSSR & gge‘?‘

present Wgagershatl‘mﬁpiﬂmmg nmeans are pI’OVI ded to achl eve the
20 obj ect of the P ssent ve i Qn. pecifically, in
accordance with the'PreFRMICO qtﬁ'?r'eﬁ?ﬂﬁe ‘éa‘ﬁ’dﬁ)(?é? gRtredr RAdSosity

and the thixotropy ph) a sumxre&eamv@ﬂ 0¥/ {8 ftal eledidols) ow 1. 1,

respectively, is used as an encapsulating material in the fllp'chlp
bonding. 2%  This tekpapdiwtipoelecteede Edmmed an the spbadiaidegpadyef the
whi ch a sem conductor. devi c;ev%nd a substrate are nechanically:

connect ed t ogefRBFeOoRductor 7
WO 96/ 42106 (d) a conductive adhesive layﬁcwm/i@l%ned of a

conductive adhesive with flexibility and which establishes an
electrical connection between the bump electrode and the
10 . . terminal electrdde; and | )
. (e) an encapsulating layer wh:i.ch is formed by curing a'
composition having a viscosity of below 100 Pa°* s and a
thixotropy index of below 1.1 and which fills a gap defined
between the sémiconductor device and the substrate in such a
15 . way that the semiconductor device and the substrate are
mechanically joined together. o

The encapsulating layer, which mechanically joins a
semiconductor device and a substrate, is formed of an
encapsulant, which is in the state of liquid in a pack.,agin‘g

20 step and which has not only a low viscosity coefficient of
below 100 Pa‘*s but also a low. thixotropy index of below-. 1.1.
As a result of such arrangemént, in a packagi;ig step, such an
encapsulant readily flows and spreads, even’ i.n1.:o tiny gaps
with no air. bubbles. The femperature of £filling may be
25 decreased.” These arrangéements niake it possible to improve
not only electrical connectien re;.iabilit.y (e.g.,
semiconductor device-to-substrate adhesion, and resistance to

thermal shock) but also productivity.



The present invention provides a sem conductor unit package t hat

conpri ses: (a) a sem conductor device having an el ectrode pad:
(b) a substrate having a termnal el ectrode; 5 (c) a bunp
el.ectrode fornmed on the el ectrode pad of the sem conduct or devi ce;

(d) a conductW‘ﬁ sive layer which is formed of a PCT/IRIGOL600
adhesive with exi bility and which establishes an ‘el ectrical
connecti on between the bunmp el ectrode and the 10 term nal el ectrode; and
(e) an encapsul ati | gyer 1S5 f b uri co n
havi ng a vi scosi tyggf %_ v#% ae%s gﬁ?@ ¥ns tc%?l}?gts%gjﬁ?/nl nggﬁéié%t%el ow
1.1 and whi chegsb_hﬁ;.almpoﬂe(AMed resin etndsen thed somtedndust oleaiside and
the substrate in such

th th d
substrate arePol Yep%‘&ﬁ%.ﬂl &l | Jb8f‘§ ﬁctg%‘%t CO%Yaoid oVeS @le&&ﬁ

encapsul ati ng mbay gier\hasd m&%ulﬂngoaaesaerator, s qandaceplleevi ce
and a substrate, is formed of an encapsul ant, which is in the state

of liguidSin &bpacid®i AETREd of of MPIATITHhBatRFia)y yand| dhak sEbRity
coefficient o é:pg‘f. ﬁ"ﬁi akgo BT ol M 0
bel ow 1. 1. frheg\]s'ogpr esa\q’t suc g?‘rsalﬁgejﬁgﬁté&&ﬂjh éagpac iggyﬁseggé%,ésuch
an encagrebamtid cadithe ahbydridel ofpthedsarhoryliicnacidiand gapelar
with no air. bubbles, .The te era tgx #{,{ly ling my be 25 decr eased.

t

These arrange@EAPR AtikENe (S not only
el ectrical connection reli ab_| I ity (e.g., sem conduct or

devi ce- t o- subst rat g aghes| 0., ALY £ Sh'hddlogy nod1FLR c3HeEs bU!

al so productivity. _
10 substance capable of selective adsorption of the free acid in '

the anhydride of the carboxylic acid.

It is preferred that the rheology modifier is a Lewis-

base compound.

It is preferred that the rheology modifier is either a

15 :t:ertiar.;y amine compound, a tertiary phobhine compound, a
quaternary ammonium salt, a gquaternary phosphonium salt, or.

a heterocyclic compound that contains in a cyclic chain

thereof an atom of nitrogen.

As described abovs, . the encapsulant is formed

20 essentially of (A) an acid anhydride-cur:l.ng'type epoxy resin
and (B) a material having a low thermal expansion coefficient

" (e.g., a dielectr:.c material). This arrangement re'duces'
thermal stresses ' applied +to the encapsulat:l.ng layer.
Additionally, +the rheology modifier used is a rheology

25 . modifier opsrable to- impede interaction between a free acid
. in the acid anhydride and a polai: group at the surface of the
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It is preferred that the conposition consists essentially of (A a
resin binder that contains at |east a pol yepoxi de, a carboxylic
aci d's anhydride, .a rheol ogy nodi fier, and a |l atent curing oL
accel erator, apgoélosd filler 5 that is forned of a di el gatwiposorsgoeri al, .-
and that the rheol-ogy nodifier functions to inpede interaction -

bet ween a free acid in the anhydride of the carboxylic acid and a

pol ar gro t the_syrface of .the filler,. [t i referred
that the rheol %gglilﬁ‘ﬁdiaf‘flea’em aPndoy HPECoSAs (REFICISES ea'ﬁf ge‘liggtive
adsorption of thexbtespydindeixncan bet &e¢hiededlr i de of the carboxylic acid.

It is preferred that the rheology nodifier is a Lew s- base conpound.
It is preferred that the rheology nodifier is either a 15 tertiary am ne

conpound, a tertiar¥tphospheferomirpthetl, the anhydumjdet afathe avaxboxylieal t
a quaternary phogphoniumsalf.; .or a heterocyclic conpound,that

Contai ns 1 a EGLRien ehe Fesin Blnder.GeRteiog o LreRt bgORYaride Of an  aq
descri bed sabovg; jép@1 N GAgyl ant is formed 20 essentially of (A) an acid
anhydride-curing type epoxy resin and (B) a material having a |l.ow
-thermal expansion coefficient (e.g:, adielectric material). Thi s

arrangenment reducesrt is !pE#E¥red! tREECSthe? PBbi&bird aw&?v]cf{@aaéiha“ ng
| ayer. Additionally, the rheology nodifier used1s a rheology 25

nodi fi er oper aprydpidepegentaiagactdbn baagien 8nfrcanhydride of a
trialkyltetrahydrophthalic. acid. '

The characteristics of alicyclic acid's anhydrides with
10 low water absorption are utilized to give the desirable
resistance of resin binder to moisture. Additionally, the
viscosity of thé reésin binder which is in the state of liquid
. in a packaging step is low, so that encapsulant filling can

be -finished in a short time. The costs of production can be

15 cut down.

It is preferred that the bump electrode of the
semiconductor device is a stud bump electrode with a twd
stepped protuberance.’ '

Such arrangement rﬁai:_es it possible to increaée the

20 . density of bump electrode. When mounting a semiconductor
" devite onto a substrate, densely-placed bump eleétr‘odes of
the semicohductor device' and términal eiectrod_es on ‘the
substrate are electrically connected together. Subsequently,

an encapsu:!.ant havir.xg' a 1o-w viscosity coefficient and a low

25 thixotropy index is employed so that it can readily flow and
£i11 a gap defined between the semiconductor device and the

10



in the acid anhydride and a polar group at the surface of the
9 WD 96/ 42106

PCT/ JP96/ 01600 filler and hence a | ow viscosity coefficient and a

| ow . t hi xotropy i ndex can be achieved. It is preferred
that the anhygsbglggf the carboxylic acid in the resperirogdrne
contains at |least an anhydride of an 5 alicyclic acid. -t
is preferred that the foregoing alicyclic acid anhydride contains
at | east an anhydri de I kyI t et rahydropht hal i c aci d.
The char act er S4PpETage- alﬁ‘%y%l‘f"ts‘ﬂﬁ degeﬁnFI?dPiﬂlés WY f@“‘igPBWﬁE?Er

absorption ar gnéts! | Z@deberdbus taaddemhqcal conhB&t$6:81Cepetwedsi N
bi nder to noisture. Additionall viscosity of the resin binder

which is in t semicondugtor| qéﬁUXce anfln syhstirageng anep fmprayed soirhat

encapsul ant f be finished in a short tine. The costs  of
producti on ca#gegg% f‘e%ut down It is preferred that t he bump

el ectyode of the seni conductor device is a stud bunp el ectrode with a
t wo stepped ppRLURSLABAE  invention provides a semiconductor unit

packaging method wherein a semiconductor device having an
electrdde pad is mounted on a substrate having a terminal
electrode. More specifically, this method comprises: .
(a) a first step of forming a bump electrode on the .-
10 electrode pad of the semiconductor device;
(l;) a second step of appl:fing a conductive adhesive
around the tip of the bump electrode;
(c) a third step comprising: |
performing aiigxment of the bump electrode and the
15 terminal electrode; .
' placing the sem:j.oondt'zctor device onto .the substrate; and
establishing, through the conductive adhesive, an
electrical connection between the bump electrode and the’
terminal electrode; | .
20 (d) a fourth step of preparing an- encapéulant formed of
a composition the viscosity and thixotropy index of wh:!.ch are
below 100 Pa*s and below 1. 1 respectively; _ '
(e) a fifth step of :Eill_ing a gap defined between the
- semiconductor device and the substrate with the encapsulant;.
- (£) a sixth step of curing +the encapsulant to
mechanically joint® the semiconductor device and the

substrate.

11



Such arra'ngerrent makes it possible to increase the 20 density of bunp

el'ectrode. When nounting a sem conduct or device onto a substrate,
densel y- pl aced bunp el ectrodes of t he sem conduct or device and .
termnal electrodes on the substrate are electricatly connected

t oget her. Sub Dok Y an encapsul ant having a | ow vipganeeédoiéon
coefficient and a Tow 25 thixotropy index is enployed so that it can -
readily flow and fill a gap defined between the sem conductor device
and the 6/ 42106

10 WO
PCT/ JP96/ 01600 ~  Sing®sithg: gncapsylppt hes Rak, ‘P‘i‘ﬁ%iﬁh-’ﬂ’é’ns‘(’? os

sem conduct or goerEfibiént Cb£ChelowR! 1800 FECHaBIEaR166N B Tow NEhlwed tisiy
sem conductor device and substrate are inproved .in reliability.
5 The piedest ofnRekawbnlokovthds Hekesi dohdersHibish for such an
packagi ng nmeth | ' g ¥ i Q. a de
pad i s nount edggﬁ &ré%larg% ?iart??nﬁg\%?% Egat%?ﬁ{ngcf Lo ge g%?r%%e%%ér%@'
specificaldy, ekea imetdckinyogppssesbth no air bubblés.a fThestespepatiird @fi ng
a bunp electrode_on the 10 e] ectrode pad of the seni condyctor device;
(b) a second sf“éﬂ)fﬁ?gaﬂﬁyyiﬂﬁ SFTRTEC ve EEi v%rrange"ﬁngﬁndm?]ﬁ% &% of

the bunp el ectpgggible to’ impFbva ! hHidtd COgPéctik@l connection
perform ng alignnent of the bunp electrode and the 15 -term nal

el ectrode; reliabillwici n(Pithe serfamifandusitogeyi devipevtetrubstiratent e;

and adhesion, and resi'i:ance to thermal shock) but also

10 . . productivity, and to shorten the packaging time.

It is preferred that the comi)osition of the fourth step’
consists. essentially of (A) a resin binder that contains at
least a Ipolyepo_xide, an anhydride of a carboxyiic acid, a
rheology mod:l.fier,' and a latent curing accelerator, and (B)

15 a filler that is formed of a dielectric material, and that
the r-heolggy_modifie_r functions to impede interaction between
a free acid in the carboxyl-ic" acid's anhydride and a polar
. group at the surface of the fi'ller.' ’

Such arrangement makes it possible to reduce both th'e

20 viscosity and thixotropy index of the encapsulant in the

£ifth step. Additionally, the encapsuiant is formed

essentially of (A). an acid anhydride-curing tirpe epoxy resin

and (B) a material having a low thermal expansion coef:f;cien't;

(e.g., a dielectric material). - This arrangement reduces

25 thermal stresses applied after the gackagit.{g to .the
encapsulating layer. - | '

12



establishing, through the conductive adhesive, an el ectrical
connection between the bunp el ectrode and the termnal electrode; 20
(d) a fourth step of preparing an encapsul ant forned of a conposition
the viscosity and thixotropy index of which are bel ow 100. Pa 's and
below 1.1, regg8ehieg! V; (e) afifth step of fil beRorodofsdd
defined between the sem conductor device and the substrate with the .
encapsul ant ;. 25 and (f) a sixth step of «curing the
encapsulant to | Vi 401 ' o] ' and
enc Lol 1t 10PPRaRLEALA Yend Didis il b ibRSHEE Obontifite

PCT/ JP96/ 01608ubstance, whiShneetshelsacassd acirimy actelmdator |foxr a

Vi scosity coefficie of bel ow,100 Pa' s but al so | ow 1 hi xot r opy
'ndex_of  bel ofiPibie-eld quauy repiocFEPe sRreRtiPaly Y suchie FRRfen: in
a packagi Nng shbuh® dL1d prevent thedstibseamtce from B¥RIbiHinY ik8Yc Wi th

no air bubbles. The tenperature of filling may be decreased. hese
arrangeneht s fuR@tien. possible to inprove not only electrical

connecti on reliability (e.g., sem conduct or devi ce-to-substrate
adhesi on, and resistance to thernal shock) but also 10 productivity, and

to shorten the pacRIRR RFTagenen controls an encagslantcdnt aueh (hovay
conposi ti on O{:h&f'@l:l'fé)ﬁh&ap§ﬁﬁﬂxllt does ROESstd: BR9RY! Bet eeS{ Fﬁé)%‘f‘"g‘%' n

bi nder that contains at east a pol yepoxi de, an anhy _
carboxyl i ¢ acstep &#nd ther Fifthgstemanti s, curefl dnl thersixtl stgpacdtesr at or,

and (B) 15 [ L] at . LS,.f d_of.a dielectrjg material, and that
t he rheol ogy-%"o%élc* iig'l; #%n%%%%ﬁsgﬁégﬂ rﬁ)gagogﬁ%r%é#%ﬁroéﬁ/\}s%ﬁémrate _
10 into an encapsulating resin layer's network structure. This -
eliminates the possibility that addition of a rheclogy -

modifier reduces resistance to heat and resistance to

moisture.

It is preferred that the anhydride of the carboxylic
15 acid in:the resin binder of the fourth step contains at least
an anhydride of an alicyclic acid.

It is preferred that the alicyclic acid anhydride of the
fourth step contains at least an anhydride of &
trialkyltetrahydrophthalic acid. '

20 Since an anhydride of an alicyclic acid-is low in

viseosity as well as in water .absorption, time required for

' filling of an encapsulant in the sixzth step is reduced‘, and
resistence i:o moisture is'enhanced. ;

It is preferred that the bump electrode of the first
25 step is a stud bump electrode with a two stepped

protuberance.

