, €3eZWFE6>TIwW 2 7 , 11Ji PA3 EPOXY RESIN COMPOSI TI ONS FOR LI.QUI D
ENCAPSULATI ON Desﬂmmmmm“mﬁmm cal Field 5 The present i nddntfitdnZ§i3
related to |iquid for electronics conponents, nore
speci'fically those basedwttpon |iquid epoxy resins. Back round Art Pol yner
encapsul ants, nostly epoxy encapsul ants, are conmmonly used in IC 1o
packagi ng for thermal and noisture resistance. In recent years wth higher
integration of integrated ¢ircui ' B er wth
| arger chips. T SreeH HoDY ere ey S Ag2deam-Aat i on and
cracks caused by stress and noi sture. For exanple, the solder joints in
flip chip on board are easily broken caused by stress, causing the flip
chip to fail, if underfill encapsulRestriprdreri al s are not used in the 15
package. ﬁggh.uggeililling by epoxy encapsul ants, the reliability of flip
chip on L Ces will be significantly increased. Therefore, good
perforgmance of TROCARSH afifventidh S§T RN MYLRE WnBafsBRLE! B dIRoBIY
inmportant for the reliability of packages. Liquid epoxy conposite naterials
havi ng i neorgparieotsf inptesspscificalidddss baskd gporligpdryoxyassing are of t en used as
encapsul ants for underfilling in flip chip and chip-size 20 packages, and
gl ob-top dispensing/stencil bringing in chip-on-board (COB) and ball grid
aray (BGABapaskamest Such epoxy encapsul ants are commercially available in
one- conponent or two-conponent products. The one-conponent products consi st
of a uni f or m pPelyimer ghcapsplasis, astty epesi ancapswyisnye £gemeonlnngedihée
addi t Vespvgiy Cirrll £Sr %ernrgélna%ha oilstnret r%(saist%%e.ble CRAUSE velr 'vﬁtﬁﬁ%hgﬂ’ 'n%e% atiof’ 25
rre QIy Lofte %poxy encapsulants |ncorpor§t|ng ¢'a Van y ' des have
several dopiteaeksd cikbsitsgNCARM/HanE begvnes sradlkr veitdlatger @hiper ThimpBtuges whi ch
causes the materials to expand in volunme and results in the degraded
per f or manB@blms Hishschagheging delamingionandearngks cayspdnby stressi aH| BPISWYRIr i n and

bi sphenol ﬁopéxalﬁ{ 1@&%9934&&3%@51&% ﬁﬁﬁwﬁﬁ:{‘%@ Bl O LRI G BRI RELRSs, POXY

resins havin ﬁgdr ora er ei eén atons e chlori'ne and
bromi nc atewskg theeflipochipnbyfails efluiderfill i cavapduac apsaradntse hecasedeint they are

liquid at roomtenperature. An im dazol e_curing agent . proposed to be
used fdr pwagﬁswq@pwrﬁlégg R¥ epoxy @wpww,z@@ﬁzb@w $ ﬁwa&hémfm ard

5,561, 174 di:scl Qi [ ik i i liquid
poy’ 1 e BB e b R T B O e
and (O aimstepeas] mgisage ndsiscamosrviesy mgpdrtaet foe #ot rebabiptyofipatkages.(C-1 ) a

di met hyl pol ysi | oxane havi ng ani no gr.oups or carboxyl. groups.react.ive wth
cpoxy B §est ns Lo EO5) GTpREIenGaBHaBRH i T LGS BRHEn T it8ups or
pol yet her ¢Q4,QURSink Afe AR BUNE nOiRRAIhRI fol LddMilliheBRANY JhShitBclap-sides si de

chains, and (G 2) an epoxy resin haV|ngE;he sanme structure as conhponent
(A). o) Spadkagestandiglolsiopsdispdeing/stancidSemging mndupoottwaid (COBg iand fbai!

