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| NVENTI ON 5 WORH/E189 of the Invention This invention relates t&CHEBAMSA, e
and process for nounting a sem conductor chip, such as |large scale
integration ("LSI"), on a carrier substrate. Brief Description.of Related
Technol ogy 10 In recent years, the popularity of small-sized
el ectroni c appliances, such as canera-integrated video tape recorders
("VTRs") and portable tel ephone sets, has nade size reduction of LSI
devices desirable. As a result of these reduction desires, chip size or
chi p scal e packages 15 ("CSPs") and ball grid arrays ("BGﬁs") are being
used to reduce the size of packages substantially to that of bare chips.
Such CSPs and BGAs inprove the characteristics of the el ectronic device
while retaining many of their operating features, thus serving to protect
sem conduct or 20 bare chips, such as LSIs, and facilitate testing
thereof. Ordinarily,- the CSP/BGA assenbly is connected to electrical
conductors on a circuit board by use of a solder connection or the |ike.
However, when the resulting WD 98/ 32159

PCT/ US98/ 00856 structure is exposed to thermal cycling, the reliability of
t he sol der connection between the circuit board and the CSP/BGA often
beconmes suspect. Recently, after a CSP/BGA assenbly is nmounted on a circuit
board, the space between the CSP/BGA assenbly and the circuit board is
often now 5 filled wtch a sealing resin (often referred to as underfil
sealing) in order to relieve stresses caused by thermal cycling, thereby

i nproving heat shock properties_ and enhancing the relj of the
structure. However, Iﬁ% Wﬁmﬁ?ﬁf’{:f-’ 35 HOUNTING,; 334#%%5% as the
underfill sealing nat- y 8 g e—after the

CSP/ BGA assenbly is nounted on the CIrCUIt

BACKGROUND OF THE INVENTION

5 ield of the Invention

This invention relates to a structure and process
for mounting a semiconductor chip, such as large scale

integration ("LSI"), on a carrier substrate.

Brief Description of Related Technologx

10 In recent years, the popularity of small-sized
electronic appliances, such as camera-integrated video tape
recorders ("VTRs") and portable telephone sets, has made
size reduction of LSI devices desirable. As a result of
these reduction desires, chip size or chip scale packages

15 ("CSPs") and ball grid arrays ("BGAs") are being used to
reduce the size of packages substantially to that of bare
chips. Such CSPs and BGAs improve the characteristics of
the electronic device while retaining many of their
operating features, thus serving to protect semiconductor

20 bare chips, such as LSIs, and facilitate tesﬁing thereof.

Ordinarily, the CSP/BGA assembly is connected to

electr?cal conductors on a circuit board by use of a solder

connection or the llke._ However, when the resulting
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board, it is very difficult to replace the CSP/BGA assenbly w thout
destroying or scrapping the structure inits entirety. To that end,
techni ques fwoaspersi ng a bare chip on a circuit board are ac@®€IVEII8Eesss
substantially simlar to 15 the rmunti‘r?g‘ of a CSP/BGA onto a circuit

board. One such techni dis fat

102343/ 93,  STRRGRETY i uﬁ?‘Pﬁlaeg §§esél°mé?2%”f% c?ﬁrﬁe Llaéj;jllxe

connect ed t othecsotdét boandcbyonsbetvesnprdteo cuirrahi e em:bmsdv@dmh}é?e in
event of fai J:g%%c;{;héﬁ%:ggr?e‘&gh\os' Suls %‘%\éed d\;\éﬁe‘?{trl%}“ dPVeVes Céiﬂ}/ﬁGA

techni que is sein tances ere the circuit board
i ncl udes a taasspatenissubyntgte obe 3g cirgudds)ooaidh Hig FRICRXPBEVRET! o

light fromtpg Db bfleasaBaph e anes Wd ng i bl@tw&&xm b £ 8eROREWheat
shock proper iﬁ%séggé%aﬁegg |dQeQann Pat ent Publl i cation . 69280/94

di scl 0s& a pibtedswipkara ﬁeﬁéﬂégcﬁ‘e&%ns QiLsr %%‘Fﬁféc’f%da%Sund?‘ﬁfén

substrate bysuge;ifh) alheglrﬁeQa@@)b|z%1q_fedéarsiﬁ:msfﬁ}as§itca1@é@db§ret]‘nafh&dl
tenperature. In_thée event ure, this bare C}hlhéj is removed fromthe

substrate byC¥6LiBEN nﬁh?ﬁégﬁ’eé'lnwré’tv%gc &5y 07 SRR TRE
pr edet er ni negnhaApehat Uhe. reQWewdrl ity cfpeartid istrestures di scl osed, and

there is no disclosure_about treatln e C
substrate. Thus, the 8P¥&EVS%ed S pr oc?gstsh%?%rloa{é%e@é [ %%%?r%? e%ggaigﬁﬁga%tlgd

out in JapanesedPasenheLandleedJJ\l@eallnét)n%i@@lésb, in the event of a
PCT/US§${008§gl}ﬁre %%@4/%%a'dSﬁf%%?”&@EEdﬁN?ﬂ1é0m&§§tédsehveﬂé L9 rteRBve

resi du resin“fromthe circuit boa

However, swel Pe resin ngh a
solvent is abpRid.céhsdsi VEIPT SHdds AHE thR XeRTeE v"eh%rg%tﬁ BGAcpgsem

ordinarily ua,eqhaatt B%s%%\ﬁ@fg B Jaisidd e kel sebhttbyeoint hescircuit
board. Instead, . that disclosure speaks to a nmethod for renoving

r esi dual res?ﬁtﬁyetb’r adl ation with el ectromagnetic radi ati on. Japanese
Pat ent Lai d- Open No. 2TH51#/=33 eald0 techniques for mounting a bare chip

on a circuit board are accepted as substantially similar to

15 the mounting of a CSP/BGA onto a circuit board. One such
technique, disclosed in Japanese Patent Laid-Open No.
102343/93, involves a mounting process where a bare chip is
fixed and connected to a circuit board by use of a
photocurable adhesive, where, in event of failure, this bare
chip is removed therefrom. However, this technique is

20 limited to those instances where the circuit board includes
a transparent substrate (e.g., glass) which permits exposure
to light from the back side, and the resulting structure
exhibits poor heat shock properties.

Japanese Laid-Open Patent Publication No. 69280/94

discloses a process where a bare chip is fixed and connected

25 to a substrate by use of a resin capable of hardening at a
predetermined temperature. In the event of failure, this
bare chip is removed from the substrate by softening the
resin at a temperature higher than the predetermined

temperature. However, no specific resin is disclosed, and

there is no disclosure about treating the resin which
30 remains on the substrate. Thus, the disclosed process  is §t
best incomplete.

As pointed out in Japanese Patent Laid-Open No.
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. A
di scl oses’ a mounting process using bi sphenol A type epoxy resin (CV5183 or
CV5183S; manuf actured by Matsushita Electric Industrial Co., Ltd.).
However, theWPElB¥P 10 process so disc]osed does not consi SHEHUSIB/OGSEN t
easy renoval of the chip, the curing step is |lengthy at el evated
tA- errpe(r]I at ulr esmtaerwmg gﬁ oggsgs,oggleﬁeta;bhﬁlr euhise Iatﬂ_mqretrw OgélCi-ér}{g{rr&
ccordingly, it, e, desira o .have a_nouniing structure )
seni conduct cﬁesd’é%%esr%?-’éh%?"@ﬁdf: FFTCULEBPAA% | AIRVEN entWalt AnBur e
is found ancite prostsswioh habbloahtngssucht imesidditduitng PAGPEYs BndHEnhe
I'NVENTI ON The_ presgent invention grovi €s _a.nountin strycture for
sem conduct ST TES WFRHLEnaGHEEs O 3F2T id¥hi (f IR LECRE (BAYas a
CSP/ BGA assearddyge ithehrébthbhdddtg séntchenduaioari tcbgqardunt Bilsos8ad, cahater

substrake, to. e nected to,a ciycuit board by short-tine.heat
S hg ey B RASEEH Lo 2R0TEE' Sk ALt mAAY NI 1 KA BB,
properties (lorradietvdncytth plepsromegnetdud neetimttion he CSP/ BGA assenbly
to be 25 easily rem)..’r’%gaﬁégg‘ bheeqir guiily _Board 4 t L£VE %Qeglso

seni conduct or, device or tonnection failure. The present” 1nvention al so
provi des a ESOPIT 2 ePARREAEIsHERCE SHD WSnGy bsitsnhane e A THEPADEROKNQ

structure inddides(@sess copdegtep3deVingsu AMitclh-dd 38} fmd ik allesa a

sem conductor. chip, nmounted 30 on_a carrier substrate,” and a circuit boar d
to which t hé& SR dtRESFEHeILcEOi s &Ect i cAMPUBIMdt R NP s pace

bet weehOt he pxdd ¥ Saibgisalesell Hbessawi-CeusiGiserteM) GRermi R 832159
4 fPC%’/U 8/ 00236 and.the circuit boarc{yl,s sea.Led vméh a
reaction prdfRIVaF 2f t HaTnBREPri hSr EYFAPEFEER thDrCRTEY BhposeY RbR

i ncl udes abamdmgdxhtparts, byndetbht pebcas sepgexiye r=dsiyn, reah i s 3ih opabout 60
parts by wei d@étf\,ln: r[ ng agent and about 1 to about 90 parts by weight

of a plasticizer.
Accordingly, it would be desirable to have a

mounting structure for semiconductor devices which readily
15 removable in the event a failure is found and a process for

fabricating such a structure.

SUMMARY OF THE INVENTION

The present invention provides a mounting
structure for semiconductor devices which enables a-
semiconductor device (such as a CSP/BGA assenbly) which
includes a semiconductor chip mounted on a carrier
substrate, to be securely connected to a circuit board by
short-time heat curing and with good productivity, which
demonstrates excellent heat shock properties {or thermal
cycle properties), and permits the CSP/BGA assembly to be
25 easily removed from the circuit board in the event of
semiconductor device or connection failure. The present
invention alsc provides a method for repairing such a

mounting structure.