13



a free acid in the carboxylic acid 's anhydride and a pol ar group at
the surface of the filler. Such arrangenent makes it possible
to reduce both the 20 viscosity and thixotropy index of the encapsul ant
in the fifth step. Additionally, the encapsulant is forned
essentially
mat eri al haV|ng a ?om/thernal expansi on coefficient (e.g., a
dielectric material). Thi s arrangenent reduces 25 thermal stresses

applied after thel§§$ckaggpgmeng enggies the BISAPSULAL 1RGNt of

12
PCT/ JP96/ 01600pump electrodes) ishdr eher ienibapsalahbp HRhOgYs Midif i £n
contains a subst ance, which acts also as a urlneﬁﬁgxﬂerator for a

doubl e- 1 i qui d eiReeFItEsias Meld &% 4P FRARPtTRDY ly spreadsiynt
as to prevent %{@,%}i&% 05 bhpd Gefidid Hadtweeh EHEI aQnse.ﬁr-plfaUzaﬁt heap

Such arrangene controls an~encapsul ant in such a way
encapsul ast doemeatnpdaﬁaandcuerngntkneﬁagtHQGQSfoﬁrthe Substra$88p aAd ahe

fifth step and is cured._in th i xth_ ste red i-n_the SIXth

step, a rheol coRFH f i HeqEE ﬁiqrﬁﬂ?at@gchanfeal connections betuwe
semiconductor: device and substrate - are improved in
reliability.

. It is preferred that in the fifth step the encapsulant
10 ‘ds injected@ between the semiconductor device and the

suhstrate at room temperature.

Such arrangement achieves a reduction of the thermal
stress thereby impi:oving_ resistance to thermal shock. As a
result, a semiconductor unit package with improved electrical

15  connection reliability is achieved.

It.is preferred that in the fifth step the encapsulant
is injected between the semiconductor device and the

substrate under a depressurized cond;tion.

Such arrangement not oniy achieveg an  improvement in
20 productivity but also provides a semiconductor unit package
with improved electrical connection reliability.

It is.preferred that.in the fourth stéb the composition
of the encapsulant is prepared by providing a mixture of an
anhydride of a cari:c;xylic acid and a part of a filler,

25 subjecting the mixture to an aging process, and
adding a polyepoxide and the remaining filler to the mixture.

14
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10 Into an encapsulating resin layer's network structure. This

elimnates the possibility that addition of a rheol ogy nodi fi er
reduces resistance to heat and resistance to . noi st ure. I t
is preferred that the anhydride of the carboxylic 15 acid in the resin
bi nder of th 5%;45,96 step contains at | east an anhydr ipgg/3pd6/0t6e0
alicyclic aci It is preferred that the alicyclic acid
anhydri de of t he fourth step contains at |east an anhydride of a
trial kyltetrahydrophthalic aC|d nce an anhydride of an

b oyelicoacid i s PhRA reeult f; sudh; epransemant. o4 AR RAFLPR CBRTHeRN an.

time required ¥pge acid bhill ANSoDdr Hrctilr ABSELAL dKed Ne Thi X! Hcﬁi&neg %n
reduced, and resi stance to nolisture i s enhanced. S

preferr ed t hat epcrPiARte | having caoflophvisgopityy ;and spe oy sthia'&om
bump electrodfhd%$§h a two stepped pr ot uber ance. .
13 96/ 42106 ‘

PCT/ JP96/ 01600 Such arrangement enabl es the high density

pl acement gof AR §REadas thagd ther gs;aag' i Y8V Clordtadn@Wa N
viscosity as well as in thixotropy In rea preads, even into
tiny gaps def |smstmtqseeapahkedﬁlsenpcph.uee§ﬂ9mnm:ion of the free acid in -

the anhydride:of the carboxylic acid.

. As a result of such arrangement, a free acid in an acid
‘anhydride is selectively adsorbed by a rheology modifier;'
10 whereui:on intéraétioﬁ between free acid and polar grdup is
impeded. This achieves an encapsulant having a low viscosity

and a low thixotropy index.

It is preferred that the rheology modifier is a Lewis-

base compound.

15 . It is préferred that fhe rheology modifier is either a
tertiary amine compound, a tertiary phosphine compound, a
quaternary ammonium salt, a quaternary phosphonium salt, or
a het;arocyqlic compound that contains in a ecyclic chain

thereof an atom of nitrogen.

20 " As a result of such arrangements, interaction: between

.' ..free' acid and polar group is mpeded. This achieves an
encapsulant having a low wviscosity and 'a low thixotropy
index.

. - ' The bresent invention provides. an encapsulant for

25 filling a gap between a semiconductor device and a substrate

15



5 electrodes and termi nal electrodes of the substrates. As a
result, electrical and nechani cal connections between

sen conduct or
reliability.

device and substrate are inproved in
It is preferred that in the fifth step the

encapsul ant I njected between the sem conductor pgexbssieodn
t he substrate at room tenperature. Such arrangenent
achi eves a reduction of the thernal stress thereby inproving

resi stance to
wi th inproved

t hermal shock. As result, a,senjcaonducto un| ackage
£0% ¥Fe 3P The RASKASNGO P, of | BBFIFRRAYGEST, Hf L

It is preferreghddiauiiantt! E&s&hﬂ&lﬁ}%ﬂé}%@%@sul ant is an ecte
bet ween the sem conductor device and t substrate under a

depressuri zed condi(®)oa.resin binder tl&ﬁ:woa‘ﬂ?ﬁéﬁgeﬂeﬂﬁaﬁﬁta aalyepemidees an
[ t 20 t
| nprovenent i n I@;Qﬂﬂ%k"& az SO Y1 d e§ %chggﬁ W‘ﬂteg HAs

package

oved el ecirical® ¢onnection

It is preferr ml ]Idtahtl cuting famnd]]eratbap Where:tmpbhal webght percemftagbeof

encapsul ant

d ) di f h d
car boxylic a::? ";e&asr&’e‘pagg %‘Foj\a%l iy %§5¥£§%%tﬁfagf?’ﬁga?%%n %%t%:ir A

agi ng process,
the m xture.

and (p) a addizes aHa) m@o%ﬂ@dar& '@%ie@.@aﬁi"i&g thlaL-sal

96/ 42106

PCT/ JP96/ 01600¢herein the weight percentage of the filler is within the

10

20

range of from 20% to 75%;

d

d

t

f a
0 an
to

wherein thé rheology modifier functions to impede.

interaction between a free acid in the anhydride of the

carboxylic acid and a polar group at the surface of the

filler.

Since the ent:apsulant has not only a low viscosity
coefficient of below ‘100 Pa‘*s but also a low thixotropy

index of below 1.1, this makes it possible for such an’

ericapsulant to readily flow and spread, even into tiny gaps

with no air bubbles. The temperature of filling may be

lowered. Additionally, the latent curing accelerator ensures

the storage stability of the encapsulant and practical curing
accelerant function. These arrangements make_ it possibie to
improve not only e.fl.ectrical' connection reliability (e.g.,
semiconductor deviee-to-substtate adhesion, and'resistance to

thermal shock) but also prbductivity.

It is preferred that the rheology modifier contains a
substance capable of- selective adsorption of the free acid in
the anhydride of the carboxylic acid. -

16

-



As. a result of such arrangenent, interaction between a free acid and
a polar group is dimnished. This achieves an encapsul ant having a

| ow viscosity and a | ow thixotropy _ index. - 5 It is
preferred that the rheol ogy nodifier contains a subst ance capabl e of

sel ective adsg.b%,hﬁasof the free acid in t he anhydri decrSheghoiéo
carboxylic acid. As a result of such arrangenent, a free acid

in an acid anhydrlde i s selectively adsorbed by a rheol ogy nodifier,

10 whereupon intera tlon etween free acid and polar group is
i npeded. This achi &¥eds ‘%Eﬁ:%ﬁ?ﬂll%t R Fhegl P%"%Rdsk%ﬁ”[ ¢S a Lewis-a | ow

t hi xot ropy i nghase compound It is.preferred that the rheology nodifier is
a Lew s- base conpound. 15 It is preferred that t he rheol ogy
nodifier is either a tertiary am ne conpound, a tertiary phosphine

conmpound, a ‘giat fsnpreferved ithats the, rheqUodE MsTNFigR0SBNaRHET S t
or a heterocyclic c ggound that contains in a cyclic chain
thereof an at SRFGERYt P compgund, a t%tiamsawsﬂi%%cﬁow¢miben%nts

11201191 DelRitnery bkl it oDglate D b RS ol or

achi eves an encapsul ant having a |
i ndex. a heteripeycildce worpound: i thatpr contieins atn eac agg@eliant chain 25

filling a gaptm%gn£ é@éﬂ' %(%n(rj&%trgrgeg?vi ce and a substrate

- The encapsulant is formed essentially of (A) an acid
‘anhydride-curing type epoxy resin and (B) a material having -
10 a low thermal expansion coefficient (e.g., a dielectric-
material). This arrangement reduces thermal stresses applied
to the encapsulating layer in a semiconductor unit package to
_be formed. Additionally, the rheology modifier used is a
rheology modifier operable to impede interaction between .'a
15 free acid in the acid anhydride and a polar group at the
surface of the filler and hence a low viscosity coeff:.cient

and a low thixotropy index can be achieved.

It is preferred that the anhydride of the carbox.ylir;
acid in the resin binder contains at least an anhydride of an
20 alicyclic acid.

It is preferred that the aforesaid alicyclic acid
anhydride ~contains at least an anhydride of a
trialkyltetrahydrophthalic acid. '

The ch_aracteritics of alicyclic acid's anhydrides with
- 25 low water absorption are utilized to give the desirable
resistance of resin binder to moisture. Additionally, the

17



WD 96/ 42106 PCT/ JP96/ 01600 for
use in the packaging of a sem conductor unit. This encapsul ant
essentially consists of: (A) a resin binder that contains at

| east a pol yepoxi de, an anhydride of a carboxylic acid, a rheol ogy
nmodi fier, andwdeguzidg! at ent curing accel erator wherein the wergbdéoicoo
per cent age of the resin binder is within the range of from 80%to-
25% and (B) a filler that is formed of adielectric mat eri al

wherein the weigh erce fidler, i r of
from20%to 75% 51.'82 £§ é‘f q:\(\?\’nergéls}ﬁ'b ié‘dr eo?i_éh gl f | er tl?ﬁ‘& ?Sn]?]q%g'd

i npede | ntiey acpacm@tgmepa ifer aowacsd that iaaﬂsnclandefﬂilidya can
carboxylic acid and a group at the surface of the filler.

Si nce the encaﬁ?uféﬂ’l's’g%% e FHOFT HER: vi RO Fe5Es oF ragkpeing gan be

bel ow 100 Pa's gt a@inso @ | ow t hi xot r opy i ndex of below 1.1, this
makes it possible for such an encapsulant to readily flow and spr ead,
even into tiny gaps with no air bubbles. The tenperature of filling

may be S | over edrt Addpiregadked tl’idi?thatﬁﬁirﬁﬂﬁhﬁﬁrm|ﬁfeafﬂilﬁn%%es 20
the storage stability_ of the encapsul ant and practical curing

accel erant funBFFRREEHeR Stax A%yeneapglenldayidpossi ble to i nprove
not only electrical connection reliability (e.g., sem conduct or
devi ce-t o-substrate_ adhesi on, and resi stance to t hermal shock) but

al so productivity. Sueh arrangement; $agilitates) uniformndispensingy afoshei or
contains a ﬁyén degﬂéfgﬂfaggrgggg%sgl %%y.ghggsg;‘egbg.glgﬂtt BE,f g:gg..am d-

in t he -an
16 ‘manufacture of LSIs.

=

10 It :I_.s preferred that the resin binder in the encapsulant
has a composi't;ioﬁ wherein: - '
(a) the Mibal equivalent ratio of the anhydride of
- the carboxylic acid to the polyepoxide is within the range 6f
:Erom 0. 8 to 1.1;
15 . (b) the weight percentage of the curing accelerator to
the entirety of the resin binder is within the range of :Erom-
0.3% to 3%; and
(c) the ﬁeight percentage of the rheology modifier to
the entirety of the resin. binder is within the range of from
20 0.02% to 0.3%.

. The present .:i.nvention provides an encapsulant for
filling a gap between a semiconductor device and a subs'trete'
for use in the packaging of a semiconduetor unit. This
encapsulant essentially consists of: '

25 . (A) a resin binder that contains at least a poljreﬁbxide,
an anhydride of a carbogylic acid, a rheology modifier, -and

18
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It is preferred that the rheology nodifier is a Lew s- base
conpound. It is preferred that the rheology nodifier is either
a. tertiary am ne conpound, a tertiary phosphine conpound, a 5
quaternary arygbddsigesal t, a quaternary phosphonium salt, or PCTAPI601680 .
het erocycl i c conpound that contains in a cyclic chain t hereof an -atom
of nitrogen. The encapsulant is forned essentially of (A} an .
acid anhydri de-curin ' LD ' Vi 10
a | ow thernal %ﬂﬁ?é’i oﬁuﬂi'é f%%‘?eglrﬁ%?gg;',ﬁgggﬁ?e eéc?)reli?hq%g{-éa#at er iog? ).
Thi s arr angeneehe readinebihlierntd withedss ¢heapghgedof from 8D% th25%; and
encapsul ating layer, i.n a sem conduct oy upi t ckage to be f.or .

Addi tional Iy, the ifdoi® 'f&ﬁt [ jEqrmell of 8 éﬂ%’o?%"g‘i}“fr&ﬂ‘ﬁrgw%
operabl e to i NpeHR s tHe Gid iPght PerehtagsS of fHiRe MAQIIr. 1d Rathind the
anhydri de and a polar group at the surface of the filler and hence a

| ow vij sco$i ty xandef ofi &mom 20%¥ 5Ad7%%1 ow t hi xotropy i ndex can be achi eved.

It is preferred th a dri : ' . acidin the resin
bi nder contains at %gg?na%nén%?%%?%iel%}ea{%a%%“gk?c?%ri c acid. :

It is preferred thgrovidiaboaesiattohrel of \ari ianhgdrdde of a eakbdzylic acid
contains at | east” an agh?(fr ide of a
trial kyltetratBRf SoRers PE gcfitler: The characteristics of
alicyclic acid s aphpydelctengchE MbxtutdWo \antlaglBgopRbbessAlgnditi|ized to
give the desirable resi stance of resin binder to noisture.

Additi ond@ly, the adding a pélyepoxide and the remainipg filler to the

‘mixture.

As a result of such arrangement, interaction between the
free acid in the anhydride of the carboxylic acid and the
_ polar groxip at the' surface of the filler, is suppressed and
15 the thixotropy index of the encapsulant is reduced. ]

' BRIEF DESCRIPTION OF THE DRAWINGS
FIGURE 1 is a cross-section of a semiconductor unit of:

an embodiment in accordance with the present invention.

FIGURE 2 is a cross-section of a joint of the FIG. 1

20 semiconductor unit.

- FIGURE 3 is 'a cross-section of a emicbnduct'or unit
foméd_ by a stud bump technique of an embodiment in

accordance with the present invention.