el ectronics,co S._consi std of cycl oal.i phati ¢ epox esi r .
gy dener , 54 ¢ SR IGR ) PaFtiRas. bR ePonf¥iendutly Bt ForfmRiNashE el Rrine

gr dener eadlchH@poinhyt Rt empsHRYpodgctanThé BRe-tohpient plodaers 20BN R T US
silica. U S. Patent No. 5,248,710 discloses flip chip encapsul ati ng
conposi t i BREoEL pEAMIXiAR Pasy eapxiefreiy arqising agant apd gther additivesuyhiEBdsy® gr oups
per nol ec N e: L] poxy resin, (C) an imdazole curing
agent soIH%ﬁguﬁﬁhé%%éttgéggﬁtF%%bfg&gﬁg'(E» fused silica filler. U S
Pat ents No. ? fﬁfxp@ﬁ@% gorae bp@@e@hﬁ@%é&ti?d?x[@pmxingraem! anhgdrigesshave G?I\lEral ()
conprising (a) liquid epoxy resin, . iller conmprising guartz ur, (c
a pol yet tha"ﬁlﬁF]%l Thedeqcapsulant ongigrals atend tARbsPPe i Waich: e 9. s
Pat ent No T AfRPR r:es Lid 1 20
senicondug}ta%:rrﬂl ee%ggggfﬁﬁ%ﬁ%ﬁ?5|ng§§g1§?§§% |%?gi%ﬁ%gﬁgﬁ%gfﬂ%iﬁkgﬁggpoxy
resi n conSameicpoxypfesihfuek agépiciderohgdiin avd bispliegbls@r dyHer edvdak meking, and
substituted bisphenol identified as fornmula.(l1), (B) hepolic resin
curing ag&mloi!m%fla? AP HENEOBPARI GRS hareg dgc%P?réteé‘pthﬁgf‘} OIBREhBIFY resin
curingo aggRE chd@nE lahil Btoddhc@8iY e CohinonlyChsedot ngﬁiaaéﬁcapsfuunkseﬁec_aﬁgé (D) a
curing accelerator. 25 U S Patent No. 5,439,977 discloses an acid
anydr i de- theytae hiqugl gneopatckwgmtwpoxdn iniianole supogiagemsrvascpieppssditage

i ndi spensabl y. of, ' 1 an.epoxy resin having two or nore epoxy groups per
nol ecul e, ufeéglfoéhlee{)@%%emﬁﬁwsge, (3) at least one of (a) a liquid | atent
curing accelerator, (b) a latent curing accel erator solﬂﬂmm' resins
such as ( 1) and (c) a latent curing accel erator sol ubl m,mwm&%hydri de
and (4) a dispersible 30 latent curing accelerator. U S. Pﬁ&ﬁn

5,457,165 di scl oses an encapsul ant of am ne-cured epoxy resin B! ends

conprising (a) a first liquid epoxy resin conprising either: ( 1) the
diglyci dyl ether of polyoxypropylene glycol; or (2) the diglycidyl ester of



An objective of the present invention is to provide one-cqgﬁoggﬂt mnquid
encapsul ant materials for underfilling, stencil printing, d s% si ng
for package such as flip chip, CSP, and BGA, etc. The |iquid encapsul ant
mat eri al s* provided in this invention have a high glass-transition
tenperature (Tg), high adhesion, and good to noisture and stress

resi stance. The preferred basic epoxy #esin in the liquid a encapsul ants

devel oped in this_inventian is_poly(bj.sphenol A-co-epichlorohydrin
gl yci dyl end-c pp%dq)yﬂ}et“h ﬁﬁoﬁsﬁv%pé‘ 0sfy s]‘%ﬁse%ﬁx ar*BPoSYRRGHAAI ent  of
189. In agcaonaance IiQUi\E,imQ?’gﬁyr BSRNYBY Q%ﬁrﬂ&ﬂh?{ﬁol(ﬁilb*aﬁx‘é'l%ﬁ@%%ﬁy|g?<§dp§9