The mounting structure includes a semiconductor

30 device, which itself. includes a semiconductor chip mounted
on a carrier subgtrate, and a circuit board to which the

-

. . , R - ° “xa-
semiconductor device is electrically connected. The space

between the carrier substrate of the semiconductor device
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5 The present invention also relates to a nounting process fo#
a sem conductor device, the steps of which include electrically connecting

a sem conducd 9gizaasce to a circuit board;, infiltrating a therepfibdfodss
resin conposition into the space bet ween"the carri er subs{rate of the
sem conduct o eyice ' sen conductor.,chip mounted L O on _a carrier
substrate an ntgh\éh%i rcg%?é%ﬂ%o}roc?%@anl S tWe&E‘ h%rﬁ%%%‘fi‘?ﬂgpFQQPﬁF Ofl a
conposi ti on bjerhesgpplingatdesirofcdwgatsifdrer tTieise@dmposlﬂcieﬁhdﬁw_ﬂ.Qalesz
nount ed, the ti I f r |.hvention. may_fur r.include
the steps of a?gg?i %Bge ggt%%lsc%af w;ftrl%gietftﬁ?}%fé%%ﬁér)%hﬁ %%é‘rlé gntﬁhl ch
t he sem cond@eeBf égvpéé'tiss byoweiaht & a iquiting eagemt]?apclﬁaabqup nnsﬁ.hfa
testing stepaphb@EDYONGabRE SRMWBRFHHCIL L& plithe failure site while
heati ng i he ﬁeibghbor hggd of the failure safj?el% rermlyl ng the residue of the
reacti o product of th&hehenessatt iimyerdsion ciposiélates r om &heoaht tnigt

board or fro o] m_of, 1 condugct or device by heating,i.t.to a

pr edet er ni negl‘éggsgt %Er?%eraatsl?ﬁlg,%oﬁlr%rfpﬂr%éjﬁat#:%vglqet’ wih 3reR? g%#i @héfﬁlvent,
with or withbdoeluge gppiitedcadd yofcadmemctaing mrwﬁmmmze?eiaeEte; aand
renmovi ng the ,due he ;e ri Gal cQnuct r .fromthe
circuit boargigéhggoﬁ?t&ﬁg'b(%t?ltfg%ttglfa%?hdg/saem con u% otIFTﬂIl y}l'-%ej.' In this way,
t he def ecti vEOPBEPELEARNbANLEp&NceFPa® between the gdrhbeghsuhstrate of

t her moset t i Nnghé esbMi EORBOSLOMHSRS iHAihEy Y %%?ﬁcéﬂﬁ'@@ﬂéfgch§ coaptegat

a rel atiovel y Iowteg]r_geratur in a short period of time, cured reaction

products thePBof ERRFBHPE SXOELFENE RES %(ﬂ@-rﬁ%rﬁqwanﬂ?ﬁinﬁ\ﬂééxﬁﬁr theay
be easily spthérhbyseheiapplieedii @:la:rr@fgsfi(tri(& W@}E&Q@éﬁﬁl@a@@?@%l Qﬁzheatd
Further, the cured reagtiqn pr.aduct ttached to circui ar an
the |ike may be easil yg%g%ﬁ:vgg‘ebfeﬁléfﬁnf&c I%‘ﬁg"%’t% 'Bo‘é%’f'%‘gnt F?ISr
swelling w tmonnsbnggproaaaer clfe &thed premaint drszent 10 @8y 3RdHOher
PCT/ US98/ 00856 ByqusERG arber BRSELLRNG B3Ik SAROS | 1) ey SEL CQRIKRLOT
devi ces, such as CSP/BGA asSenblies, carm be

~circuit board on which the semiconductor device is mounted;

15 in the event of failure in the testing step, removing the
semiconductor device at the failure site while heating the
neighborhood of the failure site; removing the residue of
the reaction product of the thermosetting resin composition
from the circuit board or from the bottom of the
semiconductor device by heating it to a predetermined

20 temperature, impregnating it with an organic solvent, with
or without the application of heat at a predetermined
temperature; and removing the residue of the electrically
conductive material from the circuit board or from the
bottom of the semiconductor device. In this way, the
defective part can be repaired.

25 Although the thermosetting resin composition used
in the present invention is curable at a relatively low
temperature in a short period of time, cured reaction
products thereof exhibit excellent heat shock properties
and, moreover, may be easily split by the application of
force under heated conditions. Further, the cured reaction
Products attached to circuit boardg ang the like may be «

easily removed by heating, swelling with a solvent, or

30

swelling with a solvent under heated conditions.
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N 3

securely connected to a circuit board by short-tine heat curing and with
good product.i vi and the resulting nounting structure has e at
shock propef@ %%y t hermal cycl e _pr-operties). Mbreover, éﬁﬁ%%ﬁghgggnt
of failure, the sen1conductor devi ce can be easily renoved. This
facilitates reuse ofgymugﬁﬁ@canﬂMGfmbsdevhng @k sihr edrpdEiiarichn t-her eby
achi eving an i.npr n the yield of t ucti o r:QgC
reductlonl%?ﬁég§ﬁﬁﬁr§%Fc RY1<S% BREER 5@8@%?2%ﬁ%N eﬂﬁé i&ﬁ&%ﬁ%ﬁg

pr esent Inw&aﬁnﬁmymddnﬁﬁcmmdetoeadchycapprboaade@ymﬂhonﬁﬁ&ﬂm&uheab t he
figures which foIIo p S I ng an
exanpl e ofqﬂﬁ§9ﬁnﬁllng é% % ?ﬁrngéuéﬁgQg? se%%hi%&%n%%ﬁ?ﬁfq 2 depicts
a cross- seatdwrzEing i swreftare ehftg ondgelsengeticas Tk MECBRIEH ¢ 2nbREd
fromtge ci & Q@tiée -puiiBesey accarfivye ta dde of esent
|nvent|§on #ﬂiﬁ%ﬁr# 9 NVEI\ITIeO\I 20 An exanpl e of he
mount i ng stiraickue oihe h‘éefm@@’éﬁtlcr-ﬁ%ﬁﬁ"éﬁel SN &t 937 G TIMOVRR-

sem conduct@y; deyi £f) A sed LBukbeopr eh@nbehﬁ\:@ﬂdmdzs aneidoreed by
connecting a sem conductor chip, ("b p") 2, such as L$4q1§ba cariler

a

Substr at 6 eh odrog ¢ ESOPABY SenTeviEbe st S YIRS e

sem conductgy weyigeodSciDont podksa phddat ereduied qrosin immddctbenci rcui t

board 5, and electrodes 8 and 9 are electrically connected by a suitable

connect|0n9ﬁ§ﬁs, such as solder. In order to inprove reliability, the

spacelbet ween carrier substrate 1 and circuit board 5 is sealed with a

t hernosetting resin 30 conp05|t|on mhlch |s then cured into a reaction

product 10. The cured reas PSS 5 1 LIRS RPt i Ng resin

conposition need not np! b ubstrate 1

P ey poed ot 88 gggsggt l}qkremq_om&ﬁl PR SHELEL 1§
appreciated with reference to the figures which follow.

FIG. 1 depicts a cross-sectional view :showing an
example of the mounting structure of the present invention.
1 FIG. 2 depicts a cross-sectional view of a
semiconductor device which has been removed from the circuit
board for repairing purposes according to the present

invention.

DETAILED DESCRIPTION OF THE INVENTION
20

An example of the mounting structure of the
present invention is shown in FIG. 1. The semiconductor
device 4 used in the present invention is one formed by
connecting a semiconductor chip ("bare chip") 2, such as
LSI, to a carrier substrate 1 and, sealing the space
25 therebetween with resin 3. This semiconductor device is

mounted at a predetermined position of the circuit board 5, -
and electrodes 8 and 9 are electrically connected by a
suitable connection means, such as solder. In order to
improve reliability, the space between carrier substrate 1
and circuit board 5 is sealed with a thermosetting resin
30 composition which is then cured into a reaction product 10.
* The cured reaction product 10 of the thermosetting resin
composition need not completely fill the space between

carrier substrate 1 and circuit beoard 5, but should f£ill
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WD 98/ 32159 6 PCT/ US98/ 00856 t hat spﬁce
to such an extent as to relieve stresses caused by thermal cycles. Carrier
substrates mayogimisonstructed from ceram ¢ substrates made of pCT/US98/00856
Alferr]Jerr], SiNerr] and nullite (Al ["ér‘r] Jerr]-SiJerr]); substrates or
t apes nmade qf, heat-resistant resins_suc

Lyi m des;
01 Bes- 1ol nf 1Ak AR CABSGhEpHERbEE Sanerr APSASNA R TRFESR SR iRedh
comonl y as gy radhermdibacywislesand the |ike. No particular limtation is

pl aced on the means foéaﬂfﬁré&ﬁéii‘aggggﬁgﬁri 98 £BR SR ecRAYGLAY ff)é‘}aﬂhitco

the carrier substrate, and ere nmay oyed connection by a

hi gh- nel ti ngEsitistes mhdetof cAli0s, (SiNamirsbtmuapiide | {ALl.Oendueili ve
adhesive, wr onding, and the like. Ln order to facilitat.e connections,
FheCel oot r OPHARGAS1of eAPEE Bpsot MBRRbCGrRE ek e RinT ML AT he
reliabiPity moldshiidds ) | §Yaoé - coinfotrtedsepbhiy, s paSe anet whemalie

sem conduct or. ,chi the carrie bstrat al ' :

sui tabl e ressil‘hk?gullﬁae@é;%n‘f%%% u%{‘%rg%égi gégﬁmﬁpgﬁ%&aﬁz Ea% l?g'g-é:%?ﬁ:t eapll;;arsg’sent
i nventi on i rxididehecSPskand BGAs. No particular limitation is placed on the

type of circuit board gsedsif; Lhe, Presmn agsﬁmggaisogaa@g% et d oY 36 used

any of various comon circult boards, suc . | ass-rei nforced epoxy,
ABS and pherf®1t clrrwicathy ¢orrassingi hjer 86Mmi cOBMNSEOT SR ikhith Re used

as a seal er dnderdi | diHge bet ¥eeing Uehe PeSRBYC BRABGHALYIRY icirtitt fbrC i B W t
board g which the sem condfgtor devjce is ellictrl cal l'y connected,, includes
about 100 pattEyiEhetyht Sordsh %‘f)oiiveFEEFLﬁ? BodPrs 3 s R oafk s by
mfight ofaaéH%?udﬁHﬁ@ga@@@@iveagdiﬁéOﬁbnaihg,abﬁdlt%& Qdndes. bwfmﬂmﬁérof a
pl astici zer._ The epoxy_resin used.in t resent _i nvention,can be any
Comon epoxyEF ST LTRSS oFORS TP RE rmb B0 BUEr SE AT 89 Hond ornedas

mul ti functi dnatpepoxjoresver anin JotdeB80% suploxe 208 reyl iwdbighittbasedl on
the total epqyy. in. o : u ' I OoXy resin used
as a reactive cﬁ%ﬁ%ﬁ% %%aéc?llélggﬁﬁéga’enggtgy%g%f ?’%ﬁt%%glartr:p es of the

nul ti functi ciRmiegrdycexsi@hip and the carrier substrate may be sealed

15 with a suitable resin.