FIGURES 4(a)-4(e) are cross-sections of a semiconductor

25 unit at different process stages of a flip-chip bonding

19
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viscosity of the resin binder which is in the state of liquid in a
packaging step is low, so that encapsulant filling can be finished in
a.short tinme. The costs of packaging can be cut down. 5 It
Is preferred uhitle resin binder and the filler are PET/IFAGIOSAD t O
stay as a single liquid.- Such arrangenent facilitates uniform
di spersi on of the filler thereby providing a desirable encapsul ant
for the mapuf acture of LSS 1 | S pref.er he
resin binder SRCPRETHHZHsBTa a:"menlga"is'n aa%%orr’%aéoasﬂhfel o"ﬁﬁ e#l;géli r‘é&astentt

(a) the chem galeptibal ent rati o of the anhydride of the carboxylic
acid to the polyepoxide is within the range of from0.8 to 1.1; 15
(b) the weight percentage of the curing accelerator to the entirety

of the resin bi ndepz¢urB\VS Aisnat Frow aligyram howing steps 3% bOofBLH-ohip
(c) the weight percentage of the_rheolo nodifier to the entirety of
GP%‘P AgRardanas

the resin bi nBepding ke YR P5ngR ety in o J%kth the
The present bgg + Ghodnddighes an encapsul ant for . filling a gap

bet ween a sem conduct or device and a substrate for use in the -
packagi ng of a sem conductfor unit. This encapsul ant essentially
consists of: 25 pIGURE (6) sHowsSthe bg8AsFid Neleritidlni dmptisitdaat o2 a
pol yepoxi de, an anhydri de of a carboxylic acid, a rheology nbdifier,
and bisphenol type epoxy resin in a resin binder used in an

embodiment in accordance with the present invention.

FIGURE 7 shows the generic chemical composition of a-
10 trialkyltetrahydrophthalic acid in a resin binder used in an
embodiment in accordance with the present invention.

FIGURE 8 -is a cross section of a-.conventional
semiconductor unit in which connection is established by a
solder 5uﬂp"é;ectrodé. '

15 FIGURE 9 is &a cross section of a conventional
semiconductor unit in which comnection is established by &

low melting-point metal layer.

' FIGURE 10 is a cross section of a conventional
semiconductor unit’ in which connection is established by
20 "making use of contraction stresses exerted when an- .

encapsulating resin cures.

FIGURE 11 is "a cross section of a conven;ional
semiconductor unit in which connection is established.by an

anisotropic conductive adheéiéé.

20



18 WD 96/ 42106

PCT/ JP96/ 01600 a latent curing accel erator wherein the weight

per cent age of the resin binder is within the range of from80* to 25%
and .(B) afiller that is forned of a dielectric materi al

wherein the Waidiiladegr centage of the filler is within the Pcrirswogeoof
from20%to 75% - wherein the encapsulant is prepared by:
providing a m xture of an anhydride of a carboxylic acid and a part
of afiller; subjecting the mxture to an agl ng process anfl 10

addi ng a pol yepoxi FICHRE t 42 r &fni i rFIeT | SPCELOPHe®

As a result of ggrthrauttbgeiBiat, thNhALaR! oML 4 t&stahushéaeh cad in
t he anhydri de of t he carboxylic acid and the pol ar group at the

surface of theconduative adbgsivessed and 15 the thixotropy index of the
encapsul ant is reduced. BRI EF DESCRI PTI ON OF THE .
DRAW NGS - FIGURE 1 |s a cross-section of a semiconductor unit of
an enbodi ment in accor T MODE, FOR: CARRIING QUE, SHE JNVENTION FI GURE

21s acrgss- Sect'%e%r@eaougmha&me%sF'&r £ng0 rﬁréséntw?mmgi ' "bke

FIGURE 3 I's a cross-section a ,sem conduct or a stud
bunp techni quadesdribed d&yboblkinyg referenceadmorlﬂmcmeompamgpmmng

i nventi on. Fiqures FI GURES 4(a)-4(e) are cross-sections of a

seni conduct or *tIUres.

FIGURE 1 is- a cross section depici:ing a semiconductor
"unit package in accordance with the present invention. E
10 FIGURE 2 is a cross section of a joint of the FIG. 1-
semiconductor unit package. This semiconductor unit package
is formed by a flip-chip bonding method. Referetice numeral
-1 denotes a semiconductor devﬁ'.ce such as an LSI chip.
Reference numeral 2 denotes an electrode pad formed in tﬁe
15 sem:.conductor device 1. Reference numeral 3 denotes a bump
electrode of gold. Reference numeral 4 denotes a conductive
adhesive layer of a composition (i.e., a conductive adhes.;i.ve) :
essentially formed of a special epoxy resin and conduc_tive
powders of, for example, an alloy of AgPd. Reference numerai
20 6 is a substrate, e.g., a ceramic substrate, onto which the
semiconductor device 1 is mounted. Reference numeral 5
denotes a terminal electrode formed on the substrate 6.
) Refe:;eece numeral 7 denotes an encapsulating layer: femed of
an encapsulant. Such an encapsulant is essentially formed of
25 an acid anhydride-curing type epoxy' resin. This encapsullant
7, when it remains fluid, has a thi:_:etropy index of below 1.1
and a viscosity coefficient of 100 Pa*s. The encapsuiant 7

is injected between the semiconductor device 1 and the

21



25 unit at different process stages of a flip-chip bonding

19 _ .

PCT/ JP96/ 01600 t echni que of an enbodi ment in accordance with the
ptesent . invention. FIGURE 5 is a fl ow-di agram show ng .
steps of a fly BWEHI& bondi ng techni que of an enbodi nenPCTAPI&I68r dance
with the 5 present i-nvention. FI GURE 6; shows the generic
chem cal conposition of a bi sphenol type epoxy resin in a resin

bi nder used in od| L0 a t pr. I L.nyention.
FI GURE 7 showdePREwge, & T iy aary. BEEERTHEE 14 'duldhf. PIEGY o7k
trial kyl t et r ahgdeepthael the atnﬂxmtmpy e:mde:bl:lratlelrhejsmﬂem expressed by
enbodi nent in accgrdance W

h . the_pre ent |n entl FILGURE 8
is a cross- ABéPiGrwhese % it?orﬁ‘%n ger‘?\ Sehdthe orianest %J
whi ch connect beaffﬁcféﬂ@bl Babed meatmxotras&dﬁiaéww SRk’ SKéar rate

FIGURE 9 is Cross section conventi onal sem conduct or
unit in vhich ECMQt ionthe mgﬁbldﬁsl?edllzfyea) to 20 di/meci ngspshoun.net al
| ayer. . FIGURE: 10 is a cross section of a conventional

sem conductor unit in which connection is established b
FIGURE 3 -is a cross-section of a sem conductor unit

package. by means of a flip-chip bonding method using a stud
bump electrode. The seémiconductor unit package of FIGURE 3
‘and the semiconductor unit package of FIG. 1 are basically )

ld the same, except that the former semiconductor unit package
employs a stud bump electrode 14 with a two stepped’
protuberance instead of the bump electrode 13. Employment of
a £lip-chip bonding method using a stud bump electrode with
_a two stepped protﬂberance makes it possible to deal with a

15 semiconductor dcvice with a greater number of electrode pads',.
whith is detailed later.

A flip-chip bonding method, which uses the stud l;ump .
electrode 14 .‘o"f' FIGURE 3, is illustrated by making refercnce
to FIGURES 4(a)-4(e) and to FIGURE 5. FIGURES 4(a)-4(e) are‘

20 cross-sections of a semiconduc_tor unit package at different
"stages of a flip-chip bonding method. FIGURB § is a flow
diagram showing steps of the flip-chip bcnding method. The

. . packaging process is described step by step with reference to °
FIGURE 5. |

25 At step ST1, an wire of gold (Au) is cseﬁ to form stud
bump electrodes 14 at electrode pads 2 in the semiconductor
device (LSI chip) 1. At step ST2, a leveling process' is

22



20 making use of contraction stresses exerted whhen an

encapsul ating resin cures. FIGURE 11 is a cross section of a
conventi onal . sem conductor unit in which connection is established by
an ani sotropi c conductive adhesi ve. -
20 wo 96/ 1P 6/ 42106 _ PCT/JPY6/01600

PCT/ JP96/ 01600 . FIGURE 12 is a cross section of a

conventi onal sem conductor unit in which connection is established by

a conductiMe NGst Vand each stud bump RASEUYOEE AR CHRPrelSe@UT
THE | NVENTI ON Preferred enbodi ments of the present invention are

descri bed by ragaingt af teeal ssunfage socthAbathe deading Ayds of fhegtud
FIGURE 1 15 3 S $138ekhals I£R' 614 Nehifurs GcHOBHUCLAGner,  UNI L package in
e p

accordance wt resent invention. FIGURE 2 1s a cross section of
ajoint of the FIG 1 sem conductor unit package. This sem conduct or

unit package Neke! OaE°EsRY 878l BaCBhBnROMI PooRid Ofka R @)SN the
nuner al 1 denotes’a sem conducfor device such as an LSI" chip.
Ref er ence5snunesemicondastoes devigeccls oddthadheorside i 0ft Hthei5stud bump

AR TIC I T N T N T - A
conposi tion (iagplicktdendogt iV cotliiRAiive) adhesive 4a. Thereafter, the’
semiconductor device 1 is lowered towards the substrate 20
such that the stud bump .electrode 14 is soak.ed in the
10 .'conductive adhesive 4a on the substrate 20. Subseguently, E
the semiconductor device 1l is lifted up, as a result of which
trans.fer‘ of the conductive adhesliv'e 4a onto the. stud bump

electrode 14 is completed.

Next, at steps ST4 and ST5, as shown in FIGURE 4(d), the

15 'semidonductor device 1 is placed onto the ceramic substrate
6- havi;xg 'tﬁereon the terminal electrode 5. At this time,
alignment of the stud bump electrode 14 of the semiconductor
device 1 with the terminal electrode 5 of the substrate 6 is
éarrie;i out, and the conductive adhesive 4a is heated to cure

20 to form the conductive adhesive layer 4. As a result; the
stud bump electrode 14 of the.semiconductor device 1 and the
terminal elec'l:rode_ 5 of ‘the substrate 6 .are_ electrically

connected together.

At step ST6, testing for the presence or absence of an
25 electrical connection failure is carried out. If an
electrical connection failure is found, chip replacement is

caz:ried out at step ST7 and. the flip-chip bonding process

23



essentially formed of a special epoxy resin and conductive powder s
of, for exanple, an alloy of AgPd. Reference nuneral 20 6 is a substrate,
e.g., a ceram c substrate, onto which the sem conductor device 1 is
nmount ed. Ref erence nuneral 5 denotes a terminal electrode formed on

the substrateywiyesuzies RETf€rence numeral 7 denotes an encaps WHoatapoenibmy er
formed of an encapsul ant. Such an encapsulant is essentially forned
of 25 an acid anhydride curing type epoxy resin. This encapsul ant

7, when it remai n I UI g’af%gsﬁé gt&eéotgﬁoy [ ri(}e&oofegg&gﬁéall comeg%e

viscosity coeffi ? The “encapsSul ant I'njecte

bet ween t he semfeandnet.os found,e thealpd-ocehs advances to step ST8. :

21 WD 96/ 42106

PCT/ JP96/ 01600 substrate 6 by capi I lary action and is cured. It is
to be not ed t haAtt lsxephiS®E, ogn mnbapsuianhe whdeh ebepr fozmed bpf a

[err] where [err] is th ar rate and t VJ SCQsj.t
coefficient. HeFOmMPPRLE q’ﬁ;}lﬁ "{kﬁ %E Law,; Oé’a's[g}d{]a

falls in the r aﬂ.ﬁﬁ Qﬁiﬁotééﬁecﬁ)ndék 2 (ﬂéliﬂﬁ)lv 1, SiEhQWEected between the
FIGURE 3 is a cross-section of a sem conductor unit package by. nmeans

of a flip-chip senawgdmmdl%qﬁg 4 arqgthe su‘!ﬁ]’rﬁ?‘t@l d&cta%rormeie room

sem conduct or e s Elflﬁ&{

package of FIG %ﬁg caITy 10 ﬁhe Sar g&%eptgéh % forér%lés'
sem conduct or u8ubseqmémlgky at stepls:lyes a heamiriglm:oearhmem: dadecagried louwa t Wo
st epped pr ot uber ance i pstea el ectrode 13.. Enpl o rreqr% of

t
S T PPo chi p - bonBP R Ay Bas L HPas, contaiAnt doEie dadanten enbap
stepped prg ubepgngordBli’S ithePafsaps®1d@rifabydkth 1% Jz%meaetrg&mdrm

device with a greater number of el ectrode pads I's detalled
| at er . 4(e) ), WheFreupPp %(ﬁ%%@ﬁ@ﬂf’r mvé-ﬁeu%@ﬂl shessubBstnate

6 are mechanically connected together by the encapsulat:.ng
layer 7.

At step ST10, final testing is made and the f£lip-chip
15  bonding process is completed.
f - A . .

The present- embodiment employs a low-viscosity, low
thixotropy-index encapsulant. This producee the advantages
that an encabsulant injection process can be done smcoth'ly
even at room teniperature_and the encapsulant injected readily -

20 flows and well spreads to £il1 a tiny gap between the
semiconductor device 1 and the substrate- 6. This is time '

. saving, and the connection reliability of a joint made by the

conductive adhesive 4 can be maintained. Additionally, the
encapsulant is a composition essentially formed of (a) an

25 acid anhydride-curing type epoxy resin with improved
flowability and (b) a filler such a fused silica, in other
words it has a low post-curing thermal expansion coefficient.
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el ectrode 14 of FIGURE 3, is illustrated by maeking reference to
FIGURES 4(a)-4(e) and to FIGURE 5. FI GURES 4(a)-4(e) are 20
cross-sections of a sem conductor unit package at different st ages of
a.flip-chip bonding nethod. FIGURE 5 is a flow di agram showi ng steps
of the flip-GhhBeBeadi ng method. The packagi ng pr ocessSpCHIM681500 bed
step by step wth reference to FI GURE 5. 25 At step STI, -an
wire of gold (Au) is used to form stud bunp el ectrodes-14 at

el ectrode padsaégi A tt&geisg'go%mgggﬁjé of 4hering1( L ngallsibnl- ofgt e P

ST2, a levelin ces
WO 96/ /42106 encapsulating layer 7 is low, this céi@alz0dher8ed stresses

carried out and each stud bunp_el.ectrode 14 i ress agai pst_a .l evel
surface so t haP~® Pﬁ%"?‘ia’aﬁ' ngh%n&fg?r?’ﬂ%e& ivie e %ﬁﬁggjé?je%rﬁ o‘géséﬁ?%a e
flush with oneeapghéfdn between the sbibondictdr[@evide aSoEh8LMitdn FMdIRES

4(a)-4(c), the 5 sem conduct or device 1, with the side of the stud bunp
el ectyode 314 f fhengubRiiate § Qfac £9Ta853EPLe s HWNiRRe 2ddfitfAonally, an

application of g%&.ﬁ' V & S b¥e ot .y ] %&m :

sem conduct or ﬁg?ngge I g &omr;&zb;foaa?agit@ﬁ%t atxg‘%oup, ex%:{]% tst hat
t he stud bunp hegkcresdketante st duedd and thes sifongcedliesiong théesfore 4a
on the substrate 20. Subsequentl|y, he sem conductor devicge 1 is
"fted up, as BohLering gponphrion ‘reliehtliyy Yhet Kenasin Fraple, v ve
4a onto the. shHePUiyh tempeateireOdAdINigl Kaildityeedonditions.

~

10 - Since the conductive adhesive 4 has great flexibility,
this contributes to reducing thermal stresses and connection

reliability is further improved.

' In the prése’nt embodiment, the bump electrode 3 is

formed of gold. Other functionally equivalent metals, e.é‘. R

15 copper, may be used to form the bump electrode 3.
~Additi§naiij, in the present embodimenf, the stud bump
electrode 14 is used. Other types of bump electrodes uséd in
.usual £flip-chip bonding techniques may be used. It is;
however, to be noted that use of stud bump elect-rode's

20 controls lateral spreading of the conductive adhesive layer

4 thereby achieving a much higher packaging 'density.