conposition is provide conprises a poly(bi spheno
A- co- epi citl mrtblends and (G) ncdishdrsieg dger ppetristignibe reagomyprgdeu pd @t-1kach end

of the mol.ecule. This fam ly of .epoxy resins is,characterized.by formula I
bel ow.  OptEHATRYYSTisNans, ol Apind eadyms Gr ARYLRE AP Whateret i SUBSPREsi ns
can bes adgegls bR iRl hafb@r BSRRAAS ARBhRind fiRnl 1 SELDs SPpeREeAEIoNPs for
conposition. The conpositions further conprise as ‘a curing agent a di am ne

conpound imprpyige sainpetibjlibupih gpoxvarschine nd isfsiderrhains] avlu((@?2) athepatiyansine
compound 20.can be an aromatic, aliphatic or cycloaliphatic conpound. The
conposi ti aﬁéngi:ﬁhggalg%tsﬁr%%%rle@C8%'R‘B?ﬁn2é‘giin inorganic oxide filler. The

filler, when uged. Patentadkes| 189,080 diselstaah acaps@latingl fesigefor r@edudaits to
enhance its adhesion to the epoxy resin. The surfactant is preferably a

si | ane. 2¢prEpqnsntspesHsting efsyclopliphatic ppexy 1eginFs hardenqrt appacseleeater, adilles, i s a
gr aph, of I cl] rel kability test, d . Chi €0 Ml
odor 191 1 bR ol bt 80 hotdete R LB BSR4 .
égst Modegarf &y anfé@phytisifiicaut the I nvention 30 The liquid encapsul ants of
this invention_include three main conponents of (A) epoxy resin, (B) curing

agent, and (C)UtiS |&atent No. 2,248 X1R digelases ﬂz@nﬁfaaewa?sad@t%@pmm%% The

o A . o onent e

onas of 1 ForbEilk (®) fh BhoRfRYM nhHACAORBAN b ol Mdibs FROFIIALMRE) 7, D)

_ Rt Ca FRsiliconevfiodifiedep&yGeEin(C) aR-imidazGldzubhiz GpitiZelOble-in @pbxy=fEsih B)|  wher e

n=0or1 na. re substituted or unsubstituted nonoval ent
hydr o&ar b%"l‘fja@?d)dHR?lfg sglllca lll&xy groups. This basic bispenol -type epoxy resin
has an epoxy eguiyabgph; Ko, 157854,9330QiscRle2RAbMZed ApoRE febif §&}HFos?t‘ions

different with 1 to about 10°3 &arbon atoms. Substituents can 1nclude halo
and | ower cahpyding (@hliqsd mpoxy kesamdbefilipt compridesiquaedz flong (o) atpudyetiaroepoxy

conpounds b sed in c i nation with the basic bisphenol-type epoxy
resinto Pﬂg%{#?%p(ﬁ)ealb?réﬁ‘é‘F%lF)g Ogllde_gﬁ]éeqt siligety: encapsul ants, i.e., to
decrease theiryvisscmgddti €6, 3/3d61198 | I5IERS @pbheirksih NOUPIBRDEs 5POkealing _
exanpl e, the below aliphatic and cycloalipharic epoxy resins can be used in

t he adln xsamigonsfuctnsodayiqess‘epnpsisinghas |asspntial epmapMsEnts) amjepEsy resin

R L g T e e e e
Epoxy cy teatified/ haresiinnyd $I$,, (B a pledoRy reye colax aguit eafifaivyd 304 00higghtcan be

obtai ned from ERL-4221 of Union Carbide CorE._ USA: 2 7 JAN 2pU~ 5 000
|11 Bi s(2peroens pfxg epeaifip @henalic wsinesuringi egent idengBed byafosealar (iHm(EREn- 0400

of Uni on ﬁlopfafnpé ﬁil?er%ﬁ QD) a Eﬁ‘?hg accelerator.