The semiconductor devices which can be used in the
present invention include CSPs and BGAs.

No particular limitation is placed on the type of
circuit board used in the present invention, and there may
be used any of various common circuit boards such as

20 glass-reinforced epoxy, ABS and phenolic boards.

The thermosetting resin composition which is used
as a sealer underfilling between such a semiconductor device
and a circuit board to which the semiconductor device is
electrically connected, includes about 100 parts by weight
of an epoxy resin, about 3 to about 60 parts by weight of a
25 curing agent, and about 1 to about 90 parts by weight of a
plasticizer.

The epoxy resin used in the present invention can
be any common epoxy resin. This epoxy resin may comprise at
least one multifunctional epoxy resin and 0 to 30%, such as
20%, by weight based on the total epoxy resin of at least
30 one monofunctional epoxy resinﬂpsed as a reactive diluent,
or crosslink density.modifier.

Examples of the multifunctional epoxy resin

SUBSTITUTE SHEET (RULE 26)



gp 9ﬁ/32%52 PCT/ US98/ 00856 i ncl ude
I spheno type epoxy resin, bisphenol F type epoxy resin, phenal-nov C
type epoxy r¥Q¥R{¥:sol -novol ac type epaxy. resin and appropri aFgT’US%/OO%éi
conbi nati ons thereof. Consideration should be given to the viscosity and

ot her pr OPeritd'hc.qSulLdf 'Hfiquy AeSyPe apoxer diesdn,| YHitdpthémol ral typenepospal
epoxy resin shou I.nc e _an_anount w thin about. the rang t 0%
of bisphenolr%ltrypé’kéﬁ)‘b “PRY ﬂ?cDggPFasPWYt ﬁéesalrlrlmfrﬁesoq%}és{];’)%%%%lBﬁ%ypqe :
resin shoul ceuexy nrdsdin r amg eappropoimibogbmdd nad 1D0GLt HErewdnof unct i onal
epoxy resin has one 0 y di.ngril I 0, ave an
al kyl 20 gﬁéﬂﬁ%é&réﬁké% %ﬁggygbgétbgg%?a¥ﬁbkﬁgi§ﬁ§¥¥§§ﬁ ﬁ§§§o§£aﬁ?ch
i ncl ude C erprjop@erids abRythgl gpbuyl resharn s ang endirgwk¥y ety acid
glyci dyk estars At eonds okl abbybphepeh Olididde dlteioulBewithin

In the p t whi ch h

pl asticl zer use rese fnvention I's one I C as relatively | ow

vol atility abaHartis erangd of A0b5PI 1A *poidht BHSRACNRat BR%t BSBYerr] C
and whi Ch | Qg s, { hehd i Fabey, Cuhedansastl OF mididrobia tigpé eabin |t 1s
Si le to use a plasticjzer materia ich causes ncroscopi c phase
separation vHSREAP? esRnthE EEPER. Ofin iFre™ -ﬁé’?éltnastoerti%ljsgife referred to
herein as p: iast i cizer STh% heynoéadchabnplr fegionyt hedimtiaongse epoxy
conventi ona assocjated wi.th plasticizers. 20 anp! such
pl astici zer Sg]?/(?ll(]:? udeé’("ﬁrb?ﬁf éé?’yl %‘%%&P@?‘é’, %ﬁ&Pa%r%qﬁ‘%s%%%l #%h%g‘ i
est er s10( Metdwyaup yof cakstier § tisehbbuss 28 astibsi ertsons), t¢kampheenpifowhich
i ncl ude nonof unct L onal (met crwl. ¢ e ch~as- ( cryl:iic esters
of straight -Jcrh‘gf‘ﬁa%rgﬁrééha%g‘é'ala@i%%tﬁf a%%%%%‘lgé, Cs ?cﬁégﬁ%g)é?yh}éédgst ers of
al i phatic algcphol gyhayiparanaanotRl ¢ AMEyDSREROD §UPst Bl Uert heraup,
(nmeth)acryliT esters of alicyclic alcohols, hydroxyl-containing alkyl

(meth)acrylic esters, .Bhd pheshjigdepx asest dis tdie IRyt al RPRBELSNakSnes;
and one which has relatively low volatility as characterized by

a boiling point of at least about 130°C ‘and which lowers the

s Tg of cured reaction products of the resin. It is desirable

to use a plasticizer material which causes microscopic phase

separation when the resin is cured. While these materials

are referred to herein as plasticizers, they need not

perform the function(s) conventionally associated with

20 plasticizers. ’
Examples of such plasticizers include
(meth)acrylic esters, and aromatic or aliphatic esters.
(Meth)acrylic esters useful as plasticizers in

this invention include monofunctiomal (meth)acrylic esters,
such as (meth)acrylic esters of straight-chain or branched
- aliphatic alcohols, (meth)acrylic esters of aliphatic
alcohols having an aromatic hydrocarbon substituent group,
(meth)acrylic esters of alicyclic alcohols,
hydroxyl-containing aikyl (meth)acrylic esters; and
(meth)acrylic esters of hydroxy aliphatic amines; and
multifunctional (meth)acrylic esters, such as (meth)actylic
esters of polyethers'énd {(meth)acrylic esters of polyhydric
epoxy coppo%nds. . .

) . . -
(Meth)acrylic esters of straight-chain or branched

aliphatic alcohols useful as plasticizers in this invention
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mul ti funct
pol yet hers
(Meth)acry
useful as

lonal (neth)acrylic esters, such as (nmeth)acrylic esters of
and (neth)acrylic esters of pol yhydric 30 epoxy conpounds.

| WO B5¥Ps of straight-chain gf_branched aliphati c PATEGH8[08856
pl asticizers in this invention WD 98/ 32159

8

PCT/ US98/ 008561186 HHE8sEhas e nwabbuibaut: A atmmbcw b hpromd ONBucsugd as

n-butyl (neth)acrylate, isobuty th ate t but y| (neth)acry at e,
2- et hyl hexyR-PWeY )é@??h&?gryﬂaﬁévyPﬁgh& @ Bty | £-but Yl
(meth)acryl tetradecyl

(rmeth)acry
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useful as plasticizers in this invention include
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. Hydroxyl- contalnlng alkyl (meth)acrylic esters

hydroxyethyl (meth)acrylate, hydroxypropyl (meth)acrylate
and 3-phenoxy-2-hydroxypropyl (meth)acrylate.

(Meth)acrylic esters of hydroxy aliphatic amines
useful in this invention include (meth)acrylic esters of
amines represented by NR'R’R’ where R', R? and R® independently
represent hydrogen, alkyl groups, hydroxyalkyl groups or
hydro-poly (oxyalkylene) groups, and at least one of R}, R?
and R’ is a hydroxyalkyl group or a hydro-poly(oxyalkylene)
group.

Specific examples thereof include (meth)acrylic
esters of N,N'-dialkyl—substituted dimonoalkanocl amines,
such as N,N'-dimethylaminoethyl (ﬁeth)acrylate and
N,N'-diethylaminoethyl (meth)acrylate; mono- or
di (meth)acrylic esters of N-alkyl-substituted
dialkanolamines, such as N-ethyl-N'-hydroxyethylaminoethyl
(meth) acrylate and ethyldihydroxyethylamine
di (meth)acrylate; (meth)acrylic esters of trialkanoclamines,
such as triethanolamine (meth)acrylate, triethanolamine
di (meth)acrylate and trlethanolamlne trl(meth)acrylate,
mixtures of alkanolamine (meth)acrylates which are known

generically as acrylated amine oligomers; and {(meth)acrylic
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25 N, N - di et hyl am noet hyl (neth)acrylate; nono- or di(neth)acrylic esters
of N-aIkyI subs% ed di al kanol am nes, such as
N- et hyl - ééF "hyl am noet hyl (net h) agryl ate and . PCT/US98/00856
et hyl di hydr oxyet hyl am ne di (nmeth)acrylate; (meth)acrylic esters of

t ri al kanol aneseayrssuo€hhgsirio-petllya(odyaili el e h) asuyhase, cthei et hanol am ne

30 di (neth)a ate and trletha ne_tr ry m xt ures of
alkanolan1ne Wﬁ%gk?ﬁEV§P§t8§9ﬁﬁ d%ngdﬁmhbég§%E%g§1|éﬁ stEPylgFéd ani ne
ol i goners; h X il -
DCT sot) boats (HEERThREY hfc ro- tﬁ\gfﬁx% E@ e il 2 2RR TR mono-,
(et h) acryl i giesbver tef (wedhemdoylara |t «H ef ry CHf erydip) ey ] H, t he nono-

or di(nmeth)acrylic ester of CH err CHerr]CH err err err and
t he m()nq,- )dl yor tri (?@tl‘r?)lé?élr[ ]éiq( [ 1e]°n€[35 1!1c)11[1de Lgﬂm[Poun]