In the present embodiment, the conductive adhesive 4 is
fom'ed of a material of the epoxy group. Other materials
with flexibility may be used, e.g., a material of the rubber

25 group (e.g., SBR, NBR, IR, BR, CR), a material of the acrylic
group, a material of the polyester group, a material -of the

polyamide group, a material of the polyether group, a

25



Next, at steps ST4 and ST5, as shown in FIGURE 4(d), the 15 sem conduct or

device 1 is placed onto the ceram c substrate 6 having thereon the
termnal electrode 5. At this tine, . alignnment of the stud bunp

el ectrode 14 of the sen conduct or device 1 with the term nal

el ectrode 5 o g‘ybstrate 6is carried out, and thecmaresiossn ve
adhesi ve 4a i ed to cure 20 to formthe conductive adhesive | ayer
4. As a result, the stud bunp el ectrode 14 of the sem conductor

device 1 and the

el.ectr 5 of_the substr '
electrically matefﬁﬁhec‘#emtgﬁg&wr etin2 grouP, a1 B ta%?'@q 85t RS for

t he presence 0bo§?§ﬁﬂ§6 oW}l add a Mbeariarads ﬂmmaﬁcon gtaip Ur S =
carried out. el ectrical connection failure, is, found, chip

repl acement | sconductiverRedar MATQTIBLISTEDARI. 18heCPPERLNSH p Hon &

process i d £ roble metals (silVddGshzil06
PCT/ JPo6/ 01600C°Rductive adhesd "t?éc opders Sf Jpple merals (LYY Cgsf

connecti or alladiun)a, mmﬂarsdg)f thasepmeteds bGuickeloscopperep mers

At step STS, an en foryied of a o] Sltl Vi ng
a low viscosit SEV fﬁbd?;a’ Sggﬂa‘ip uTE, ROFREX 5t?g %TP e | ow
1.1, is inject edpbei:yve&m igovders of &ﬁiﬂnﬁiﬂi&chﬂfh dﬁwueeiﬂeydcémon). .

substrate 6 at nornal room erature to resin- encapsul ate
connection p%hese WWdersSﬂ!?é’eHﬁe‘h? n@ separgtedy 79 im, cpERipAtitReatThi®nt s

carried out g5 pbPef B favdeSN1 8 AVEMN G 860 IghrltiBulBie6ASY The

encapsul ant. _
10 . . shape of powders is not limited to a particular one.

The encapsulant is formed gessentially of (A) a resin
binder and (B) a filler. The resin binder's essential
components are a polyepoxide, an acid anhydride, and a
rheology mod:l.fie:r:.' Such a polyepoxide is the so-called epoxy

15 compounds (epoxy resins) and there are no limitations on its .
elémetxts. _lf:.‘xamples' of the polyepoxide are a bisphenol type
epoxy rein (see the FIG. 6), a NOVOLAC type epoxy resin, a

_glycidylether type epoxy resin, a glycidylester type epoxy
resin, a glycidylamine type epoxy resin, an alicyclic type .

20 epoxy.resin, a biphenyl type epoxy resin, a naphthalene type
epoxy resin, a styrene oxide, an alkylglyci@ylether, a{nd an
alkylglycidylester. =~ They are used separately or in
combination.

‘ As. the acid anhydride used here. in the present

25 invention, curing agents for epoxy compoun@s and epoxy reeins
may be used. One of -the most préferahle acid anhydrides is

a trialkyltetrahydrophthalic acid's anhydri&e (see FIGtJRE '7) .
Other preferable ones are a methyltetrahydrophthalic acid's
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10 As a result, the encapsulating layer 7 is forned (see Fl GURE

4(e)), whereupon the sem conductor device 1 and the substrate 6 are
mechani cal |y connected together by the encapsul ating | ayer 7.

At step ST10, final testing is made and the flip-chip 15 bondi ng process
i s conpl et edwe osra2106 The present enbodi ment enpl oys a pemSPIEOIOGI LY,

| ow t hi xotropy-i ndex encapsul ant. This produces the advant ages

that an encapsul ant injection process can be done snoothly even at

room tenperature and the epcapsul ant 'ecte readily 20  flows and well
spreads to fil3nkydgide. and l?egﬁégﬁﬂﬂ pg’éﬁ?iagg o%/!"cjtq)rs E%Y‘E’éi‘i e 23R4 the
substrate 6. aT me%uﬁhwia acid's riaadof héns @At aiiprddRdigrouy of a

joint made by t coriducti ve adhesive 4 can be nmi ntai ned.

Addi t i onal Iy, 'Qbf?é= are IhcER PERES (af JLiBHHAE | 3 degrans gentigzeded of
25 +‘9§F&H V\%ﬁ&'
]£|aZ)V\2P)I lity anﬁ}%’?gﬁxg suc ma ﬁ%g sgaﬁofé’rahéﬁ'% g dfmspﬁlggi t

has g | owSpostbec unsegd t*wataﬁteebypanm ain c cembioation. If these acid
24

PCT/ JP96/ 0160(?“"\9'%1‘91%% &“t%ﬂ'éed RRIYG ATsuseds as; Rﬁ?ﬂqﬁn%mtsof |
the encapg¥ alHe'Gdsave bihdet, Nist ?kavmaérahsmﬁfém etidapediant

produced by the differences, in the coefficient of thermnal expansi on
bet ween t he séﬂ’ﬁ?on%%t SPTHelicoe Visessid,i chighinbeat nesdstancer ahdgh of

for exanpl e, | 1 sulant, formed of a resin
of the epoxy group xﬁé%gg%ﬂ.gé glb Eﬂlgshl gﬁdg%%g' 0 heat and has strong
adhesi on, therefore achi éving connection reliability that remains .

stable eygn - unger sAkIRILANPST Al Fordyd ?3. g?gﬂwﬂ yefé?ﬂ@ihﬁs' 82Sthe 10

Since the conductive adhesive 4 has great 1ty,
contri butes t@esdsucbindener dal ‘_t_bﬁ-réssms‘!dgm ebtementi may be resideshi B8ty i s

further '”pr°$%ﬁu1rea, for improvement in heat resistance, humidity
resistance, adhesion strength and for adjustment of thermal

. expansion coefficient, rheoclogy, and reactivity.

. 15 ' 'Apy'powdery filler may be used as one of the predominant
elements bf.the encépsulant as long as its average particle
diameter falls in’ the range of from 1 pm to 50-pm. 'For
example, silica oxides, alumina oxides, aluminum nitrides,
silicon carbides, and silicification compounds all of which

20 are thermally stable and have 1low thermal expansion
coefficients. These filler elements aré uéed in any
" combination. There are no particular limits oﬂ the filler
dose, preferably 20-80 perceht, on a weight basis; of the
entirety of the encapsulant. Use of these filler elements
25 achieves an improved encapsulant which is supefior' in

insulafion and which produces less thermal stress.
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In the present enbodi nent, the bunp electrode 3 is formed of gold.

O her functionally equivalent netals, e.g., 15 copper, may be wused to
form the bunp electrode 3. Additionally, in the present

embodi nent, the stud bunp el ectrode 14 is used. O her types of bunp
el ectrodes useebdgazies usual flip-chip bonding techniques reyJpssIORd."

It is,- however, to be noted that use of stud bunp el ectrodes 20
controls lateral spreading of the conductive adhesive |ayer 4 thereby
achi eving a-much hi ghgt,, pa de : re

enbodi nent, the conducty vegkéﬁjéés;élk\’/e ﬂé?isyier ngr‘negogfkgcégeoergl a‘? Fﬁe
epoxy group. O hencapswkanti lowabipity maiehebiqseldy agajohg useu; ﬂung:t,ioas

mat eri al of the B rial
of the acrylic ts "&g‘g" a flErééjerl th[%ngcj'gl %s’f‘gri% %‘Wgﬁgﬁ of
t2 ge pol yami i\a/i\%uggn gg;nggagﬁNge raﬂlthefsdﬂfﬁdw b¥ethe rfﬂ!l@tpand to reduce
PCT/ JP96/ 01600 ‘the thimqimopy dpder-ofcthr ancapsulgnsup, The rEaldawingoprehe
pol yi mi de group, o AlEh4- B (ilahip o okhﬂaé'zlﬂeQﬁ.%ggr &Baz.fféa@i - conductive
powder materi al rt’hat I's contained in the conductive adhesive, powders
of noble netals (silver, gold, 5 pal | adium, powders of base netals

(nickel, copper), poVder Rheologdf Madieitatiichl #RkthoATPd), M Xxture powders of.

silver-plated copper, and powders of nonnetals with conductivity
(carbon). Thesé’bb’ﬁd@ﬁ ayan@cideanhydride dis/ m‘e-mnxe@rmﬁtlaa partThe
di anet er of povxqgf I| e r n The a e of
powders is not |i1m rl%&.a ar%l @{ﬂ&&&bﬁ% tsuSHe%teg %o fif-is
fornmed essdlti alfor oéxe(n@lea, rﬂm nmixturdimero@nled fad auﬁl k:benoo dEBQeéQS' n
bi nder's essenti al orgpongnts are aspolg/epom de, _an aci d anhydride,
and a centigrade r less. followed by addition of a

polyepoxide compound, +the remaining filler, and other

addition agents, to cobtain a desirable encapsulant.

(2) Rheoclogy Modification Method II
15 " In Method II, a substance capable of selective
'adsorption of free acids in an acid anhydridé is added to an

encapsulant.

_ (3) Rhéology Modification _Method IIX
In Method III, a substance (e.§. » a Lewis-base compound.
20 having neither N-H groups nor O-H groups) th'at interacts more
strongly with a free acid than a polar group at 't:he surface
of a filler, is added to an encapsulant.

Suitable  Lewis-base compounds include tertiary ‘amine
compounds, tertiary _phosphine compounds, -quaternary ammonium

25 salts such as the tetrabutylammonium bromide, quaternary
p'hosphonium salts such as .the

tetrabutyl;ihosphoniumbenzotriazo1ate, melamines, and
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rheol ogy nodifier. Such a polyepoxide is the so-called epoxy 15 conpounds

(epoxy resins) and there are no limtations on its el ements. Exanpl es

of the pol yepoxide are a bi sphenol type epoxy resin (see the FIG 6),
a-NOVOLAC type epoxy resin, a gl yci dyl ether type epoxy resin, a

gl yci dyl est erwéd ¥&@£21600XY resin, a glycidylam ne type epeiyrosoféo#, - an _
alicyclic type 20 epoxy resin, a biphenyl type epoxy resin, a naphthal ene
type epoxy resin, a styrene oxide, an aIkngIyC|derther and an

?Llr(%! ﬁgfioﬂyl *het "-’°°Y°It=]%§°°“ta95?§mé‘iés§gaﬁ 95? & anﬁH'% cha{ns, $hereetnt

25 i nventi onatome BF aGLRbgehOBuehOwS Qﬂﬂﬂﬁﬁaﬂé 3BHpSRAYY. re§h8§e are MY
be used. One of the npbst preferable acid anhydrides Is.
trialkyltetr athﬁ?‘Fﬁ?TQas&Pempg“ﬁﬁﬁﬁﬁh%té@eﬂﬁ ebRree?) . These Le@itrer

preferabl e one e gt h )
8 %a\%\% ggllng%xg% ey B YR ERALEStER} b in combination.

PCT/ JP96/ 01600 anhydri de, "and a met hyl hexahydrophthalic acid" s
anhydri de sand THe NGAERASHAHL %\%&dc%n"&aﬁﬁdréger&fui% CYChSy Jcphsf‘t 'c

gr oup that are in the state-of liquid af degrees ‘centr gradeé
Ot her acid anh?éFPGEQiMyabeane@ ﬂmilaogmldemmnydeagm sich hs used

separately or ’:I.Q gQ agdne% Af t({i‘eé 35 o Ci 9’8?:??1‘6‘ anhé tdes ntFlﬁ:)ned

above are used as pre omMant el enmen

provi des an i nponpbﬂngnagpﬁ-ul aor a reddtﬂbm&%g&é‘x:oﬁwa‘geheoﬁuh}s ey QJI
heat resistance hum dity resistance, and hi gh adhesi on.

I n additi.on tocPﬁé go?%ﬁﬁﬁ W¥sential ‘el ements of the resin blnder, a
third binder ‘el ement nay be added as required, for inprovenent in
heat resi;gt ance, n1du A si.stance, .adhesi on strength and for
adjustnen% of ther logy moéiéier of 'the present in egtion, which
consists of a Lewis-base compound such as the amine compound,
is usually used as a reaction (curing) accelerator between a

polyepoxide and an anhydride of an carboxylic acid.

When the rheology modifier is used as a curing

15 accelerator for an encapsulant curing reaction progresses

even when stored ‘at low temperature to enter the stage of

gel. This limits the type of encapsulant to double-liquid

type ones, in ofher words mixing must be made just Sefofé
use. On the other hand,.LSI_encapsulant require that ‘large -

20 amounts of fillers must be dispersed unifbrmly, in other
wo;d; a single—liguid type encapsulant is required for LSI. |

" To sum up, the rheology modifier of the present
invention may be used as a curing accelerator for a doﬁble-
liquid type encapsulant but not for a éingle-liquid type

25 encapsulant.
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expansi on coefficient, rheology, and reactivity. 15 Any powdery
filler may be used as one of the predom nant el ements of the
encapsul ant as long as its average particle - dianmeter falls in the
range of from1l pmto 50 pm For exanpl e, silica-oxides, alum na

oxi des, alum rm?])g | des, silicon carbides, and sili cigdmbésisoo
conpounds al | V\*#{?h 20 are thermally stable and have |ow thermal

expansi on coefficients. ~These filler elenents are used i n any

conbi nation. There are .no rtlcula ts on . the filler
preferably 20-80 peq’%e‘fﬂe iﬁefﬁ‘i‘fc‘?gs"f% sush pRextent ag,tq Wvﬁf‘tt he

encapsul ant. l§&1Ding Besenki tﬁearstekagantﬂxe Present MM SgyIbdil FAEOWEY

encapsul ant which_is superior i nsul ati on and I ch produces | ess
t her mal st ressfind applications in the single-liquid type gx;capsulant. In\\D

96/ 42106 such a case, a curixa? faccell,erant féﬁ%igx? 6&9&"@% rh logy

Any rheol ogy nodi f ier ‘for I cat1on encapsul an
fl owabi | i y reodicEier: penforns g.satoo tpdam toi mest practicad mquicetueaté; ee

acid in the acdan drldef mintera with a_polar group at
the surface of rThe"'f er Hﬁ o r%ucg"igq‘:?]'e"ﬁﬂle t FRGRRFYFRY ndE¥TEPTt he
encapsul ant. &i&édﬂdﬂmaesaaee obtaind&ferred exarrpl es of the rheol ogy
nodi ficati on. 1) Rheol ogy Modification I\/Et hod |

The present inve'ntion is characterized in that it
. employs a latent curing accelerator with both storage
16 stability and practical curing accelerant :Eunc{:ions, and that -
ubsl:ances, e.c. , amines, which are usually used as a curing’
accelerator for the double-liquid type encapsulant, are
employed as a rheology modifier. Such a rheology modifier is
_added in such an amount that it performs no curing functions

15 but functions to improve interface characteristics.

A .'l.ai:erit curing accelerator is the catalyst whose
catalyst activities are greatly' promoted upon application. of,
for example; .thermal energy. Generally, latent curing
accelerators are melted (liquefied) or reaction-dissoc:.ated

20 upon application of energy, to be enhanced in activity.’