25 U. S. Patent No. 5,439,977 discloses an acid anydride-containing one package
epoxy resin composition “consisting indispensably of” (1) an epoxy resin having two or
more epoxy groups per molecule, (2) an acid anhydride, (3) at least one of (a) a liquid
latent curing accelerator, (b) a latent curing accelerator soluble in epoxy resins such as
(1) and (c) a latent curing accelerator soluble in acid anhydride and (4) a dispersible

30 latent curing accelerator.

U. S. Patent No. 5,457,165 discloses an encapsulant of amine-cured epoxy resin
blends comprising (a) a first liquid epoxy resin comprising either: (1) the diglycidyl
ether of polyoxypropylene glycol; or (2) the diglycidyl ester of linoleic dimer acid; (b)



O ~O H2C~HC CH HC \CH \ /CHZ H2C~ O-CH CH2 IV Di gl yci dyl2 @ HAN 2003

pol yoxypropyl ene gl ycol which can be obtained fromDER 732 and to DER 736
of Dow Chemical Co, USA: Hs O CHOCHCH2 CH2 CH2 \CH2 CH2 \ONCH n OV
Di gl ycidyl ether of 1, 4-butanediol which can be obtained from Hel oxy WC 67
of 15 Wl m ngton Chemical, USA: / NCH O CH2 CH2 CH2\ /CH2 CH ~ \CH/ CH ~
\CH~~CHh zzz2O0On OV ~ 7 .1 3 N 2003 6 Component (B): curing

agent The curing agent used in this invention is an_am ne-type conpound
such as 42 aew%?lﬁwde%stw CORBIIGAE die Alglycihil ﬁ@egpédﬁsg%nw> BN of t he

nol ecul e, 1 | RV . . I i o .
cycl oal i p%iﬁ]ggg’%ﬁgg’ 'Mn%lgﬂtg\gﬂ%gﬁ)\?veéégﬁﬁlgpsglcbgg%%ﬁécf fgls? %ﬁ?n’%s‘gg@ﬁl{‘ % to
nodi fy t hegept sbeexdd feamnflekibdided guiydmenes @p polyamidesi f desired: [0

N- Am noet hyl pi perazi ne which can be obtai ned from Texaco Chem cal Co CH2
NH CHCH22 2~CH2 ~NNHH2CCH2 15 Ment henedi am ne whi ch can be obtained from

Rohm & Hags furel B heHAGe 3G CH NH2 CHz \ /NH2 CH2 \CH3 VI |

An objective of the present invention is to provide one-component liquid

encapsulant materials for underfilling, stencil printing, and dispensing for package such

as flip chip, CSP, and BGA, efc. The liquid encapsulant materials provided iﬂ this

invention have a high glass-transition temperature (Tg), high adhesion, and good

10  moisture and stress resistance. The preferred basic epoxy resin in the liquid

éx} encapsulants developed in this invention is poly(bisphenol A-co-epichlorohydrin)
glycidyl end-capped with epoxy groups at its ends at an epoxy equivalent of 189,

In accordance with the present invention, a liquid encapsulating composition is

provided which comprises a poly(bisphenol A-co-epichlorohydrin) glycidyl end-capped

15  with epoxy groups at each end of the molecule. This family of epoxy resins is

characterized by formula 1 below. Optionally, one or two aliphatic or cycloaliphatic

diepoxy resins can be added to modify the properties of the liquid encapsulating

composition. The compositions further comprise as a curing agent a diamine

compound having amine groups at each end of the molecule. The diamine compound

20 can be an aromatic, aliphatic or cycloaliphatic compound. The compositions also

optionally comprise an inorganic oxide filler. The filler, when used, is soaked with a

O surfactant for surface treatment to enhance its adhesion to the epoxy resin. The

surfactant is preferably a silane.