N[ - (CH err] G ehi hOther rf]o'i‘}rﬁﬁlrar](Hcﬁz‘) - [R‘OCOC (RAUCH,F U] ahyrdert hablg
ones include conpounds within the formla

(Hﬂ?[err])[eﬂikN[LRPer glrOCPCHRVEmY )ExH each}L}tE@rw ahent RRecakbosn atoms,
a1 (SR TR PSR IR e 24 0 bR B COEBL BT Bl m s an

-Rlerr]-(OR[&fr] Where err

-CH err] CH( Clrlheéglek oFnd md % ;aR°i 18 eWPArefen 59 ; mBEeKA] groupydragenk or a
met hyl group; and x is an |nteger of 1 to 3. Exanpl es of

(meth)acryli ¢Se§nen§t@geg‘olofet1hé@ 3 ncl ude et hyI ene gl ycol
di (met Yacryl ate, di et hylepa wl(&&m& ﬂalég@ergrbet %b'l%%r@ﬂéw'

di (nmeth)acryl ate, tetraethylene glycol di(neth)acrylate, but yl ene
gl ycol d|(ne#ﬁF&B@?l&F@X%%?QI9¥ﬁSQB/qﬂkﬂ%ﬁkﬁﬁ@?Y??ﬁéth?&@F wWaese Slyifales
gf (t hteh§ met hl)iQQFnﬁltthQ a@&ty]gra%eof t&&éﬂl’Mé:@eh w&oigdl(ﬁ@m@ua&wart@ udte
i (meth)acrylic es of bi.s no i chi or rinre n_produc
Aromatic or 5BF 5ﬁ§ﬂ:ﬁéﬁ YP%@{L# Q%Etg?)a%‘ﬁ%f?g?s in3 tﬁ&g‘éﬁ' Sentd yeol
Id n\(/(e:[nt i o]n &ldhuﬁ\etﬁu aldeyll atrsd efrﬁi cﬂrﬂﬁ@&mylﬁlpﬁbpaml tmamﬁdﬁm la@rgrlate )
[ err]- rr 0 |,at es,, such_as_di t.hal at | et hy
Dht hal o, dEXATBAE SEniis ae Rl S R0 AR TE pRE ni aYBYaRa st hecyl
pht hal at’e; abbmbauhdsmmmmiuda:dmﬁmt@hkamsylsucesaerbubﬁlb@B@@B@Q&Mﬁ

glycerol ”Dn8p9kﬁﬁE§oH@H}fﬂ'ﬂgggéfbﬂiﬁ¥éﬁﬁc@§1d esters, such as dibutyl
adi pat e
Aromatic or aliphatic esters useful as

plasticizers in the present invention include dialkyl esters
cf aromatic carboxylic acids, e.g., di(C,-Ci,
alkyl)phthalates, such as dimethyl phthalate, diethyl
phthalate, di-n-octyl phthalate, di-2-ethylhexyl phthalate
and octyl decyl phthalate; aliphatic monobasic acid esters,

20

such as butyl oleate and glycerol mono-cleate; and aliphatic
dibasic acid esters, such as dibutyl adipate,
di-2-ethylhexyl adipate, dibutyl sebacate and

25 di-2-ethylhexyl sebacgte. o

Of these plasticizers, (meth)acrylic esters of

alkanolamines or hydro-poly{oxyalkylene)amines as
represented by the formula above,.di(CI-C12 alkyl)
phthalates, hydroxyl-containing alkyl esters of
(meth)acrylic acid, and (meth)acrylic esters of alicyclic

30 alcohols are especially desirable.

The plasticizer component is usually used in an

amount of 1 to about 90 parts by weight, per 100 parts by
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di - 2- et hyl hexyl adi pate, dibutyl sebacate and 25 di - 2- et hyl hexyl d

sebacate. O these plasticizers, (nmeth)acrylic esters of al kanol am nes or
hydr o- pol y( oxsaédaziisene) am nes as represe thd by the fornul a abBwrUsesn0sss
di(ferr]-Clerr] alkyl) phthal ates, hydr cont ai ni ng al kyl esters of

(meth)acrylig, §hgl oﬁngﬁé”‘éb chyldic eStD%rsiroa[ b3} GHEL L r§r9Lge f‘é‘%‘&'ﬂ@hﬁnare

especially desi |C|zer conponent i’s’ usua
amount of 1 BotabbOt PeBtga swﬁy-gm §h thseren parts by WO 98/ 32159

10 pEL/ Hﬁ%%%%%@ 1\4\@ %tsﬁf é&?pc?sppwoxt eaf ”th@eﬁkéééh}é

that range is within 5 to 50 parts by wei ght resin.
t her noset ti ngf‘V§§Fh°80WfE}&)’s Pei §ﬁ’r6‘f‘-‘ltaﬁ@dpra§séht°f}9mmti d?P‘Y‘r%@/Sb‘él?Br nifat ed

as a one-par{h¢enpasit tas, 1h§r‘d@l|1%|91t@ Iaxtéwmttgi eﬂtgaétﬂselar eo#i x€dat oget her,
or as ab t wo- art conposi.ti.on, i.n whi,c resin andthﬁscurrng

agent are stb¥ed §EBaF8t“ Py i&d@ i X2 ff e‘\9r Rﬂ’%l%rr?%l%s%ndAE rdi ngly,
the curing agepingsagenn tkre Bte:&erﬂ sepsrddely caid geinesdl tyebeasogrof the
curing agents_whi c are usegg art nd two- art %ﬁ?xq%é sins

However , desPFaBFe EulPfig a L}’s’e T Y +RvERSi on
I ncl ude am npresapbumdgeni:rmdaz@lnegaqua]dd@ barrca:h}f |ceﬁ taine neurbnpgoagdstand

nodi fied im d i ngl ude
di cyandi am d‘gﬁéekl §ma§ggo am nrergJ suc n déirre%% e‘%ewgfné#éﬂg
triethyl enet Howaﬁﬁﬁe degidl ﬁylcarﬁlﬁtﬂara(qﬁntaﬁﬂﬁ@ W@mﬁ‘—]@ Wyﬁﬁﬁﬁégt such

as 15 i1om xykghedtaphnenandadi %ml@féd'd&ﬁjbdrﬁm ”‘%.m?ciéfd(lﬁé ' @orﬁﬁbﬁiﬁ&h”es
such as isophoronedi.am ne and nent henedi"am ne; and am des. lrllpll es of

the im dazol BOEApEENATLARC CERR MR AR iBAEARE lml azole compo

2-ethyl - 4-net hyl i m dazegkampnes2ofhemd lamndaazc&cﬁnp&ﬁuds Exeeph@s of the
nodi fied am pe conﬁound I ncl udgla% ox% aldded ol yam nes formed by the
addi tion of SnEAPREARSRSSuRd Styamides, as

diethylenetriamine, triethylenetetramine and
diethylaminopropylamine; aromatic polyamines, such as

15 m-xylenediamine and diaminodiphenylamine; alicyclic
polyamines, such as isophoronediamine and menthenediamine;
and polyamides.

Examples of the imidazole compounds include
2-methyl imidazole, 2-ethyl-4-methylimidazole and
2-phenylimidazole.

20 Examples of the modified amine compounds include epoxy-added
polyamines formed by the addition'of an amine compound to an
epoxy compound, and examples of the modified imidazole
compounds include imidazole adducts formed by the addition
of an imidazole compound to an epaxy compound.

Of these curing agents, latent curing agents used

25 in one-pack epoxy resins are particularly desirable. From
the viewpoint of repairability, it is especially desirable
to use 5 to 95% by weight of a modified amine iq combination
with 95 to 5% by weight of dicyandiamide, based on the total
weight of the curing agent. The curing agent itself is
ordinarily used in an amount of from about 3 to about 60

30 parts by weight, per 100 parts by weight of the epoxy resin.
Desirably, thas is within 5 to 40 parts by weight of the

resin.
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epoxy conmpound, and exanpl es of the nodified im dazol e conpounds incI ude
im dazol e adducts fornmed by the addition of an im dazole conpound

‘epoxy conmpoul@98Bf1¥hese curi ng-agents, _hatent curing agents L%G'HU%;/oosqs
one- pack epoxy resins are particularly désirable. From the vi ewpoi nt of

repairability, it is eppechalhbyisasiealls Q%&%&rﬁ&&@/ﬂr@g wegght of a
nodi fied anmine in combination with, 95 to 5% by, wei ght of di c%ﬂ{__]dl arrg_i‘fz
S S

based on t h&EFWRE L HEPYRt USPSt BB EBFI B §e§§é¥h 3 g a atg
ordinarily Lssadregaﬂm plmuaﬁcmfzei:r epda oo £ ot iadyoLit @bﬁﬁ repant $nby

i ght, 10 h h
W thin s to SREL ByEuERGHE 8Porhe o &8 e T P eddete 1 1S
PCT/ US98/ 00856 It is d'Eher ahbembsettthelgt h@rsmsetqrmprgsxtemms c@qposﬁnhgnso
used i nsthe gre Péséﬂyemaﬂtaencggga A Al GeAld Pl ety ciaes and

nmonof uncti o anount_ o out 40% by
wei ght. The smMQtweﬁg £bsi aizenpssibosass amek o rRebcondueherpr esent

i nvention arg. ¢apabl @lagfsepQH@Eﬁatﬂv@g ot 8 HRACE fetaEREnsbeatkr guUi t

board and the sem conductor device. TheSe inventive conpositions al so

denonst r at e ZEFERE ALITFSEdEY y2Latl ePS4s P%@@%%&?%@?S}‘E?e

condi ti ons, @&Qdimléngr eaﬁapehhg afrepeRgiaratd e |;ﬂ=§r€ét’éf@t§1ﬁ§a§ﬁto| thihs
desirable to re%are th germ)s ttln% resin 10 sel ecting
nﬂg%ﬁ

the types a porﬂ:of‘@ PSR 6&3 Soh PrERFER % rgﬁ m??ggwégo&e?ﬁnat

25[err1C wi | doposlt 061 bPaselectliass cheudyprss IhDArafarsionsl e€s, so as
to inprove its ability to.pe tratel o .t he space (e, 0]
200[err]m be?%%‘ﬁsthég’f?ggﬁ gr(lf E’Qfd ltthse vslesrrc%%soln%g’—i\t Q%jeél ‘géiglge
The thernoseiti ®go rmBaﬂSCOWp@SSEI,OﬁU@ﬂ’l welse 3fr adhtmPavent¥ ohesay Bar Bsettc

cont ai n ot Neruafdh Ll Yes, 184S .9s cdcboaplnn s, Lvelbageagents, dres,

pi gment s an ers reover ol ynmeri Zation_init at or s Tmay al'so be
i ncor por at edL @ hief@i %Ooﬁmé)vbééﬁeﬁﬁaﬂ:hﬁj(ﬂ%rﬁﬁ RwEd @nd the

semiconductor device.