It is preferred that the encapsulant has the following
~ composition. ' '

_ . Wt. percent
ReSin binder s esveseeevsesses 80-25
25 Filler element .-..o-oooc-o..-. 20-77_



In Method 1, an acid anhydride is pre-mxed with a part of afiller.
The m xture is subjected to an aging process. 10 For exanple, the

m xture may be heated up to 100 degrees cent.igrade or |ess. This is
foll owed by additi.on of a pol yepoxi de conpound, the renaining
filler, and wygdmpios addition agents, to obtain a desi redaysresro1600
encapsul ant .  (2) Rheology Mdification Method Il 15 , -In
Method 11, a substance capable of selective adsorption of free

i ds i id dr,ide js.. | ant . 3
2100 0 2051 L N e G 180" e RO cxpmrrtay ()
. 0., Lew s-b d .20 [ i.th N-H OH
(2.9 1 2ot Sabist oMV R0 ot 10, NIt N 0 ol ot O 1 9 o0

t he surface of a filler, is added to an encapsul ant.

Suit abl e Lew s® bEWELRG ARKAIETEAE, u @R & Thepogy medifier caggndidyg to
tertiary phosphi ne conpounds, quaternary amoni um 25 satlts such as the

t et r abut yl ammotherfallowing, elenent meatios.. phosphoni um sal ts S

uch as t he t et r abut yl phosphoni unbenzotri azol at e,

mel am nes$ and . . 28 VO
96/ 42106 PCT/ JP96/ O 1Bg@ivalent ratio
het er ocycl i ¢ conpo@addboxiriiccantid!s anhydwideyPobkpepoxider £0f... 0.8-1340NE
of nitrogen such as i m dazol e conpounds. There are many Lew s- base
conmpounds ot her than the above. These Lew s- Wt. percent

10 Curing accelerator/Resin binder ........cc....0.3-3 .
o RhEO].OgY mOdifier/RESin binder 0000000000000000;02-003-

In the present invention, the substrate 6 is formed of
ceramic (e.g., alumina). Metal glaze substrates, glass
substrates, resin substrates (e.g., glass epoxy substrates),

15 polymer film substrates are applicable.

There are no specific limitations on the material of the

terminal elect;'ode 5.

The following are embodiments for investigation of the
cha_racteristiés of semiconductor units obtained by the above-

20 . described flip-chip bonding method.

EMBODIMENT 1
A semiconductor unit with the FIG. 1 structure is ‘.Eormed

in accordance with steps of FIGS. 4(a)-4(e). Bump elect:fode
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base conpounds may be used separately or in conbination. The

encapsul ant may contain, as required, a solvent, a di spersi ng agent,
a rheol ogy regul atory agent such as a | evel i ng agent, an adhesi on

| provi ng agent such as a coupling agent, or a reaction regulatory
agent such as o, o210 CUriNg accelerator. 10 The rgeaoipodidisoo
nodi fi er of the present invention, which " consists of a Lew s-base.
conmpound such as the am ne conpound, is usually used as a reaction

' I t b id d hydtd de. of
Carboxyl i o aci 8. £9 Horaea'5¥ efyns, of @SR SREPET AP IIABERI AL
15 | erat f l_ant , . ' ti
when Stored at B8R (GHBSRAEIPE £ETBMIPoRTREAIY. of pbwder of hgRa, spl (s

the type of encapsul ant to double-li e ones, in other words

ui d t
M xi ng nust bedRERRO¥Y, Fesgp; Wilth fle’giﬁ%%’:tb\ FﬁégHFﬁ%Ve HadResivg 4a is
encapsul ant require that |arge 20 anounts of fillers nust be dispersed
uniformy, in beatgd at 1%rg@'§eﬁ;ﬁ regrtignade] andpe aen @ raswlh, icuresqui r ed
for LSI. To sumup, the rheology nodifier of the present
i nventi onSmay Bertlesr as encapsulpni ceff COMPOSITION & douFABLE 1 is durgdi d
type encapsul ant but not for a single-liquid type 25 encapsul ant .

at 18300 dered#06entigrade.
PCT/ JP96/ 01600

EMBODIMENT 2
Stud bump electrode 14 of FIG. 3 is formed on electrode
pa& 2 of semiconductor device 1 by means of a gold-wire
10 bonder. ."I'he ':Eoll_owing steps are the same as the first
" embodiment and are carried out under the same _ccndit:lons' as

the f.i:;'st'em;:odiment..
. ,

EMBODIHENT 3
Semiconductor device 1 is mounted onto substrate 6 under
15 the same conditions ;s the first embodiment, _except that in
the third embodiment an 'enéapsulanf injection process is

_ carried out under dépressurizéd condition.

EMBODIMENT 4
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If the dose is reduced to such an extent as to prevent gel ling

during the storage, the present rheology nodifier may find
applications in the single-liquid type encapsulant. In " such a case,
a-curing accelerant function that the rheology 5 nodi fier perforns is

t 00 poor to Rpghbepigeti cal requirenents, in  other pc¥Sésdeican N0

hi gh- 1 evel encapsul ant curing characteristics are obtained.

The present invention is characterized in that it enploys a | atent

curing accelerator with both storage 10 stability and practical curing’
accel erant functi onSemizmhduckor device Jubstmmunted entp substrnate Gandbrar e
usual |y used as a curing accel erator for the double-liquid type

encapsul ant, athe same condptdyns =35 the' Bactndenbudiifnent, &kisdp€ thaaohagy
nodifjer is added in such an anount that it perfornms no curing

functions 15 +thetfdustl ieribodifienfTECMIOSINTION AC8£CPABEE 10115 ised.
A latent curing accelerator is the catal yst whose cat al yst- activities

are greatly pronoted upon application of, for exanple, thermal

ener gy. Generally, latent curing accelerators are nelted
(liquefied) or reaction-dissociated gfBopmpesrapplication of energy, to be
enhanced in activity. ‘It is preferred that the encapsul ant has

t he foll osi ng Sefiivnduttof device 1 is mounted onto substrate 6 under
W . percent Resin binder ................. 80-25 25

gbl l'er el ementthe -same conditions &% €he second embodiment, except that in
" " the fifth embodiment substrate 6 is a glass epoxy substrate-

and COMPOSITION c of TABLE 1 is used.

EMBODIMENT 6
10 Semiconductor device 1 is mounted onto substrate 6 under
the éagne .co_n_d_itions as the second embodiment, except that in
-l:.he sixth embodime__nt substrate 6 is a glass epoxy substrate,
conductive adhesive 4 contains powders of ~ silver a"

*

conductive powders, and COMPOSITION d of TABLE 1 is used.

15 ' mmobnmm 7
. Semiconductor device 1 is mounted onto substrate 6 under
the same conditions as the second embodiment, except that in
the seventh embodiment substrate 6 is a glass substrate,

conductive adhesive 4 is formed essentially of powders of

20 silver and an urethane resin, COMPOSITION e of TABLE 1 is
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It is preferred that the resin binder essentially consists of a

pol yepoxi de, an anhydride of a carboxylic acid, a curing

accel erator,. and a rheology nodifier according to the foll ow ng

el ement rati W5.96/42196 PCT/JP96/01600

Equi val ent ratio - Car boxylic acid's anhydri de/ Pol yepoxi de . .-. ..
0.8-1.1 W . percent .
10 Curing accel er r/ i_nder

Rheol ogy modif Réé?n %gé%#ku FQ?..?P????%?é..*ftjfzgtgea out underI t he
pr esent |nvent|on bstrat I's fornmed of ceramc (e.g.

al uni na) . ﬁ@?ﬁ?sﬁVﬁi dﬁgFﬁﬁﬁggf gl ass substrates, resin
substrates (e.g., glass epoxy substrates), 15 pol ymer film substrates
are applicable. - There are no specific limtations on the

mat eri al of the term nal elec%{n% The followi ng are
enbodi ments for investigation of th characterlstlcs of sem conduct or

et AT 10 i el e 4 el MR R

Formed of semiconductor device 1 by means of gold plating.
Semiconductor device 1'15 mounted onto substrate 6 in the
.same way as the seventh embodiment and under the same .

conditions as the seventh embodiment.

COMPARE EXAMPLE 1
10 ' Semiconductor device 1 is mounted onto substrate 6 under
the same conditions as the second embodiment, except that in

the first compare example COMPOSITION £ of TABLE 1 is used.

COMPARE_ EXAMPLE 2
Semiconductor device 1 is mounted onto substrate 6 under
15 the same conditions as the ‘second embodiment, except that in

. the second compare example COMPOSITION g of TABLE 1 is used.

~ COMPOSITIONS a-g are shown below.



I n accordance with steps of FIGS. 4(a)-4(e). Bunp el ectrode
31 WD 96/ 42106

PCT/ JP96/ 01600 3 is fornmed by nmeans of gold plating. Conductive
adhesive 4a - .has a conposition fornmed essentially of powders of AgPd
and an woeoeesin wth flexibility. Conductive adhes}gg,,p,é,oi@?] :
heated at 120 degrees centigrade and, as a result, cures. urther
encapsul ant of COVWPOSITION a in TABLE 1 is cured at 150 degreed
centi grade. EMBODI MENT 2 St ud
bunp el ectrode 14 of FIG 3 is fornmed on el ectrode . pad 2 of

sem conductor device 1 by neans ‘of a gGlagywi e 10  bonder. The
foll owi ng steps are the sane as the first enbodi ment and are carried
out under the sane_condilions.as: OO o TN N =Y ¢ o Yo T I T |
ENBODINENT 3 CDMPOSITIONS U1conductor “device 1 |s nmounted onto substrate 6
under 1 d nb%% Ridpo 3090' sl 1 E ¥50ientX oY) ! 8pnk"
the thirdge spheno Na :%F%E A8 3 tivalént: 182) 15phr

trialkyltetrahydro phthalic acid's anhydride _
(anhydride equiv.: 234) 126phr
2-(2-methylimidazolylethyl)-4, 6-diamino '

triazine-isocyanuric acid addition product 1l.6phr
10 diazabicycloundecene . 0.1lphr
fused silica . ' 340phr

COMPOSITION b:
15 trialkyltetrahydro phthalic acid's anhydride
(anhydride equiv.: 234) 126phr
fused silica . 340phx

These two material were kneaded and subjected to an aging
process for 10 hours at 60 degrees centigrade. Thereafter
20 the following materials were added to them. -

bisphenol F . type epoxy resin (epoxy equivalent: 162) 85phr
bisphenol A type epoxy resin (epoxy equivalent: 182) 15phr
2~(2-methylimidazolylethyl)}~-4, 6-diamino ’ )
triazine-isocyanuric acid addition product 1.6phr

25 l-cyanoethyl-2-ethyl-4-methylimidazole 0.2phr

COMPOSITION c:
bisphenol F type epoxy resin (epoxy equivalenx' 162) 8Ophr
alicyclic epoxy resin (ERL4221)%* ) 20phr -
30 trialkyltetrahydro phthalic acid's anhydride :
-{anhydride equiv.: 234) 135phr

AMICURE PN#** . . Sphr
tetrabutylammonium bromide . ] 0.2phr
fused silica : . 400phx

35  cmmmmme—meemeee — e ——————————— e
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carried out under depressurized condition.

EVMBODI MENT 4 32 WO

96/ 42106 PCT/ JP96/ 01600

Sei conductor device 1 is nounted onto substrate 6 under the sane
conditions a nd enbodi nent, except that in - t §535b

enbodi nent CO\#W@I b-of TABLE 1 is used. P 16t
EMBODI MENT 5 Sem conductor device 1 is nmounted onto substrate 6
under the same conditions as the second enbodi nent, except that in
the fifth enbogiomposrexietdate 6 is a gl ass epoxy substrate and

COVPCSI TI ON ¢ @fisphBh&L IF itypesazhoxy resin (epoxy equivalent: 162) 90phr
EMBODI. VENT 6 l{lsphenol Ketype rapotyoresdni (epdxy squivelentonl82iubiphat e 6

under ydiits pithialdcsacddts arinydiridel , except that in

the sixth gnbo rrent substrate 6is a gl assaﬂm@&dﬁlwﬂ&te,zsm 128phr
FUJIHARD FXE1000%%* . 5phr
tetrabutylphosphoniumbenzotriazolate 0.2phr

fused silica . ’ " 350phr

10 COMPOSITION e::
bisphenol F type epoxy resin (epoxy equivalent: 162) 70phr.
naphthalene type epoxy resin (epoxy equivalent: 148) 30phr
. trialkyltetrahydro phthalic acid's anhydride :
. (anhydride equiv.: 234) 82phr.
15 methyltetrahydro phthalic acid's anhydride
(anhydride equiv.: 166) 40phr

triphenylphosphinetriphenylborate 3.6phr
tetrabutylphosphoniumbenzotriazolate ] 0.2phx
fused silica - . 225phr
20 -------------- Ll d - aan T GUP GRS D GED GEP i AEF @D IR G GuA G SR GFD EED G S Guh AN SND dED G

COMPOSITION :E. .o
bisphénol F type epoxy resin (epoxy equivalent. 162) 85phr
bisphenol A .type epoxy resin (epoxy equivalent: 182) 15phr
trialkyltetrahydro phthalic acid's anhydride

25 (anhydride equiv.: 234) l26phr
2- (2-methylimidazolylethyl) -4, 6-diamino
triazine-isocyanuric acid addition product 1.6phr

fused silica ' 340phr

- - w» G S . = T D D G T o S (P S Al S M Gn S S G S SR R A M e T S S G e S e S S

30 couposrrmn g:
bisphenol F type epoxy resin (epoxy equivalent. 162) 100phr
alkyl modified phenol resin (hydroxyl group equ:l.v- 113)

_ 70phr
triphenylphosphine | 0.6phr
35 fused silica . : . 255phr

- - - - e o e . ST - . - - -GN T G S A D W D IS SV U D D S W G A S06 SP SIS I G G . P

- Note: * = product by UCC;
*%* = product by AJINOMOTO; and
**% = product by FUJI KASEI



conductive adhesive 4 contains powders of silver as conductive

powders, and COMPOSI TION d of TABLE 1 is used. 15
EMBODI MENT 7 - . Sem conductor device 1 is nounted onto substrate 6
under t he sanme. conditions as the second enbodi nent, except that in

t he seventh gpdeghaiggnt substrate 6 is a glass substrate, PCT/IOGOSHCt | ve )
adhesive 4 is forned essentially of powders of 20 silver and an uret-hane

resin, COVPOSI TION e of TABLE 1lis 33
VO 96/ 42106 PCT/JP96/01600 used,
and encapsul ant injection is carriGRFRRE FRAUFLE depressuri zed

condi ti on. EVMBODI MENT 8

el ectrode 3 of Fl Geenicendugtax) devisecdt isROynfed onto suhstrake @oﬁﬁu%t or
device 1 by neans of gold plating. Sem conductor device 1 is
mounted onto tohventiendl iway lshown in EIX@e 9vay Substnate ch cis lencadusinent
and under the sane conditions as the seventh enbodi nent.

b substrate. Bump electrode 3 1s formed of gold. Perminal
5 electrode 5 is> indium-plated. Alignment of bump electrode 3
with terminalielectrode 5 is carried out and, thereafter
semiconductor device 1 is pressed by a jig and, at the. same

‘-time, is heated ;p to 170 degrees centig:;:ade, whereupon bump .
electrode 3 and terminal electrode 5 is connected together .

10 Further, a silicdn encapsulant of 2zero stress type is

injected between semiconductor device 1 and substrate 6.

This encapsulaht is cured to form encapsulating layer 10.