25  Brief Description of the Drawing

Fig. 1 (the sole figure) is a graph of thermal cycling reliability test data for chips

containing underfill compositions of the invention vs. commercial underfill products.

Best Modes for Carrving out the Invention

30 The liquid encapsulants of this invention include three main components of (A)

epoxy resin, (B) curing agent, and (C) filler.



| X Conponent (C)filler 20 The filler in the Iiquid encaps nt@ ?ﬁﬁ be an
i norgani c oxi de powder such as fused silica powder, alum N dni um
oxi des, and nitrates of alum num titanium 2 7 JAN 2003 silicon, and
tungsten.- The addition of filler will decrease the flow performnce of
l'i quid encapsul ants and increase the noisture absorption resistance of the
encapsul ants. Therefore, whether fillet is added in the |liquid encapsul ants
is dependsnt on particular case or desire. 5 Prior to the addition of
filler t 0 ants, the fillers are soaked with a surfactant
for surface trenl GRRYpOly 3 il b blsBherobs ﬁﬂ*ﬁ?@ﬁ?résh?wﬁﬂ'&ﬁéplﬁgko%s lBothi 1 | er
to the epoxy. The surPact ant Is u |'ane. The sil'ane preferably
used in ténds of theamoleowlai @agarﬂmestgllcmw dcshywn(apytlowmlf@rmoba)lm | ane, havi ng
the structure below H3C ~OO/ CHz CH2 CH2 CH2 H3C~ ~SI~ \CH2 ~O~ ~HC~~ O
OCH3 X1 o The fillers soaked with the silane are heated to over 100 Cto
evaporate excess anounts of the silane. After cooling, the fillers can be
added to the epoxy conpounds. O her additives, such s carbon bIHack as a
col oring agent, imdazole,or bepzylinidazol 3 and/bhgnlmated
epoxy re5|n_9F a e\ as, Tl ang_rdiN\ar dgnt s|, can be‘gﬂded to
t he Ilquﬂti/%?ncabu i 9 nts\cpargg’l ng fromO0.to 5 15 wt. %
Catal ysts @re used in |inited quantltles)H l gss than 0.5 wt. % of the total
conposi tion. Conposition of Liquid Epoxy EncdpS8ul ants For the basic
blspheﬁol epoxy resin or its mxtures, the conposition of the 20 epéxy
resin conpositions is as below Table 1 Basic bisphenol epoxy resin60 to
Q0 wt Al'i phatic and Cyel oal i phatic epoxy resinO to 40 wt Curing agents)15 to
wt %‘thbler 8) =~0 ¢ 176ndMR %énd B&;scad: splostituted adr nmbsntltutedpuwyxovzdmtns) and

curing ag **Based u t ot al Sition resin + filler 2 ~
TA N 2008 FEroHEbeT s S G BPHES. oF RIS RO ipeCSi I T840 g8S @ed | n
epoxy di ecgdbachivahest YRS 306 RPAXYRELEEHE iedhint s AEstchi WRh adhasbmes i n
the fornms of "isotropic (I CA) and ani sotropic conductive adhesives (ACA

Wi th thei B caronl dtems. euente sanfindlade hgo camdi loyrenatkyhisyth asimethydrandThe
i nvention ‘[‘H' be further illustrated by the following non-limting
exanpl es. ©

If desired, one or two monoepoxy compounds may be used in combination with
the basic bisphenol-type epoxy resin to modify the properties of the liquid
encapsulants, i.e., to decrease their viscosities and to increase their thoughness. For

15 example, the below aliphatic and cycloalipharic epoxy resins can be used in the

admixture of epoxy resins of the liquid encapsulants.