15 The thermosetting resin composition of the present
invention may further contain other additives, such as
defoaming agents, leveling agents, dyes, pigments and
fillers. Moreover, photopolymerization initiators may alsco
be incorporated therein, provided that such initiators do
not adversely affect the properties of the composition or

20 reaction products formed therefrom.

Next, the mounting process for making the mounting
structure of the present invention is described below.

Initially, cream solder is printed at the
necessary positions of a circuit Soard and suitably dried to
expel the solvent. Then, a semiconductor device is mounted

25 in conformity with the pattern on_ the circuit board. This
circuit board is passed through a reflowing furnace to melt
the solder and thereby solder the semiconductor device.

. The electrical connection between the .
semiconductor device and the circuit board is not limited to
the use of cream solder, but may be made by use of solder

30 balls. Alternatively, this connection may also be made
through an electr¥ically conductive adhesive or an

anisotropically conductive adhesive. Moreover, cream solder
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not adversely affect the properties of the conposition or 20 reaction
products fornmed therefrom Next, the nounting process for naking the

mount i ng st rYCOEBESHT t he present inventjgn is described bel oRCTIGHIS/PEESE y,
cream solder is printed at the necessary positions of a circuit board and

i tabl dri | . . Then, ¢ ' | LS,
suitably drigd ¢p _J@; ﬁ§ gﬁgglgs 80, rBrael SANAYGEQL 48y gﬁf it

mounted 25 in conformty wth attern on the circulit boar
circuit boarRP3rd s Seke t FEBLGRANAUEEPF 0RRHECPUr nace to nelt the sol der and

thereby solder the senjgobdgetorodenkeeiribe alisskihuealc cMBGLd onthet ween
the sem conduct or devjce apd ihe circuit board is_not limfed to the use of
cream sol derSOYARY mefl B TheR by 0%e2BLSSEFARLCES LY cQndUCtAve ARG ST,

thi s connechiguy rnehowl & dbdechadent beavgAganinemeatyr ieadl meledndpgddime:,

adhesi ve or an c,{;mit_:sot ro&jlcal CIiytgonflu}g:t i ve adhesive. Moreover, cream sol der
WO 98/ 32159 Pond strengtl an € Lixe. PCT/ US98/ 00856 - 12- or
the Iike may be appli emfoerf otheedenbcehtihetorhdevireuiits edarat mircd ey

sem conduct or_ devj.ce er.. ci.litate _subseq repai.rs, .t .
sol der, el ec‘tornlq%:ea#tfeyd o‘lfgat?lllrlgo %%%‘llgégl F%h%gngﬁcﬁg&g ﬁ%%téléelr\/eeyt}}seecf% ourflcfl%e
chosen bearistgrictunsdshosldedrdngapdipt be5subhertest tengt eaniintuiey i ke.

After the squigonductior feyice jscgleghrieall g eanaected o the circuit
I

board in this nmanner, the resulting structure shoul'd ordinarily be
subj ect ed t G IMIYRFPY F@icorwihB Rj KeSipf cOMPRSISLRE -sucl ttdsks wae

sem conduct Oy deyd oyt Noft £€854D16PEPOSEL E8Neaklelhits Watow) thd N the
event of a failure,_ it is easier to_renoye the sem conductor device before
fixing it wIHiFRAGUSERr cg?r%bg?t%ﬁ?r?h RX1Rgi AG WiLh &8 Fef95t i cation
means such asontpesgieniseri, a thernosetting resin conposition is applied to

t he periphery of the m con&luctor dgvi. gbl\é\hgn &Eic%t]i%n ole] sosgi&ék(l)nasils
applied to the sem can T oraevicd, Sttt PP
dispenser, a thermosetting resin composition is applied to

the periphery of the semiconductor device. When this
15 composition is applied to the semiconductor device, it
penetrates into the space between the circuit board and the
carrier substrate of the semiconductor device by capillary
action.
Next, the thermosetting resin composition is cured
by the application of heat. During the early stage of this

20 heating, the thermosetting resin composition shows a

significant reduction in viscosity and hence an increase in
fluidity, so that it more easily penetrates into the space
between the circuit board and the semiconductor device.
Moreover, by providing the circuit board with suitable
venting holes, the thermosetting resin composition is
25 allowed to penetrate fully into the entire space between the
circuit board and the semiconductor device.

The amount of thermosetting resin composition
applied should be suitably adjusted so as to f£ill the space
between the circuit board and the semiconductor device
almost completely.

When the above-descr%?ea thermgsetting resin .
composition is used, it is usually cured by heating at 120

to 150°C for a period of time of about 5 to 20 minutes.
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penetr at es into the space between the circuit board and the carrier
substrate of the sem conductor device by capillary action. Next, the

t her moset ti nf¥@ ¥R conposition is cured hy the application of POTYSIBNE ng
the early stage of this 20 heating, the thernosetting resin conposition
shows a signphigantneegduebicdR iAVENTGRS taardEhhese erdlat poeggse in
fluidity, so that it nore easily penetrates into the space between. the
circuit boar4oWnESPRET 8EHFEo ARG SO T T ?&ﬁ%ﬁﬁe??n§§tb?8§iapﬁghFﬁge
circuit boar et &he Sitergbheode plriodydmileaEs,y | heThdetiowseihgngtrastare
conposition is,25 all.owed penetrate fully.into_the entire sp

bet ween t he Ei}EﬁFFaBSQr&naﬁﬁgfhg &&m?ﬁﬁﬁﬁﬁﬁ%ﬁ R Fees Wﬁ%ngﬁﬁun?%% €@
t her noset t i ngmeeRj acegipeasiesiter dgplusd swuH dbessiuciabkyindibet ed so as
to fill 4£he space between .Ci T CUi Qay d; t he ] ctor ce
al nost c%rrplg %ijsgg\élelgg trré%l% C%%e%p%h%la o%egdggggéggg%%ggﬁgggﬁrﬁ ng
resin conpositibnaterudedadded $hemedidy the ethéymbeatthggares2o to
150[err]C fo ¢ | of. .t fo rAQUL o) I gt 3 9
PCT/ US98/ 008 8ﬁ9?§5£$§ﬁsfaﬁh§$b?§%ent el t?%%?%ggyeﬁ%PgsufelE?iegﬁﬁé

| owt enper at prdoandosherAt- IGUFE & i ng condi ti ons and hence achi eve very

good productivity. The rppyMd RN IHE Witodddsisbf atBE pRebbfrc inv@ntion,
conpleted in this manner. \Were acﬁggig acrylic ester 1s used as a

S .
pl astici zer RRtERethe SERECRISRAAY T cHFpBSPRFEH QRgtRe circult
phot opalyy ner paakioAsi RieldcatiWed akmdded tiereéoul ¢t begt beruesetre ig rested
conposition can,be tentatively cured by exposure to Light priaor to t
curing. In t KCRoaREPRG oS ﬁﬁéﬁﬁﬁg%ﬁﬁgéﬁ?£iEé%n??%ﬁ?ogpPgFOFhé@%ice’
sem conduct otofleeedons brmweeed Wie tsmniconductdd debdardaad d@@c@ﬂﬂgﬁit
above, the r§Sg'rtd',”%t%te&ucetl%f&f-scgfs r?é?ré{‘étt_é‘r’}[ﬁt?%gﬁ gagcgarea%%rdestdf:s of
t he sem cond{CFor devi.cé, connection between the sem conductor device and
the circuit sealing. 1In case that a failure is found, repair can be

made in the following manner.
15 The area around the semiconductor device at the
failure site is heated at a temperature of about 190 to

about 260°C for a period of time ranging from about 10

seconds to about 1 minute. Although no particular

limitation is placed on the heating means, local heating is

preferred. There may be employed a relatively simple means
20 such as the application of hot air to the failure site.

As soon as the solder is melted and the resin is
softened to cause a reduction in bond strength, the
semiconductor device is pulled apart.