COMPARE EXAMPLE 4

Semiconductor device 1 is mounted onto substrate 6 in a

15. conventional way shown in FIG. 10. Bump electrode 3 -:i:s_
formed of §old. Gold .depo.sit 11 is formed on terminal
electrode 5. Gold depo.sit 11 is coated with an acrylic
encapsulant. Alignment of bump electrode 3 with -te_rminai
electz.'ode -5 is carried .out. éubsequentiy, semiconductor

20 device 1 is pressed. by a jig while at .the same time the
em‘:apsulaﬁt is cured by UV irradiation or by applica‘i:ion of

heat, to form encapsulﬁting layer l12.
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COVMPARE EXAMPLE 1 10 Sem conductor device 1 is nounted onto

substrate 6 under the sane conditions as the second enbodi nent,
except that in- the first conpare exanple COVWPOSI TION f of TABLE 1 is
used. COVPARE EXAMPLE 2
Sen1conductorvﬂemmnﬁml IS mounted onto substrate 6 under 15%cr/ebuiéene
conditions as the second enbodi ment, except that in t he second :
conpar e exanple COVMPCSI TI ON g of TABLE 1 is used. COMPCSI TI C]\IS
a-g are shown bel ow. 34

IO 96/ 42106 COMPARE EXRMPLELET/ JP96/ 01600

TABLE 1 (I)\/EOSI Tl bi sph 0X esi epox

equi val ent: 162) Sﬁ‘?’cg u F%Ibr%eﬁo ceARt ’§%e"t°e“5‘£?§’0?’e‘gg %%%%’%F 5 #3% #lent
182) 15phr trialk Itetrag“oro phthall ild S anhydrlde

(anhydri de eqffdpvensignal,ypg, Het n lagqtyope, 3 is

6- di am no triazi ne-isocyanuri c aC| d addition product 1. 6phr
formed of gold. Substrate 6 is formed of alumina. Alumina

5 substrate 6 is coated.with an,anisotropic-coqauctive.adhesive
in which particles of gold are dispersed in an epoxy binder.
Alignment of bump eledtrod_e 3 and terminal electrode 5 is
‘carried out. Thereafter, serniconductor device 1 is pressed -
by a jig while at the same time the adhesive is cured by UV -

10 irradiation or by_epplicatioe of heat, to form anisotropic
conductive adhesive layer 13. As a result, bump electrode 3.

and teminal electrode 5 are electrically and. mechanically

connected together. .

The viscosity, thixotropy index, injection time of each
15 of the encapsulant used in the first to eight embodiments and
the first to fifth compare examples, are shown below (TABLE

2).
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1Q  di azabi cycl oundecene 0. | phr fused

silica 340phr COVPCOSI Tl ON b:
15 trial kyltetrahydro phthalic acid' s anhydride

(anhydride equiv.: 234) 126phr fused silica
340phr whegfR1é60 mat eri al were kneaded and subj ect ed por/amsegbng
process for 10 hours at -60 degrees centigrade. Thereafter 20 t he .
following naterials were added to them bi sphenol F-type epoxy resin
(epoxy equival ent: 162) 85phr bi sphenol A type epoxy resin (epoxy
equi val ent: 182) 85phr 2-(2-met hyl i m dazol yl ethyl)-4, 6-di am no
triazine-isocyanuric acid addition progasLE 2 1. 6phr 25

1- cyanoet hyl - 2- et hyl - 4-net hyl i m dazol e 0. 2phr

COMPQSI TI ON ¢ I SPhen reS| €poxX qyi : 2)
80phr al fcyclic epoxy esFﬁM¥E 4@ THIXOTROPY | TIME(mdphr || 30
trialkyltetrafiydro phtbhalic acid s nhvdrlde INDEX

anhydri de eqli e (234 hr AM PN* [

gphry ot e G555 1.0 3:5200;
fused silica EX.3 t a 7Pa‘s 1490phr | 35p.4

35 WEXQ94/ 4210 b 8Pa ‘s 0.9 3.0

PCT/ JP96/0160 gx. 5, COVPSI TION d: | sphehol | type fpoxy [esin
(epoxy edui va : S 'eﬁ#uﬁéé-j%-t ¥

equi val ent: 182) kgphr . d 5Pa‘s 1.0 2.5
"~ 'J Ex.7 & EX.B e 11Pa“s 1.0 0.6
COMPARE EX.1 £ 7Pa - § 4.8 100 or
more
COMPARE EX. 2 g 120Pa ‘s 1.3 45

10 '~ NOTE:VISCOSITY: measured by E-type viscometer
(25 C; 10rpm);
THIXOTROPY INDEX: measured by E-type viscometer

(25 C; 1rpm/10rpm);
INJECTION TIME: time required for encapsulation of
15 . : 5-mm square semiconductor chip at 25 -

As can be seen from TABLE 2, in the emnodiments of the
present invention, i:he injeotion time is short falling in the
range of 0.4 to 3.5 minutes. The present. invention is

20 - suitable for practical applications, accordingly..
Canersely; in the compare examples, the inJection time is
much longer than that of the present invention. The compare
examples are unsuita‘ble for pi'actical applications. TABLE 2

shows that the injection <time correlates with <+the
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trial kyltetrahydro phthalic acid s anhydride 5

(anhydri de equiv.: 234) 128phr FUJI HARD FXE1000* **
Sphr t et rabut yl phosphoni unbenzotri azol at e 0. 2phr
fused silica . 350phr 10

COMPCSI TI ON e | sphenol F type epoxy resin (epoxy equigya. “end 62)
70phr nag‘m?'f“?eoge type epoxy resin (epoxy equival ent: fﬁkﬁ%l# .
trialkyltetrahydro phthalic acid's anhydride

(anhydri de equiv. 2 hr 1S q;xtetrah ro phthalic aC|d S
anhydri de visdos xotropy in 0, REDET| H%’%%]w’x}‘ t"‘fﬁ@feﬁeﬁﬁr
tr|phenylphosphlnetrlphenylborate

t et r abut y| phosphtaVention: otheaydsgegity is low (1. e-,obsgﬁw 100 Pa(sddand

silica 225phr 20

e eee o the -thixotropy -index is -also low ji_eL,_hglgw_l_ll _which_ _
o COVPOSI TI ON f: bi sphenol F type epoxy resin (epoxy

equi val ent: 162)resififter in redbtsnyective ehdapislanexynjéStiod YINES. On ‘the
equi val ent: 182) 15phr trial kyltetrahydro phthalic acid s anhydride
25 5 other hand, in the(2eByHai eemparé Vexarpfe, 28RB" viscosi
2-(2- nethylln1dazolylethyl) 4, 6-diam no triazine-1socyanuric Eﬁ
addi tion productexceeds! 1@@0'pa s andSCUisi thrirst

340phr 30  OOMPCSI TI ON g: bi spheno#lF type epod restotRiyxythe

:gﬂ: val ﬂéj 162)enhQRPbpy inddakYbxBBAALT 9 1PNN0l ol €5yt Py T YL gaé’ﬂP

70ph t h h 0. 6phr 35
{0064 si 1| oo PAcHEEERE e encapsutant snjection tiamyto sul o, win
_________________________________________________________ Note: * =
product by UCC; the encapsulant Hﬁ&&ﬂﬁﬁtbyiﬁdPRER!WEPOaRE s and when the

product by ELUI KASEI 36
thixotropy index is below 1.1, the flowability of encapsulant

becomes improvéd-to be suitable for practical applications.

.:Fo;_.the purpose of evaluating . the stability of
connection in each of the first to eighth embodiments of the
present. invention and the first to fifth compare examples,

15 various env;romnéntal tests were made as shown in TA.BLES' 3

and 4.
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COMPARE EXAMPLE 3

substrate 6 in
akum-na

el ectrode 5
term nal i

S

cPRAy

a
ubstr at e.

Sem con

conventi onal
Bunp el ectrode 3 is forned of gold. Term na

yn}plated. Al'i gnment of bunp el ectrode 3pcr/apesiisdot N
e 5is carried out and,
device 1 is pressed by a jig and,

duct or

PCT/ JP96

/01600

device 1 is nounted onto

way shown in FIG 9. Substrate 6 is an

at the sane

170 degrees centigrade, whereupon bunp
el ectrode 5 is connected together;

zero stress typ
substrate 6.

eis

I nj ected

10
bet we

Thi s encapsulant is cure

t hereafter

t

5

sem conduct or

i me,

el ectrode 3 and ternm nal

msconductor device 1 and

to formencapsul ating | ayer

10 . COVPARE CUT UGV C TTH
substrate 6 in 15 cqnvesET anal TEST Shoyn TESTFBG.
S f or medfof gol d. | Gol.J deppsit 11 | § forged gn teLm na
el ectrrode 5. |3§-d390qif 1Mis C -TF&Q\MJ an~acryllic j
Alignnment of bufp.el gctrgde Fywi thf terey nal ) el gctraode 5 ;
out . SUbsequen ,. e-fonettor 20 tevee—t—t-s et b'y i
at the sane tinggxhes | ef@apsul antQi s clired®y WY irr@di at
appl i cation of ay, or nj encgpsu rng. rayqr 12
37 5 EX. 4 D & o O O
5 O O O - 0
o) O O QO
O O O 0
O - 0 @) Q-
10 0 X ) X II
0. X O 0
O X Q. 0.
O X X 0O
_ e
15 Note: TEST 1: semiconductor devices are subjected to .a
' high-temperature condition for a specified period;
TEST 2: semicondqctor devices are subjected to.a low-
temperature. condition: for a specified period; TEST 3:
semiconductor devices are subjected to a thermal
20 shock; TEST 4: semiconductor devices are subjected to

a high humidity condition for a specified period:;
TEST 5: solder-heat resistance testing.
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COVPARE EXAMPLE 5 Sem conductor device 1 is nounted onto
substrate 6 in a conventional way shown in FIG 11. Bunp el ectrode
3is fornmed of gold. Substrate 6 is fornmed of alumna. Alumna 5
substrate 6 iv?oﬁé? tugd wi th an ani sotropic conductive adhesip¢gsspesnisosi N
whi ch particles of gold-are dispersed in an epoxy binder. Al i gnnent
of bunp electrode 3 and term nal electrode 5 is carried out.
Thereafter, sem conductor device 1 is pressed by a jig while at the
same tinme the adhesive is cured by W g 4 fradiation or by application
of heat, to form anisotropic “conduct1ve adhesive |ayer 13. As a
result, bunp i . |y
and nechani cajfly connect ed]t pOSTREESTING CONNECTION HESISTIVITVE \f,

t hi xotropy i nflex, CRIeERIGNM ti nejof gpebw 360 Qof Ohe encapsul ant usgd in
the first to gight enbodinents apd apove P@of ¥ st o fifth conpare
exanpl es, are 2

TESTING CONDITIONS

TEST 1 150 C; 1000hr
5 TES-T 2 - 55 C; 1000 hr
TEST 3 . 150 to - 55 C; 500 cycles
TEST 4 1212 C; 100%; 100 .hr‘
TEST 5 270 C; 10 sec; 5 cycles

10

The evaluétic-m results are demonstrated. As can be seen

. from the tables, none of the first to eighth examples of this
invén;t:i'on _suffer problems in connection -stability. Each
embodiment uses an .encapsulant the viscosity and thixotropy

15 index of which are below 100 Pa‘s and below _1.1,'
. respectively. Use of such 'a_x low~viscosity, low-thi:;:o‘t:_ropy
encapsulant .achieve.s sem:.i.conéuctor unit packages of high
productivity and. high resistivity against various

" environmental conditions, regardles_of the structure of bump:

20 electrc;des,. the type of 'substrate, the t.ype of addition

agent, and the type of conductive adhesive.
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38. WO 96/ 42106

PCT/ JP96/ 01600 TABLE 2

COWP. VI SCOSI TY THI XOTROPY TI ME(m n) | NDEX EX. 1
EX 2 a 7Pas 1.0 3.5 EX. 3 a
7Pas 1 0.4 EX 4 b 1660
3.0 5 “@’)?“. 42106 C 4Pas 1.0 '?i@i 9%/0

EX. 6 d 5Pas 1.0 2.5 EX. 7 & EX 8
11Pa' s 1.0 0.6 COVPARE EX. 1 . f 7Pa' s

4.8 100 or In each of the first to eighth embodiments, a Lewisrbase
COVPARE EX. 2 g 120Pas 1.3 45 10 NOTE: VI SCOSI TY:

measur ed by E- coppound.caidichr interacts more strongly @iSh|arfdeg ad¢Od pthan
THI XOTROPY | NDEX: measured by E-type visconeter

(25 [err] G
encapsul ati on of 15

at. 25-

10

15

| rampblapngroup at thel MIEEAEEONOF| ME: filXer, efsli usdafas a
5-mm squar e semn conductor chip

rheology modifier. This rheology modifier not only modifies
rheology but.ialso .acts as a catalyst for reaction of
polyepoxide with acid anhydride. This improves the

encapsulant's resistance to various environmental conditions.

P

The first compare example  is now discussed. .This
compa&:e example uses an encapsulant that is low in viscosity

but high in tliixotropy index and, as a result of being high

' in thizxotropy index, the encapsulant injection time becomes

lorig; . This causes some interco_nneétions to cut off upon

application of heat and thermal shock. Such failure may be

caused by the -fact that when the encapsulant- injection time
is long the encapsulant layer holds unwanted air bubbles, a‘s
a result of - which non-un:l..fo:m’ application of thermal stress
to the encapsulatirgé laye:r:. occurs thereby da;nagin'g conductive

interconnections.

The second compare example is discussed. In this

compare example, the conductive adhesive used has high

flexibility and the encapsulant used is, for example, a high-
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As can be seen from TABLE 2, in the enbodi nents of the pr esent

I nvention, the injection tine is short falling in the range of 0.4 to
3.5 mnutes. The present. invention is 20 sui t abl e for practi cal

appl i cations, accordingly.. Conversely, in the conpare exanples, o
the inj ectionw% i?ﬁ much | onger than that of the preg¢3besioisoenti on. =~
The conpare % anples are unsuitable for practical applications. TABLE

2 shows that the injection tine correlates with the

39 WO 96/ 42106

PCT/ JP96/ 01600 Viscosity xesis of, Fif BRANAY, FUrABEx YRS, ®BPHY TRBHAITHP -t he

pr esent I nvention, the viscosity is _|low (i f , bel ow 100 Pa’ ls# and

the thi xot r opy TRRJe8RFEPSPLAPT o YFT ¢ De | hegFad )fon e purpose.@f s jn -
reduci ng the encapsulant injection tine. On the 5 other hand, in the
second conpar eféﬁglr%t%‘,:ifﬁm dnjpstian y This caysgs sgue fgepgoangriions fe

first conpare exanple, the t hi xotropy index exceeds 1.1, which
results.in grehavg high comneeiiongreisdstdvipyuwbhen ithecencapsulamt i sum
up, when t he encapsul ant viscosity is below 100 Pa's and-when the 10

t hi xotropy i ndexjéstéd®) Ownd lcutd®r fiowalikelyy €3 oocapswheite unstaBIRCONES
I nproved to be suitable for practical applications.
interconnections exist in a thermal shock resistance testing,
since the encapsulant viscosity is high and the. conductive

" adhesive's junction is damaged by stress produced when the.

encapsulant is injected.

10 . The third and fourth compare examples are discussed. In
" these compare examples, interconnections will cu*}: off in-a
reiai:ively _s_hort t:i.r_ne. The fourth compare example suffers
g;:eat' connection resistivity . variation when subjected to.
TESTS 4 and 5. In the third compare example,
15 interconnections Eail to reduce thermal stresses and ctzxtoflf
results. In the fourth' compare example, the encapsx.zlant
exe;rts strong therr!tal strésses and has high water absorption, -

and cutoff results.

The fifth compare example is discussed. This compare
20 example undergoes grest increase in connection resigtivity

when subjected to TESTS 1, 4, or 5. The reason may be that
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Far the purpose of evaluating, the stability of connection in
each of the first to eighth enbodi nents of the present invention and
the first to fifth conpare exanples, 15 vari ous environnental tests were
made as shown in TABLES 3. and 4.