After the semiconductor device 4 is removed as
shown in FIG. 2, a residue 12 of the cured reaction product
25 of the thermosetting resin composition and a residue 14 of
the solder are left on the circuit board 5. The residue of
the cured reaction product of the thermosetting resin '
composition can be removed, for example, by scraping it off
after the residue has been softened by heating it to a
predetermined temperature, allowing it to swell with

30 solvent, or allowing it to swell with solvent while heating

- -
it to a predetermined temperature. ;r

The residue can be most easily removed by using
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board, other electrical characteristics, and the state of sealing. In case’
that a failure is found, repair can be made in the follow ng manner. 15
 The area ar 3hWPA%Y seni conductor devicg at the failure site REI/HEAW086at a
tenperature of about 190 to about 260[err]C for a period of time ranging

from about £Qt5e6ERES N0 AP Wo1k dHNUL EroA & hHGNe NOL RET LeEUhaE LhHT bation
is placed on theﬁggatl n ans, | ocal heat g i referred. .-There may be

ing is

enpl oyed a FEFAPEGePfisERieE Adad@deen RN ALY pPLFEYENSNEBE hot air
tofthe Lailueeishha.régimom@egwdﬂkaf?ﬂnkﬁoiﬁiﬁwlﬁnﬂlanﬁeébgngeaha is _
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2, a residudubadfiyt He echeedarepctdOrs@rioslucio®y . of the thernosetting
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board 5. The residue dte FelManed ysatdtion ProvurerppPsehést ABENEEEHI ng

resin conpoghiser ¢he ReidcRITett i edittes OF Skéaph8gmbkebtingfter the
resi due has been SOftensﬁS;i%x heating .t to a predeterm ned t eratur%,

al | owi ng it TE61BWEPTRR t%o‘-i‘iﬁg]r&', SreLeBur FdUFLng oPelE| FERRPAT

sol vent whi ke keah ag iexktemta rsadeties ntunssl taperbhlr éanThe sesaped off be

t il d b . 98/ 32 . -14- ,
PCT USo8) DSSETDETR Aty berny v JReT b sakunpre, 1PRLuAE.PAEER SN be
scraped of f cakser fiorr eaxsripden sdikEhethlyraieowsnght he meshgliaheresin to
Il Mth : il i i i j
of the orde?ﬂgﬁ%ﬂ%lgﬁ EX B, ek e s sgg?%gig%[eiﬁ?‘fgﬁ%?’tlure
The sol vent cgdddlpee it i§$tﬂr®5@%li%ihﬂfeif\?\m%iﬂ%au%‘e€hthé duetbiyteacti on

products of gibeihReENDSed INIhJta8)} IHRORPPSIdAON (O S¥Bhiksel NEEERYpEdREI NG
bond strength to such an extent that” the cured material can bé scraped off

fromthe ci FEBPLNBEALRES U8t ALlSDIRReRPIEUde or ganic ones, for exanpl e,
al kyl chlorides such ameet hyl€ieuit-protecting resist has already been
applied to the circuit board, the.chosen solvents should
15 cause no damage to the resist. Desirable solvents include
glycol ethers and N-methylpyrrolidone.

The residue of the solder can be removed, for
example, by use of a solder-absorbing braided wire.

Finally, on the circuit koard which has been
cleaned according to the above-described procedure, a new
20 semiconductor device is mounted again in the same manner as
described previously. Thus, the repair of the failure site
is completed.

Where a failure is found in the circuit board, the
semiconductor device can be reused by removing the residue
13 of the cured reaction product of the thermosetting resin
25 composition and the residue 15 of the solder left on the
bottom of the semiconductor device in the same manner as
described above.

The invention will be further illustrated by the

following non-limiting examples.

30
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10 “chlotlide; glycol ethers, such as ethyl cellul ose and butyl cellul ose;
di esters of dibasic acids, such as diethyl succinate; and ]

N- et hyl pyr P& O course, approprigte conbinations may HCFI§§&/00856
enpl oyed. Where a circuit-protecting resist has already been applied to the
circuit board, the chosen solvents should 15 cause no damage to the
resist. Desirable solvents include glééo! et hers and N-net hyl pyrrolidone.
The residue of the solder can be renove& xanpl e, by use of a

sol der - absorhj jded wire. Finally, on the circuit board which has been
cl eaned accégggﬁﬁgégithe above-descri bed procedure, a new 20 _

sem conduct or device i S noghkefoaeditingn Rdid s ArngHeieioms descri bed
previously. Thus, the repair of. the failure site is conpleted. Were a
failuresis found in thd BRpERPEEBEARE, TERd s QaMERRifcieR WRY i RECRARCBebY

reused by reppyiA the &gskguectInal (Lhe ewragg eardnhn prpdugsqof the

t hernmosetting res)n, 25 corn osltrgn and the residue 15 of_the soldgr | eft
on the bott dM3FcFkZeEMLdhdutoF Ge@WEHWtﬁ1§ﬁ§%§§%§$&9ﬁ%ﬁwasaﬂ@s r tbed
abovle. The igm/lelﬂéil?ﬁ w&%%hbeo%ag g/eggiahdmsgt afeart by THe $Dédosdtyg of the
non-limting ex es. . 15 _ .

PCT/ US98/ 008%™ g‘%‘-‘e‘%)@m%%lﬁﬂﬁpf”ésl °%?€F¥§$et“ﬁ RE Rest A ABPposition 5

A thernosetting resin conpogi)i ospory peedased 85y gaxiddoy heebghxyofesi ns
(i), curing agents (ii) and plasticizer (iii) in the amounts descri bed

bel ow, 18nd P4SRRARQL b WEPEhEPEKYarg&fBanitn PAFdentlY TRIFM 8§ RYVBLathe
so-forned cumesytioaiMasanbsenrvedrte by wedQhdVRFE 8 dijtePOXyLraskps: 85

parts by wei gt of 10, b spiengl, £.1Ye SRXY, resiy 4 parts by weight of

(11) curing agents: 3 parts by weight of
dicyandiamide, and 19 parts by weight of an epoxy adduct of
an amine. '

15 (iii) plasticizer: 12 parts by weight of an

acrylated amine oligomer.

Mounting Process
Using cream solder (PS10R-350A-F92C; manufactured
by Harima Chemicals, inc.), a CSP’'having a package of 20mm
20 square, an electrode diameter of 0.5mm, an electrode pitch
of 1.0mm, and a carrier substrate made of alumina was
mounted on a 1l.6mm thick glass-reinforced epoxy board having
a circuit formed thereon. ’
Thereafter, the thermosetting resin composition
was applied to the periphery of the CSP by means of a
25 dispenser, and then cured by heating at 150°C for a period
of time of about 5 minutes. During this procedure, the
thermosetting resin composition penetrated into the space
between the semiconductor device and the circuit board

before curing completely.

30 . Heat Shock Test

A Twenty-five samples prepared as described above

were exposed to thermal cycling while maintaining the sample
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epoxy resin, and 11 parts by weight of a mxture of alkyl glycidyl et her §
cof 12 to 14 carbon atons. (ii) curing agents: 3 parts by weight of

di cyandi ami iR/ 19 parts by wei ght oJ_; an epoxy adduct of BETAISH§B5615
(iii) plasticizer: 12 parts by weight of an acrylated am ne ol i gomner.

Mounti ng Prqgess tléﬁ'drgk%apcfxﬁaén éP'Q&Sué P54§R:359é 5%%513&”55%&%&%6%@

Hari ma Chem cal s havi ng_a packag square
el ectrode dlaé4?é{ter3%fm3€§“§%ﬁﬁ aﬁPJe]r‘é‘ﬁ%@o‘aﬁé Mt@ﬁeﬁﬂtlogmﬁl éﬁ@P@r@é‘—rurrleerto

substrate rr&%-roftead af@;ﬂ@stS@Ué‘t padaoé eimet BECkLh@s - keintfrled
reon Thereafter, the ther ettlng

epoxy board h VB:H_I c rcwtdg
resin conmpo$i %peiﬁ ke ‘T’Pé ?) ?Y%ﬁé?? 8f t'ﬁé‘PESPtH%erré?é’n@ Ut 25
di spenser, ampdtheior W gsebiodest | tiimat of SAb6ut] Sof Ainatper.i odféfert iave of

about 5-m nutes, Durin hi s .procedur e, thernosetting resin composition
penet raled BRESS %‘geé{e "H@P‘kg%’é gh@%@ﬁ? ﬁHE&FﬁrwaévF &chrd t RRecircui t
board bef or & cHy1idG,LOMAIY] &t ted 3o 2 contl uétg test for con'ﬂeﬁ'hu%éo%e

Test Twenty-five sanpl es prepared as descri bove were expose
thermal cyclalfFtaiqae REMFHIoR @%%W%%ptbe CSHpagdy g@f5glrcult board.

PCT/ US98/ 00&5f .e;h@\ le’itwe?s t@j@t@é&r@s Ohcebpthbl 40ligkeH] @ofn@_rln@lw e of
time of aboop&fo tes, fol %}b% an elevatio |nte r éuretoroom
t enper at ur e |5btd br08 b3tit BT Fi nBE s}méﬁéf &f e,

f grt he;3 ®e| e\daintnﬁnm;tyt avgeer b sk eoaém@bwtbr&{aﬁr LliGekObra tmer IlG_d:elt)fbetﬂdﬁ of
about m nut.es Ate r edet erm ne er ne cl es was
reached, thé 5 g%b?}é%fee% ¥3° r%%ﬁg?ﬁw tg g?ttt Wl% ng the
el ectri cal (atrmmttum dféttx&em e3P, aallt bE. thecabt slam@rldzs Wegresanpl e was

regarded as g g,q._taqﬁ] %@p ag@r}ﬁépéutt_p{aﬂvaf §88f b{,gggsat 1, 000 cycl es or

nore, and unacc

Repair
1s Using a hot air generator, the area around the CSP
fixed to the circuit board with the thermosetting resin
composition as described above was heated by applying hot

air at 250°C for 1 minute. Then, the CSP could be easily

removed by inserting a metal piece between the CSP and the
glass-reinforced epoxy board, and lifting the CSP.

20 While the glass-reinforced epoxy board was kept at
about 100°C by placing it on a hot plate (or by heating it
with a far-infrared heater or the like), the resin left on
the glass-reinforced epoxy board was allowed to swell with a
solvent such as PS-1 (manufactured by Dai-ichi Kogyo Seiyaku
Co., Ltd.) or 7360 (manufactured by Loctite Corporation),

25 and then scraped off with a spatula. The solder left on the
glass-reinforced epoxy board was removed by use of a
solder-absorbing braided wire. The time required for this
repairing operation was within 3 minutes, which was
sufficiently short from a practical point of view.