40 w%gzmes PRETPobi960 01600
TABLE 3 1 - TEST 2 TEST 3 TEST 4 TEST 5 EX. 1

@) @) @) O @) EX. 2 O @)

O O O EX. 3 O . BRO) @) @)
9] the anisotropic conductive adhes:.vg's binder has low humidity

resistance, and low adhésion at high temperature. Use of an
‘anisotropic conduct:l.v'e adhesive formed of a binder having
. high humidity resistance will cause interconnections to cut

5 off when subjected to a thermal shock test.

A semiconductor unit package in accordance with the

-_present inventi'on is highly reliable against various
environmental conditions. c_onventionally, encapsulant, which
contain polyepoxide and acid anhydride (curing agent) as a

10 resin binder, "have not been used in the flip-chip bonding
" method by a conductive adhesive. If a resin binder made i:p

of 'pélyepp:éigie and acid anhydride (curing. agent) is used as

a;z encapsulant for semiconductor unit packaging, this.
increases the thixotropy index of the enéapsulant, therefore

15 producing the problem that the encapsulant is injected t;
only a part -of | a gaﬁ betwéen jl:l"lxe semiconductor device and the

ubtrate .

The inventors of the presen'i: invention discovered that
a high thizotropy index results from interaction between a
20 free acid contained in an acid anhydride and a polar gfoup at

the surface of a filler. Based on this knowledge, the
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5, EX. 4 O O O O O EX. 5
O O O O O EX. 6

O O O O EX. 7 O O 0
o O 8 O O O O o}
10 COVP O X 0 COWP.
2 wo 98"’% Cx o) o) coVFETpRsmenn -

O X O O COw,. 4 O O X
X @) COWP. 5 : X : (@) e X X

15  Note: TEPFesenferiRYARKIQor PHBVICRR & c"eUHT cERREPIE £f impeding

hi gh-tenperature condition for a specified period, TEST 2:

sem conduct or ¥nsETecHiancbatwper iixeq #oid e POlar group.tenper at ur e
condition for a specified period; .TEST 3: sem conduct or devi ces
are subjected to’'a thernal 20 shock; TEST 4: sem conductor devices
are subj.ected to h humdity condition for anpem fied

peri od: Thexg ois SBPEP@ Shedt® sVBY c 8% cepceppulant, which

41 WD 96/ 42106

PCT/ JP96/ 0160(contains a polyepoxide and an acid anhydride (curing agent)
5 as a resin binder, has not been used. That is, ‘such a resin

binder undergoes hydrolysis in a high humid atmosphere, so

- that it has been considered that use of the resin binder.

causes' problems in humidity resistance of c@ections.

established by a conductive adhesive, and in relisbility.

10 It was confirmed 'hy the present inventio:_x that even if
a reéir; binder, which uses an acid anhydride (particularly a
ti‘ialkyltetrahydro phthalic acid's anhydride) as a curing
agent, is used as an encapsulant in a flip-chip bonding step,.
a resulfipg encapsulating layer has sufficient resistam':e t’o

15 humidity to meet requirémepts of practical applicat:i.ons.
Additionally, such an en‘éapsulant is low in viscosity and
also low in -thixotropy index, so that evén if the enca.ps‘ulant_

- is injected at room temperature (low température), it well
penetrates even :Lnto_ tiny gaps. Such characteristics of the

20 present encapsulant produce various advant'égeous

characteristics such as high resistance to thermal shock.
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TABLE 4 POST- TESTI NG CONNECTI ON RESI STI VI TY:

CRI TERI ON BELOW 200 [err] = O ABOVE
200 [err] =X TESTI NG CONDI TlI ONS TEST 1

150 [err] C, [-000hr 5 TEST 2 -55[err] C; 1000 hr

TEST 3 WO 96/42106 150 to - 55 C, 500 CyCl es TF‘P%[-E'IJQ%{(OM

121 [err]C 100% 100 hr TEST 5 - 270 [err é; 10.
sec; 5 cycles 10 The evaluation results are denonstrated.: As
can be seen fromthe tables, none of the first to eighth exanples of
this i nvent iBhtBB1FaFe Q5 FrEYENtioR3] RemicoRdnckpr| wRit packages
enbodi ment uses an encapsul ant the viscosity and thixotropy 15 I ndex of
which are béfhaFeinpdn P flip-ghip boading Step COMPOSITIONpEcef VBABLE Use of
such a | owviscosity, |owthixotropy encapsul ant achi eves

sem conduct or dgiusedaskageresin ifder, the pngdpsulantythisotropy dhdex
resistivity agai nst vari ous ~environnmental conditions, regardless
of the structuree saf Highp that aial aRibbIERs addhdlm At eldafilaltifgt YPe
of addition agent, and the typb of conductive adhesive.

42 5 layer. Conductive’ interconnections are damaged in TESTS 3

and 5. On the other hand, in the case of conventional

semiconductor unit packages wherein in a f£lip-chip Sonding
'.'.step COMPOSITION'g ‘of '!'ABLE. 1l is used as a resin binder, the .

resin binder must be heated for'injection. As a result,’

10 conductive interconnections are damaged, and resistance to

thermal shock bécomes low.

INDUSTRIAL APPLICABILITY
The present invention is generally applicable to a
semiconductor unit package in wt_ﬁ.ch a semicoﬁductor -chip is
15' mounted on a substrate through a conductive adhesive by m’ean;.
of i;‘lip-chié bonding. For. instance, the present inventic-:n is
applicable to a mqlti-chi:p module (MCM) in which a device
such. as LSI chip, chip condeﬁser is mounted on a ;ircuit

board, and to a method of manufacturing thé same.
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In each of the first to eighth enbodi nents, a Lew s-base conpound,

men ety s RN L0, o 220,00

rheol ogy nodigheéuies onl y nodifi es " 5 *rhéol ogy but al sopcRffeéerse 2
catal yst for reaction of polyepOX|de with acid anhydride.

This inproves the encapsul ant' s resistance to various

envi ronnment al condi tions. The first conpare exanple is now

di scussed. Thi s CLAIMS: conpare exanpl e uses an encapsulant that is lowin
viscosity 10 but high in thixotropy index and, as a result of being high
in thixotropy index, the encapsul ant injection tine becones | ong.

Thi s causes sone | terc c f | on of
heat and thermal ~ Ock R ﬁi#%?uﬁ%grnﬁéigéawgge Whéfgeggg‘gr%%%é‘f act; that
when t he encapsulant I njection tine s |on he encapsul.ant |a er
hol ds unwant ed ai r {Bdpb| eRmicanductor %?Yiﬁﬂn% hgw TRIRARPRT
application of thermal stress to the encapsulatlng | ayer- occurs

t hereby damagi ng cOhdudtsuestratq & bavingcatteyminal electrode 5iThe second
conpare exanple is discussed. .In this 20 conpare exanpl e; the
conducti ve adhesi vécmsﬁecbwmsehég‘nrode 3 formed on said electrode pad 2 of

said semiconductor device 1;

(d) a conduétive adheéive layer 4 which is formed of a.
conductive adhesive with flexibility and which establishes an.
electrical connection'hetween sald bump electrode 3 and said
terminal electidde.s: and

(e) an encapsulating laier 7 which ié-fo;med by curing
a éoﬁposition having a viscosity of below 100 Pa‘*s and a
tﬁixotropy index of below 1.1 and which fills a gap defined
between said semiconductor de%ice_l and said substrate 6 in
such a way that said semiconductor device 1 and -saié

substrate 6 are medhanicalIY.joined together.

'2. A semiconductor unit package of claim 1,

wherein:

said composition consists essentially of (A) a resin
binder that cpntains at least é polyepoxide, a carhéxylic

acid's anhydride, a rhsoiogy modifier, and a latent cufing
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flexibility and the encapsul ant—used—is—for—exarpl e, a high-
43 WO 96/ 42106

PCT/ JP96/ 01600 Vi scosi ty rE!II“LMI]L!!&WH!H curing type epoxy resin
group. The encapsul ant imu the purpose of .
facilitating ypieggdihen: This causes some interconnections tpcr/ms/ulsnhave
hi gh connection resistivity when the encapsulant is 5 I njected, and

cutoff is likely to occur where unstable interconnections exist in a
t hermal shock reS|stance t

hi gh and the cRERIFTRRL gnal Qghe%.%lfs"’} nﬁ%‘f %%(}%élﬁggt% %%%Iséy 'S

produced when the encapsul ant is injected. The third and

fourth conpar e“‘%&%ﬁﬁﬁles agde dj scussed. In these conpar e exanpl es,

i nterconnections will cut off in a rel atlvel¥ short time. The fourth
9

conpare exanpl e sufsfadds rheology, Badifien funchionssite: fupede \Antaraciiorhen
subj ected to TESTS 4 .and 5. In the third conpare exanple,
15  { nt er conriestwests af frée taxide docsaid@anhydridecst smidhgarbosylic acid
results. In the fourth conpare exanple, the encapsul ant - exerts
strong ther mal arsd ree gRAaragtobpsabi tie vairfachodr paidnfiller. :

3. A semiconductor unit package of claim 2 wherein
- said rheology modifier contains a substance capable of
selective adsorption of said free acid in said anhydride of

said carboxylic acid.

4, A semiconductor unit package of claim 2 wherein

said rheology modifier is a Lewis-base compound.

5. A semiéc;nductor unit package of claim 2 wherei:i
said rheology modifier is either a tertiary amine compound,
a tertiary phosphine compound, a quaternary ammonium salt, a
quaternary phosphonium salt,' or a heterocyclic;'compound that

contains in a cyclic chain thereof an atom of nitrogen.

6. A semiconductor unit package of claim 2 wherein
said anhydride of séid carboxylic ‘acid in said resin -binder

contains at least an anhydride of an alicyclic acid.
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and putoff results. -~ The fifth conpare exanple is discussed.

This conpare 20 exanpl e und [ ' ase in connection
resistivity when subj ect ammmmt"m“mror 5. The reason may be-
t-hat , * c L K448 WD 96/ 42106
PCT/ JP96/ 016 )

hum dity QQP@@%@P%nce, and | ow adhesion at high tenperature. Use of -an
ani sotropi ¢ conductive adhesive formed of a binder having hi gh

hum dity resistance will cause interconnec¢tions to cu S f.f _whe
subjected to a therfral &nhSERipgeguctor uRtt package, cSﬁﬂfJ’Btgrwﬁ'ﬁF?gn
package in accordance with the : resent i'nvention is highly reliable
agai nst vari ousaid 311%??@%@5!h¥9§ﬁﬁ?t cREBing Al e ??%Fa?’? )p,n%ydride
encapsul ant, which contai n pol yepoxi de and acid anhydride (curing
agent) as a 16f a radialkyltetrah hihaldeecacidded in the flip-chip bonding
met hod by a conductive adhesive. If a resin binder nmade up of

pol yepoxi de and acid anhydride (curing.agent) is used as an
encapsul ant for sem conductor unit packaging, this I ncreases the

thi zotropy i ndex of8« he?cSeR3SAPEUETEOF hupiFopeckage of claim 1 wherein

said bump electrode 3 of said semiconductor device 1 is a-

stud bump electrode with a two stepped protuberance.

.

9. A semiconductor unit packaging method whereiﬁ a
semiconductor device 1 having an electrode pad 2 is mounted
on a substrate 6 hgving a terminal electrode 5, said method

* comprising:

-(9) a.first step of forming a bump e;ectrode.s on said
eiectrode.p;d 2 of ;aid semiconductor device 1;

(b) a second step of applying a conductive adhesiv;
around the tiﬁ of said bump electrode 3;

(c) a third step comprising:

performing alignmant'éf said bump électrode 3 and saig
terﬁ;nal electrode-S:

plﬁcing said semiconductor device 1 onto saiq substrate

6; and

50
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15  producing the problemthat the encapsulant is injected to only a
part of a gap between the sem co d the substrate.
The inventors of the present |nviﬂnluﬂHMHﬂHuﬂtuﬂ t hat a high
thi xotropy index results fromi nt éraftibn betwedn a 20 free acid .
cont ai ned m@g g%anhydrl de and a pol ar group at t pergruciotges Of a
filler. ased on this-know edge, the -
45 WD 96/ 42106
PCT/ JP96/ 01600 present invention vi des ans
i npedi ng i RETRRAE et WERTPYIR e sgé'%d %‘FRF‘FEI e ngﬁg sive, °
There is another reason why an encapsul ant, ont ai ns
pol yepoxi de elertriqal §°&ﬁﬁ9§$9%eb?m§aégeh‘t“}l’ el§°tr&§ea3r%%‘? rﬁﬁi"nder
has not been used. That is, such a resin bi nder undergoes hydrol ysis
in a high hummmmmds&- that it has been considered that. use
of the resin binder- causes problens in humdity resistance of
connecti ons. (d st fburthestdy of mpatﬂ.ngeamcdmeapsa;l.aandformed of
reliability.

a composition the viscosity and thixotropy :l.ndex of which are

below 100 Pa‘s and below 1. 1, respectively:;

(e) a fifth step of filling a gap defined between séid
' semiconductor dev;.ce 1 and said substrate 6 with said
encapsulant; and

(f) a sixth step of curing said encapsulant <to

mechanically joitit ‘said semiconductor device 1 and said

substrate 6.

10. A semiconductor unit packaging mefhod of claim 9
wherein:

said composition of said fourth step consists
esgentially of (A) a resin'bip&er that contains at least a
polyepoxide, an anhydride af a carboxylic acid, a rheology
modifier, and a latent curing aﬁcelerator, and (B) a éiller
that is formed of a dielecfric matérial; and

said rheology modifier functions to iméede interaction
between a free acid in said carboxylic acid's anhydrid; and

a polar group at the surface of said filler.
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10 It was confirnmed by the present invention that even if a
resin binder, which uses an acid H"mﬂmujmﬂﬂmmltul arly a
trlalkyltetrahydro phthalic acid curing agent, is
used as an encapsulant in a flip-chig bdnang st'ep, " aresulting

encapsul at i ”Wﬁiw?as sufficient resistance to 15 hum gctapdspidapet
requi rements of practical applications. Addi tionally, such an :

encapsul ant is low in viscosity and al so low in thixotropy index, so
that even if the enc

sul-ant ect roor re Iow
tenperature), it ‘P semic CopAMSTEPE é‘?iglvgﬁcﬁﬁ?%nq rpﬁdﬁgg)teéb# d
characterlstlcs of the 20 ese enca sulant oduce rlous
advant ageou¥herein gsald 4%Y(E§H;ﬁﬁ? Ta§° taﬁn?e§|§$ FEE%Ry ¢
shock. WO 96/42106
PCT/ JP96/ 0180bs &lso as a curipg rec%lﬁe‘?a&orcéﬁveﬂt AgphieskiquishkMReor. unit

packages wherein in a flip-chip bonding step COMPOSI TION f of TABLE

1 | Senespisularet eby n soichdea , trhcecrmmaunt &8 toi prevepy |isedei
is so high that air bubbles are held in the encapsul ating 5 layer.

Conduct i ve kibet&edw efidn exhibetingoges. curitigShScdlerant fdttfion.On t he
ot her hand, in the case of conventional sem conduct or unit packages
wherein in a flip-chip bonding step COMPCSI TION g of TABLE 1 is used

as a resin. binder, the
12. A semiconductor unit packaging method of claim 10

wherein said anhydrlde of eaid carboxylic acid in said resin
binder of said fourth step contains at least an anhydride of

an alicyclic acid.