Cream solder was applied again to the

30 glass-reinforced epoxy board from which the CSP had been
removed in the above—descr}bed manner, and a new «CSE, was
mounted therecon. In this operation, cream solder may be
printed on the new CSP.
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continuity was lost owing to broken |lines or the |ike before 10 this
nunber of cx§6§§ %@§ reached. As to the nounting structure of this

exanple, all o ff e 25 sanmpl es were accepyable even at nore t K& T/US98/8eps6
cycles. Repair 15 Using a hot air generator, the area around
the CSP fixed to the cinmctihé¢ baaedmahhbrt be therrigeid idhvesithe
conposition SCI,J ve heat ed by applyi hpt_air, at_250[err]C
for 1 mnut etq,1 ensﬁcé’ét%glg %%%}A%é%gogégﬁpy W@ﬁo?ﬁ’éﬁ%‘f#)rﬁoeﬁl?%gp%r }P%ﬂ";’
pi ece bet we@f tthe CSP andttkeyl assedebpf bratdngpaty 1s@R@, fands [hitubgst he
CsP. 20 i I -rejn d t

about 100[err]C by_plggéréréF@%ﬁ géﬁ%ﬁgg|%@égﬁoﬁgﬁ%é%égﬁﬁ%g ﬁ?ﬁﬁﬁfﬁl%gi
far-infrar e FRERIETLYS tWRX'¢ | $@Furehy eespbhlishedon Megligss rkeatf oshedk
epoxy b®ard peas aldpvwe | 5 . o] ; h - @’% d
by Dai-ichi Kogyo Sei yg&%&éﬁ% ?%I\.h;lbtérar%%%ﬁ?%%%f%ag?ﬁ:r%g%@é Loct ?feéyég
Cor por at i on)SIM5ar £y §hRse of apea vrrenpined §pstula. The sol der left on
the gl ass-reinforced epoxy board was renoved by use of a sol der-absorbing
braided wire. The tine required for this repairing operation was within 3

m nut es, whiBxamgaes X{5 ciently short froma practical point of view Cream
sol der was applied again to the 30 glass-reinforced epoxy board from

whi ch the CSP had beenH%RRRTEFH el ab¥eBPAEsdr MEEd HeRaed FHFePhew CSP
was nount ed tilaer etre dniovidt sobpeiat aopylatednamehdenIiRoma piddd egs o t he
new CSHF 98/ 32159 .

PCT/ US98/ 00856 5 TS % arfk FATRTS ot WRS AT H&HhEFe Shry™ SR et tTHY
resi n conpogiesiudrt iwgs mappit et t st thetpeesphesgedf at heaCSRhauk tthest cuied by
heati ng at err. : . lnsih - nted board so repaired,
el ectrical (J:Cg%}g:tx%e r%sﬂrmetrierﬁgs%?e:ﬁ/&g%agl %Egg.gléAl so in a heat shock 5
test, this nounting structure exhibited excellent properties simlar to

those of theuprARAIYed one. FXa0pl &Sp2-Qeight .

15 Example 3: 6.0 parts by weight.
Example 4: 21.0 parts by weight.
Example 5: 50.0 parts by weight.

Comparative Example 1

20 The procedure of Example 1 was repeated except
that no plasticizer was used. The resulting mounting
structure exhibited acceptable repairability, but did not
pass a heat shock test because continuity was lost at less

than 1,000 cycles.

25 Comparative Example 2
The procedure of Example 1 was repeated except
that the amount of the acrylated amine oligomer used as a
plasticizer in Example 1 was altered to 120 parts by weight.
The resulting mounting structure exhibited acceptable
repairability, but did not pass a heat shock test because
30 continuity was lost at less than 1,000 cycles.

\
Examples 6-9
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The procedure of Exanple 1 was repeated except that the anount of the

acryl ated am ne oligonmer used as a plasticizer in Exanple 1 was altered as
shown -bel ow. wihgs/32¢s0ul ti ng nounting strucfures passed a heat SROIKSISABES6
and their repair tine was within 3 ninuté%?‘Exanple 2: 1.2 parts by

wei ght. 15 Exanpl e 3: 6 tseh. i.ght Le 4: 21. 0 parts
by wei ght. Exanple 5: Thefﬁf??%éﬁ)s 5 %%%ﬁh?g %n§%§?§F§SStEQaEﬁ9§P The
procedure of tbempite amwant epdtieel micepret bbt ahbypl gdyicédydr ewdhenss exf
The Tesul Ui ng TRUNGING SEAEHGneXIL04 ! £ BRERBYBDLCLEPANERRY Le dithm
did not pass a heat” shock test because continuity was lost at Iess than

1, 000 cycl es.bedmpar sEhey er FahplRg nqRet bRgceigretvreEx apgsedl avdeatepeat ed
except that thg, AU, OfaddieciAey! ALSH: AMLEReOLLEOIRENISCY irdtes.
plastici;eri%} anp é:l %ﬁs altered 0112 pgrts by mggght.ﬁﬁﬁé fggulting
nmounti ng®structure exhi bited acceptable repairability, but did not pass a
heat shock test because 30 _continuity was |lost at |ess than 1,000 cycles.
Exanpl es 6- o Exangl @b, 5g 0 Part by welfhe.jg

PCT/ US98/ 00838, Jther prpcedur e; of Exarpl By lywagneepeat ed except that the
anount of the mxture of alkyl glycidyl ethefs of 12 to 14 carbon atons
used i n ExamEsadpless al t er e8l. Aspaihosnbpewenghthe resul ting nounting
structures passed a heat shock test, and their repair tine was within 3

m nutes. Exarffadmte 2: 0 pat?- ByPIEFFhPY ERAFBEe 7: 2.7 parts by

wei ght . { Fxanpl e 8: 5.3 parts by weight Exanple 9: 20.0 parts by

wei ght. 10 Conparative Exanple 3 The procedure of Exanple 1 was repeated
except Comparative Example 3

The procedure of Example 1 was repeated except
that the amount of the mixture of alkyl glycidyl ethers of
12 to 14'carbon atoms used in Example 1 was altered to 40
parts by weight. The resulting mounting structure exhibited
15 acceptable repairability, but did not pass a heat shock test

because continuity was lost at less than 1,000 cycles.

Examples 10-12

The procedure of Example 1 was repeated except
that the acrylated amine oligomer uged as a plasticizer in
20 Example 1 was replaced by each of'the compounds shown below.
The resulting mounting structures passed a heat shock test,

and their repair time was within 3 minutes.

Example 10: DOP (dioctyl phthalate)
25 Example 11: Isobornyl acrylate.
Example 12: 2-Hydroxyethyl methacrylate.

Example 13

The procedure of Example 1 was repeated except
that the epoxy adduct of amine used as a curing agent in
Example 1 was replaced by the epoxy adduct of imidazole.
The resulting mounting structure paséed a heat shéék test,

and its repair time was within 3 minutes.
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that the anount of the mixture of alkyl glycidyl ethers of 12 to 14 carbon
atons used in Exa gple 1 was altered to 40 parts by weight. The resultlng
nmounti ng st r ¥R A& hibited 15 accept abhe repairability, bufCH 6
pass a heat shock test because continuity was | ost at |ess than 1,000

cycl es. Exanidifpdfaddvd Nexghptedyre of Exanple 1 was repeated except 20
that the acrylated am ne ol 1 gonmer used as a plasticizer in Exanple 1 was
repl aced by each of theTkenpbarasusRomi BxadBleTHe was iepertedupxragt
structures pa\§1§§g alxheﬁiaégoéf Eg8! chaRthosRRit gg%élﬁ'é@nﬁ@élﬁ‘iéﬁ' iséd

m nut es. Exanpl DOP (di gctyl phthal ate

| sobor nyl acri# aﬁ@h@gn:bpeagzadhesgvgydfrm%| W%W’é@‘é by aipre 13

The procedur epiid Exapl exd. yasom 9@@&@1@ %&Q%)Fltatté'léﬁlitd'tﬂné?ﬁ@,XYa@ yateof
am ne used as a curi ng. a ent

| e was replaced epo

Stuct of i m oS el BenhPr ARt s SR e P Hesd BRfuk
tes; ,Usgg;job g g%mleﬁlhsyteﬁpom?mmgmﬁgﬁtmtmmm h théd/\@a%lﬁéﬂﬁ@ef n thc:aL
PCT. - arative e ure.o was
r epeat ed exce%?m“f%o gPO ISSXISF %?1% %ﬁl e”to"ﬁotngi’%’%‘? 3 m#ﬁleon used
in Exanple 1 amlmme$®neo(:'TBe®O68 WMmuftamauaeﬂmdgaWEhrms &se@ondhé:o :
Ltd. i

) C?Bprlsééﬁhégﬂaﬁ S5 0ULIREE" Sou 3%r¥4 cuﬁﬁg'by exposure to fl ght

phot opol'ynerizatron initrator was use
t hrough t he Egnbeeve@nstabesenpEspgusber adhasseraaria héor@l%leb@uradand
by the applicatd ope 961 heRE- m¥8R1hBI Sradhesinge JBS H3Sfhctd® 40 a heat

senm conduct or devi ce couﬁ% be easi Py renpoved Iin Its semcured state. After
the adhesi ve SRRCEOHPFEt el JLEURBAL EREOCKe SNWSTF it TR WERCEeRFRP S

subj ected to wedoaée sds@ﬁklhaaty Wwhe heat shogledy apeld i BS00@reydDascept abl e
because continuity was |ost at |ess than 1,000 ,cycles.

15 Comparative Example 5

The procedure of Example 1 was repeated except
that in place of the thermosetting resin composition used in
Example 1, an epoxy resin sealant (SA-51-2; manufactured by
Asahi Kaken Co., Ltd.) was applied in the same manner as in

20 Example 1 and cured by heating at 100° for 90 seconds. 1In a
heat shock test, the resulting mounting structure exhibited
the same degree of reliability as in Example 1. However, an
attempt was made to separate the semiconductor device by the
application of heat for repairing purposes, but in vain.

25 The full scope of the invention is measured by the
claims.
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15 Conparative Exanple 5 The procedure of Exanple 1 was repeated excepf
that in place of the thernosetting resin conposition used in Exanple 1, an
epoxy resin wWedsaas9( SA-51-2; manuf act ur by Asahi Kaken Co. pdivukop/ovsss

applied in the same manner as in 20 Ex&mple 1 and cured by heating at
100[ err] foHﬁgoqseco?g En a heat shock test, the resulting nmounting
structure e 'aegree of rellablllty as in Exanple 1.

However, an attenpt wag nadg heuseRAkAke rulke uSRM AN MoklfYdEs by the
appllcatlon of heat for repairing purposes, but in vain. 25

The full scofevdtesheconpentiag:is neasured by the clains. SUBSTI TUTE SHEET
(RULE 26) WD 98/ 32159
PCT/ US98/ 00856 What |sacFSF‘Fr€8nfi§thr deKlﬁﬁuﬁH“}Pgﬂs?%t%r%e‘F’oﬁonducmr

seniconducto&hﬂpvh@eﬁteaoaﬁrascagrlérsemhyMﬁMmaonnﬁBV|ce conprising a
sem conductor chip nDunted on. g %grrler su stratgﬁﬁﬁnd a Ci hoar d. &e
EGHd

whi ch sai d seni conduct 3r “d gagpegfrﬁbéqa/ eﬁﬁ%ﬁfoﬁé&ﬁ%$ %gl

space bet weenst dkecaricallyubstnecéedf, sai d senm conduct or device and said

circuit boargy|s.sgalfd %%Ege 18%‘?%%&10%@ %‘Z&%e‘}f s%ﬂék%‘é@éeéf'é‘glées' d

conposi tion conprising a ts by welght an epoxy resin, ut 3
to about 60 pamigobgugbpgheeyficy élm ﬁ@laig@mrw émzﬁ}td 119 oSedbed %tbaats

by wei ght ofr@aeéﬁéﬁlﬁkéaﬁct%f al RethiosetHi® Plrdd i3l RdmpdbeE £6A sai d
pl asticizer Is a mepber selected fromthe group conS|st|ng of (mefh)acrylic

esters, aron®@PTRTHF1RFI pRAEFC 188t BAT &N PYCc HPBiahkt [ Vn ATheIRVFY BeSinThe
structure ofzkbat M leoWaBbatNe9apdrew g w@ﬁ.@l‘it lo&’ & rnamﬂmg seheht egnéir om

the group c i sting, of am pe_conpound i m.daz conmpou nodi fi ed
ani ne conpou%ﬁ% nng?l §°Pﬁia§z§§€%éoﬁgb&ﬁ&9 q%&hgﬁﬁﬁ %ﬁ% $her eof .
C 2. The structure of Claim 1, wherein said
plasticizer is a member selected from the group consisting

of (meth)acrylic esters, aromatic or aliphatic esters and

combination thereof.

3. The structure of Claim 1, wherein said curing
agent is a member selected from the group consisting of
amine compounds, imidazole compounds, modified amine
compounds, modified imidazole compounds and combinations

thereéf.

4, The structure of Claim 1, wherein said epoxy
resin comprises at least one multifunctional epoxy resin and
0 to about 30% by weight based on the total weight of said

epoxy resin of at least one monofunctional epoxy resin.

5. The structure'of Claim 4, wherein the
combined amount of said plasticizer and said monofunctional
epoxy resin is from about 5 to about 40% by weight of the
total composition. '

6. Tne btructu:giof Claim 4 wherein said
monofunctional epcxy resin has an alkyl group "having from

~

about & to about 28 carbon atoms.
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4. The structure of daim 1, wherein said epoxy resin conprises at |east

one nul,tifunctiggg*lagpoxy resin and 0 to about 30% by wei ght b%ﬁ%&%@ma&%
I

t ot al meight‘g? af'd”epoxy resin of at |east one nonofunctiona
resin. 5. The structure of Caim4, wherein the conbi ned anount of said
pl asticizer and said nonofunctional epoxy resin is fromabout 5 to about

40% by wei ght. of the total c osjtion. _6. e .structye of. C aim4,
wher ei n sai d nonof uncti ohal @ggxﬁkfgggﬁrﬁagfaﬁaﬁﬁ%ﬂ4xyihﬁf?%ﬁﬁ%%l rom
about 6 to abmittPBumat bonaht epexy re¥ino8odri%es about 10 to about 100%

PCT/ US98/ 008 -21r T, upe CLalmp. 4, .erein said
mul tifuncti oﬁogf Vééplo%%t r%gi ﬁggg%}r{?%eé 5 Gt e%(?rplyo rav%%{_ 100% by wei ght of
bi sphenol A type epoxy resin. 8. The structure of Claim1l, wherein said

plasticizer is a (methigerylefecstehcelod REdicwasfly Phifldse A O81q0. — The
structure of Claiml, erein sald thernosetting resin conposition has a
viscosity of mastgiehter iHad ABSLR)8grydd RstemoR & fYiral gphatic
25[err] C. 10.5f e ocess for sem conductor devices, said process conprising
the steps of: electrically connecting a sem conductor device conprising a
sem conductor chip nmounted on a carrier substrate, to a circuit board;

infiltrating a thernosedti ngThessfraefpes GOdi 1 havispastn besvgen the
carrier substrate of said sem conductor .device and said circuit_board,
wherei n the cCONPIRPEFORIEBPPFLPnGCRBESE “1GH & AR HHY o £ aRCEpoxy
resin, about FrésacebothanOapantssbyoaei gifha -a¢f st curiewpagenirandf abpaC.1l to
about 90 parts by weight of a plasticizer, and curing the thernosetting

resin conmposition by the application of heat.
10. A process for semiconductor devices, said

process comprising the steps of:

!electrically connecting a semiconductor device
comprising a semiconductor chip mounted on a carrier
substrate, to a circuit board;

infiltrating a thermosetting resin composition
into the space between the carrier substrate of said
semiconductor device and said circuit board, wherein the
composition comprising about 100 parts by weight of an epoxy
resin, about 3 to about 60 parts by weight of a curing agent
and about 1 to about 90 parts by weight of a plasticizer,
and

curing the thermosetting resin composition by the
application of heat.

11. The process of Claim 10, further comprising
the steps of:

testing electrical properties of said circuit
board on which said semiconductor device is mounted;

if a failure is found in said testing step,
removing said semiconductor device at the failure site while
heating the neighborhood of the failure site;

removing the residue of reaction product of the
thermosetting resin composition left on said circuit board

or on the bottom of said semiconductor device by heating it

(WM sussmmure sueer oz 20
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11. The process of Claim10, further conprising the steps of: testing
el ectrical properties of said circuit board on which said sem conduct or

device is mymbgsisd f a failure is found in said testing steppcfa88yio
sai d sem conductor device at the failure28tte while heating F% #

nei ghbor hood of the failure site; renoving the residue of reaction product
of the ther rﬁ%eﬂ‘tﬁ’?@d?fe%ml’é%ﬁ'p%i@?eﬁtpéiﬁb aApggogadilteiitt boldyld ar on the

bottom of saiyHeid C@d‘ﬂ%ﬁ@[ Qﬁviﬁﬁr? naeahgngu Wwith WA B4 solvent |
PCT/ US98/ 008 6125}? predet er mn%é npérature, inpregnating it wth an
organi ¢ sol e??rb?%gh%t?ﬂg i PT Fﬁeﬂ‘l&P&aﬁieE‘P@é]a\Féﬁﬁe WRR% heat i ng

it to a predeternined tenpeiaygutke asdi da&DbStEnghEah%lEaQﬁ:lﬂlt%.lQI the
sai.d circuyit boar

electrlcally SO tive materi on

bottom of said Cﬂémlc%encfﬁ%tf%?l%gv?‘%gg 3. SpE GrEcuds Hray ﬁ'ﬁ ﬂf‘ ti/ﬁ’f:'er ein
sai d pl asti didgrocorprészsed semieasfiuohercdepderd sel ected fromthe -group
consisting of (neth)acrylic esters, aromatic or aliphatic esters and

conbi nati on thereof. 13. The process of C aim 10, wherein said curing agent
conprises at |east onelzonpbumdesetessedif ComimhaOgr eeredmsisstiichg of ami ne

conpounds, idn %ﬁ&@%?se@gtfl gs@g%pﬂg ggﬁggﬁ?ﬁs’seq%%tféfcf%rom

i m dazol e conpounds and nat 1 ons t ere rocess o alm 10,
wher ei n sai (Fkéepcﬁéip%és‘r‘?f‘%wlil%e%faﬂmﬁéaéﬁcﬁﬁélﬁuﬁﬁﬁiﬁmot isgreaa tdls)ax r esi n

and 0 to abcutigiRehy awierd DasedomPihBeibat gheeREXY resin of at |east one
nonof uncti onal epoxy resin. 15. The process of Claim 14, wherein the

conbi ned anount of said plasticizer and said nnnofunctlonal epoxy resin is

from5 to 40% by wei ght3 of The podbedseosPosihianiolbwhEhe iy @%&3 cQInGlg’su m

14, wherein 2ol RAGLUNGLE 0l ; EROXYoEESEDBAA" 3V KWk H PR RN T om
group consisting of amine compounds, imidazole compounds,
modified amine compounds, modified imidazole compounds and

combinations thereof.

14. The process of Claim 10, wherein said epoxy
resin comprises at least one multifunctional epoxy resin and
0 to about 30% by weight based on the total epoxy resin of

at least one monofunctional epoxy resin.

15. The process of Claim 14, wherein the combined
amount of said plasticizer and said monofunctional epoxy

resin is from 5 to 40% by weight of the total composition.

16. The process of Claim 14, wherein said
monofunctional epoxy resin has an alkyl group having from
about 6 to about 28 carbon atoms.

17. The process of Claim 14, wherein said
multifunctional epoxy resin comprises about 10 to about 100%

by weight of bisphenol A type epoxy resin.

18. The structure of Claim 10, wherein said
plasticizer is a (meth)acrylic ester”of a hydroxy aliphatic
amine.
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abou.t' '6' to about 28 carbon atons. 17. The process of Claim 14, wherein said
.mul tifuncti y resin conprises about 10 to about 100% weli
bi'sphenol c%?@ggﬁg Xy resin. 18. The stpucture of C aim 10, &%‘e‘?‘éﬁf’ﬁ’%&?d
pl asticizer is a (neth)acrylic ester of a hydroxy aliphatic am ne.

98/ 32159 23 PCT/ US98/ 00856 19. The process of Caim 10,

wherein said ther m)set ng Si t has Vi c05|t of . pot greater
t han about 50, 000 rrPa at éﬁ ﬁpé %refloé}'lfﬁm rlracﬁ wiiereid said
thermosetting resin composition has a VlS\,Oqlty of not

greater than about 50,000 mPa-s at a temperature of 25°C.
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