13. A semiconductor unit packaging method of claim 12 '
wherein said alicyclic acid anhydride of sald fourth step
contains at least an anhydride of a

. trialkyltetrahydrophthalic acid.

14. A semiconductor unit packaging method of claim 9
wherein said bump electrode 3 of said fzrst step is a stud

bump electrode with a two stepped protuberance.

15. A semiconductor unit packaging method of claim 9

wherein in said fifth step said encapsulant is injected
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resin binder nust be heated for esul t, conductive
I nt erconnecti ons are damaged, I IEEM thernal shock becones
| ow. . | LI TY The

present invention is generally appllcable to a sem conduct or unit
package in mﬁ%ﬁ@ QU§Fn1conductor chipis nount ed on ap&inslsiofdes

t hrough a co g adhesi ve by neans of flip-chip bonding. For -

i nstance, the present invention is: applicable to a nulti-chip nodul e
(MCM in which a device such. as LSI chip, chip condenser is_nounted
on a circuit betweenmsadd gRBieeRANGHATAPVEC EPch RphsfFrate,@ at

47 WD 96/ 42106 PCT/JP96/01600
1. A sem corncham drempexratprékage whi ch conpri ses: ~(a) a

sem conductor device 1 having an el ectrode pad 2,

16. A semiconductor unit packaging method of claim 9
wherein in said fifth step said encapsulant is injected
between said semiconductor device and said substrate under a

depressurized condition.

-

17. A semiconductor unit packaging method of claim 9
wherein in said fourth step said composition of said
encapsulant is prepared by: |

providing a.mixtu;e of an anhydride of a cgrhoxylic acid
and a part of a filler;

subjecting said mixture to an aging process; and

adding a polyepoxide and thée remaining filler to said.

nmixture.

18. A semiconductor unit packaging method .of claim 10
vherein said rheology modifiexr contains a substanpe'capable

of selective adsorption of said free acid in said anhyd;ide

of said carboxylic acid.
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(b) a substrate 6 having a term nal el ectrode 5; (a) a bunp el ectrode
3 forned on said el ectrode padmllmmlltmmummnonductor device 1; (d)
a conductive adhesive | ayer 4 conducti ve adhesive
wi-th flexibility and which establiShe's dh, ® efectrical connection between
sai d bunp el g

encapsul ating

viscosity of below 100 Pa's and a

f) °§ and said termnal electrode.5; and pcTIPIGYEREN
ayer whi ch is fornmed by curing a conposition having

fills a gap defined bet vveen sem co ducto vice d.su

6 in such a way tHat" s& Eeg' 5& ?gﬁﬁd‘%é"? °§35§'ﬁ"’3t£§
mechani cal Iy j oi ned toget her . sem conduct or unit kage
claimi, whgraln $aid rheology %’t A&na cbﬁ%?%f’%a%es%ﬂ‘ﬁ’f’g’f‘ﬁy of

a resin binder that contains at |east a pol yepoxide, a carboxylic ac
anhydride, a rheology nodifier, and a latent curing

48 WO 96/ %%106

wherein said rheology modifier is either a tertiary amine

a

t hi xotropy index of below 1.1 and which

trate
are
of
(A
ids

A semiconductor unit packaging method of CT{LJqu(? 1600

compound, a tertiary phosphine compound,  a quaternary .

ammonium salt, a qguaternary -phosphonium salt, or a

- heterocyclic comf:ound that contains in a cyclic chain thereof .

an atom of nitrogen.

.21, An encapsulant for filling a gap between a

" semiconductor device 1 and a substrate 6 for use in the

packaging of a semiconductor unit, said encapsulant

essentially consisting of:

(A) a resin binder that contains at least a polyepoxide,

an anhydride of a carboxylic acid, a rheology modifier, and
a latent curing accelerator wherein the weight percentage of

gaid resin binder is within the range of from 80% to 25%; and

(B) a filler that is formed of a dielectric material

wherein the weight percentage of said filler is within the
range of from 20% to 75%;
wherein said rheology modifier functions to impede

interaction between a free acid in said anhydride of said
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accelerator, and (B) a filler that ielectric material ; and
sai d rheol ogy nodifier functions tlﬂ!ﬂ!ﬁmmH mm“jl on between a free
acid in said anhydride of said car ¢ ael and a polar group-at the
surface of said filler. . A semi conductor unit package of claim,
2 wherein %96/ aigol ogy rmdlfler contai ns a substance capaQi/grotbieoo

sel ective adsorptlon of -said free acid in said anhydride of said .

car boxylic acid. 4. A sem conductor unit package of claim 2
wherein sai d rheol ogy rmdlfler Is a lew s-base co

semi conduct or SHFEC*EAERFEIGr WFaitn P Wier FIWHP Y gR? hﬁm’ﬁﬁﬁenﬂﬁl F?g‘?

either a tertiary am ne conpound, - a tertiary phosphine conpound, a
guat er nary amfiddil@m-salt, ‘a quaternary phosphoniumsalt, or a
heterocyclic corrpound that contains in a cyclic chain thereof an atom of
ni trogen. 6. A sem conductor unit package of claim 2 wherei.n

sai d anhydride of said carboxylic aci d I n a%.md resin binder ~ contains at
| east. an anhydri de®éf a?Pa?‘i’ ylant.iof 21 wherein said rheology 49

modifier contains a substance capable of selective adsorption

of said free acid in said anhydride of said carboxylic acid.

23. An encépsulant of claim 21 wherein said rheology.

modifier is a Lewis-base compound.

24. An encapsulant of claim 21 wherein said rheology
- modifier is either a tertiary amine compound, a tertiar._'y
phosphine compound, a quaternary ammonium salt, a quaternary

phosphonium salt, or a heterocyclic compon_md that contains in

a8 cyclic chain thereof an atom of nitrogen.

25. An encapsulant of claim 21 wherein said anhydride
of said carboxylic acid in said resin binder contains at

least an anhydride of an alicyclic acid.

..

26. An encapsulant of claim 25 wherein said alicyclic
acid anhydride contains at least an anhydride of a

g trialkyltetrahydrophthalic ac:l.d .
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A sem conductor unit package of said alicyclic acid
anhydri de cont ai ns at |east an e““w:mlm“mmr" ﬂllt rial kyltetrahydrophthalic

acid. . A sem conductdr @nit package of claim 1l wherein said
bump el ectro% 6,8{ ol d sem conductor device 1 is a stud bewyreetrest rode .
wth a two steppe pr ot uber ance. 9. A sem conductor unit packagi ng
met hod wherein a seniconductor device 1 having an eI ectrode pad 2 1is
nmounted on a substrate 6 havin term_nal. el ec sai d t ho

conpri si ng: 2y PR P?Faggﬁ 2t Pf ™ ?’EFE'& q'%l d

el ectrode pad 2 of said senmi conductor device 1; g second step of
appl yi ng a colimderyanddRadid, Lillex, Rre hérf'?‘?ﬂ%’f Qi 8t Hr’rﬂsel%cﬁ’&f@ 3;

(c) athird step conprising: perform ng alignnent of said bunp

el ectrode 3 addguddd term nal el ectrode 5; pl aci ng sai d

sem conductor device 1 onto said substrate 6; and

28. An encapsulant of claim 21,

said resin binder having a composition wherein:

(a) the chemical equivalent ratio of said anhydride of
-.said carboxylic éeid to sai& polyepoxide is within the range .
of from 0.8 to 1.1;

(k) the weigtii: percentage of said curing accelerater po
the entirety of sei.d resin binder is within the range of from
' 0.3% to '3%; and’ |

.(-c) the weigh_i: percentage of said rheology modifier to
-'l:l;e entirety of said resin binder is within the range of from

0.02% to 0.3%.

29. An encapsulant for £illing a gap between a

semiconductor device 1 and a substrate 6 for ‘use in. the

' . packaging of  a semiconductor unit, said enca.ps_ulant‘
essentially consisting of:

(A) a resin binder that contain's at least a polyepoxide,

an anhydride of a carboxylic acid, a rheology modifier, and
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establ i shing, through said cond i i an electrical connection
bet ween sai d bunp el ectrode 3 aamﬂmil’m alﬁﬁlufel ectrode 5; (d) a
fourth step of preparing an enc 3 a conposition the

Vi scosity andwlgYesdies OPY | ndex of which are bel ow 100 Pa'spapgpdsphéee 1. 1,
respectively; (e) afifth step of filling a gap defined between said

sem conductor device 1 and said substrate 6 with said encapsulant; and
(f) a sixth step,of curing said epcapsulant to mechanically joint said
seni conduct or Be¥PtePY "ﬂ"ﬁ%‘“‘?a?ﬂce tqr, Mhegein the wedght paxaentrin @for
unit packaging nethod of claim9 wherein: sai d conposition of said

fourth step cofidtdizesin bindey| 1§ within) the range fnfeom 1804t too25%i randat
| east ,a pol yepoxi de, an anhydride of a carboxylic acid, a rheol ogy

modi fier, and a |'at@l @ufiblencthatris oformed ¢B8)aadielémtrid medtdriailor ned
of a dielectric material; and
. wherein the weight percentage of said filler is within the
range of from 20% to 75%;
wherein said encapsulant is prepared by:
providing a mixture of an anhydride of a carboxylic acid
' '.and a part of a filler;
subjecting said mixture to an aging process; and

adding a polyepoxide and the remaining filler to said

mixture.
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said rheology nodifier functions to inpede interaction between a free acid
in said carboxylic acid' s anhydride and a polar .group at the surface of
said filler. WD 96/ 42106

PCT/ JP96/ 01600 _ 11. A sem conductor unit packagi ng nethod of claim?9
wherein said rﬁ?%ﬁﬁ\é modi fier contains a substance, which Rqipeddises S a
curing accelerator for a-double-liquid type encapsulant, by such a trace
anount as to prevent said substance fromexhibiting its curing accel erant
function. 12. A sem conductor unit packagi ng nethod of claim 10
wherein said anhydride of said carboxylic acid in said resin binder of .
said fourth step contains at |east an anhydride of an alicyclic acid.

13. A sem conductor unit packagi ng nethod of claim 12 wherein said

alicyclic acid anhydride of said fourth step contains at | east an
anhydri de of "~ a trialkyltetrahgﬂrgfgthalic aci d. ' 14. A
sem conduct or unit packagi ng net hod bf ‘aim9 wherein said bunp el ectrode

3 of said first step is a stud

SEM!C?NDUCTOR DEVICE

ELECTRODE PAD ‘
g BUMP ELECTRODE

PERY
-
o o
Yy
-

A CONDUCTIVE .
ADHESIVE LAYER

5 .

}/ / / / / / / { TERMINAL ELECTRODE
s - .

lree il
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bunmp electrode with a two stepped protuberance. 15. A sem conduct or
unit packaging nmethod of claim9 wherein in said fifth step said
encapsul ant is injected _ 52 WO
967 42106 : _ PCT/ JP96/ 01600  between said

sem conduct or, j 1 and said substrate 6 at roomtenper

16. A senicoﬁgﬁg¥%ﬁ%unit-packaging met hod of claim9 - wherein |nlg§id.
fifth step said encapsulant is injected bet ween sai d sem conductor device
and said substrate under a depressurized condition. 17. A

sem conductor unit packaging method of claim9 wherein in said fourth
step said conposition of said encapsul ant is prepared by:

providing a mixture of an anhydride of a carboxylic acid and a part of a
filler; subj ecting said m xture to an agi ng process; and

Fig.3
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addi ng a pol yepoxide and the remaining filler to said m xt ure.

18. A sem conductor unit packagi ng nmethod of claim 10 wherein said

rheol ogy nodifier contains a substance capabl e of selective adsorption of
sald free acid in 'said anhydride of said carboxylic acid.

53 o Relahrod-06 BEHipdRRGoR 1600
19. A senicoxghcto%%unit packagi ng net hod of claim 10 wherein said .
rheology nodifier is a Lew s-base conpound. 20. A sem conduct or

unit packagi ng nmethod of claim 10 wherein said rheology nodifier is
either a tertiary am ne conpound, a tertiary phosphine conpound, a
quat ernary ammoni um salt, a quaternary phosphonium salt, or a
het er ocycli ¢ conpound that' contains in a cyclic chain thereof an atom of

ni trogen.
Fig.4(a)
R g A
N\ .
~20
_Fig4(d) -
A e o
20
Fig.4(c)
NN N NN AN NN
SIS
Fig.4(d) .
ORI R s
Fig.4(e) | o 5
. . " A 7 '

3/17



21; An encapsulant for filling a gap between a sem conductor device 1 and
a substrate 6 for use in the packaging of a sem conductor unit, said
encapsul ant essentially consisting of: (A) a resin binder that
cohtains at | east a pol yepoxide, an anhydride of a carboxylic acid, a

r heol ogy nodi ghd a latent curing accelerator wherei nptpSpobRidht

per cent age of&’salJ resin binder is within the range of froﬁ?20@6tgﬂg5@é

and (B) afiller that is formed of a dielectric material wherein the
wei ght percentage of said filler is within the range of from20%to 75%
wherein said rheology nodifier functions to inpede interaction between a

free acid in said anhydrlde of said 54

WD 96/ 42106 PCT/ JP96/ 01600  carboxylic
acid and a polar group at the surfaceEpLGf filler. 22. An
encapsul ant of claim 21 wherein said 3§y nodi fier contains a

subst ance capabl e of selective adsorption of said free acid in said
anhydri de of said carboxylic acid.
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23. An encapsul ant of claim 21 wherein said rheol ogy nodifier is a
Lew s- base conpound. 24. An encapsul ant of claim21 wherein said
rheology- - nodifier is either a tertiary am ne conmpound, a tertiary
phosphi ne compound, a quaternary ammonium salt, a quaternary phosphonium -,
salt, or a he gklc conpound that contains in a cyclicpchapssnideer eof
.an atom of ni ogen 25. An encapsul ant of claim21 wherein said
anhydri de of said carboxyllc acid in said resin binder contains at

| east an anhydride of an alicyclic acid. 26. An encapsul ant of
claim 25 wherein said alicyclic acid anhydride contains at |east an
anhydride of a trialkyltetrahydrophthalic acid.

55 WD 96/ 42106

PCT/ JP96/ 01600 27. An encapsul ant of claim 21 wherein said resin
bi nder and said filler are arranged to stay as a single . .

Fig.
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l'i qui d. 28. An encapsul ant of claim 21, sai d resin binder
havi ng a conposi ti on wherein: (a) the chem cal equivalent ratio of
sai d anhydride of said carboxylic acid to said pol yepoxide is within the
range. of fromO0.8 to 1.1, (b) the weight percentage of said curing
accel erator t ntirety of said resin binder is within . of '
from 0.3@6t693 qméﬂg - (c) the wei ght percentage of sargﬂﬁﬁ@gﬂggy
nodifier to the entirety of said resin binder is within the .range of from
0.02%to 0.3% . 29. An encapsulant for filling a gap between a

sem conductor device 1 and a substrate 6 for use in the packaging of a
sem conductor wunit, said encapsulant essentially consisting of:

(A a resin binder that contains at |east a pol yepoxide, an anhydride of a
carboxylic acid, a rheology nodifier, and '
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W0 96/ 42106 PCT/ JP96/ 01600 a | atent
curing accel erator wherein the wei ght percentage of said resin binder is

within the range of from80%to 25% and (B) afiller that is forned
of*a dielectric material wherein the weight percentage of said filler is
within the raage af. from20%to 75% wherein said epefasvdoid | S
prepared by: provi ding a m xture of an anhydride of a carboxylic
acid and a part of a filler; subj ecting said m xture to an agi ng
process; and addi ng a pol yepoxide and the remaining filler to said

m xture

Fig.11
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