@ Bis(3,4-epoxycyclohexyl)sdipate which can be obtained from ERL-4299 of Union
Carbide Corp., USA:
20

O—0

CH CH
I
I
0

3,4-Epoxycyclohexylmenthyl-3,4 - epoxylcyclohexane carboxylate which can be
obtained from ERL-4221 of Union Carbide Corp., USA:

I



Exanples 1 - 3 1 o Liquid epoxy encapsulants are fornul ated as underfill
materials for the encapsul ation of flip chip on board devi @3. JAR

conposi tions and properties of the |iquid epoxy encapsulants are |IS?ed in
Tabl e 2. The basic bi sphenol -type epoxy resin used here is poly(bisphenol
A- co-epi chl orohydrin) glycidyl end capped, with an epoxy equival ent of 189,
whose structure is shown below. 15 RS H Chi RO\Q ,Hz p CHz-p \ /O
Rz CHH ~H~-OORzZ CHOHn =0,1 . _ 27JAN20039TabIe2Conp05|t|on
and properties of some |iquid epoxy encapsul ants as underfill materials in
the application of flip chip on boawd. Liquid Epoxy Encapsul ant

(Exanpl e) | 23Conponent Content wt (A) : ||Pol y(bi sphenol A-co-epi chl or ohydri n)
glycidyl end capped5043 3 : Wl ene dianiline2016.13.3(0:

Fused silica04050(D): Carf *’1@? . Ak’-‘ma"i esCuring Conditionst 50 C
30 mnl50 C 30 mnl50 C 30 mnd ass transitio enperature (Tg), C --
@SC142. 2140. 0140. 3Coef fi ci ent of Thermal Expansion (CTE), ppn C -
@IVA28. 042. 934. ODegree of Curing % - -

@SCr2. 291. 697. 5Per f or mancePr e- heati ng Tenperature, C308080Encapsul ation

Ti me, sec20 S5Reliability, o cling fr - t 2 .
c>3000>30§6i28680@@¥3ﬂ%?ﬁ%%ﬁ&ﬁ 9&&?&?& ﬂgwﬁgqg%%jﬂu§A#ﬁoé 3hPB“En PCB
board W t Tamigk €opl,288Af 7x15nm and a joint gap of 160 Vim These liquid
epoxy encapsul ants ‘have a hi gh Tg of about 140 C after curing at 150 C for
30 min. The coefficient of thermal expansion ("CTE") value of the 10

encapsul ants can reach to 28 ppniC or below if the content of the curing
ent with respect to epoxy resin ipdecreased to 20 wt % The mi xture of

phati c and cycl oaliphatic epox>/ \91\ e basic bi sphenol -type
epoxy resin or the use of &P 9‘hla®| o andQHycI hat| c pol yani ne curing
agents wll nodify the fl ov/ perf r mance |of th | qui d epoxy encapsul ants,
increase 15 their flow raflen ur@.pzrf iH,ELn decrease the encapsul ati on

time of the flip chip. Inﬂ@,q to “get ’f a3 euq2 curing of the encapsul ants,
catal ysts such as imdaz®®eE or benzylimdazole for activating the curing
agent can be added to the encapsul ants. The anount of catal yst in tiMe

encapsul ants is preferably about 0.1 - 0.5 wt. %It was found that these
catal ysts do not take effect at roomtenperature so as not to affect the

pot |ife Zomtidhh@ndr S\Woll oSRRSYyIENCEPEH vHSean belobtaidédNfromrBERO732 and
10 DER 736 of Dow Chemical Co., USA:

CH,
O b
“CH CH CH, CH,
~ s L~
cHy” CHZ/ chy” ol e |
5 dn 0

Diglycidyl ether of 1,4-butanediol which can be obtained from Heloxy WC-67 of
15 Wilmington Chemical, USA:

0
\ CH, CH
/ CH, CH, - "

\
cry” CHZ/ cry” eny” o CH
0
n

VI



EXAMPLES 4 and A The adhesion in shear test of the liquid 2)2x§ ﬁnﬁ%gsul ant
I ME-1 as a underfil]l to polyimde on silicon and sol der resi st 6

substrate was neasured, in 5 conparison with a commercial underfill,
Underfill-A The test vehicle was the silicon chip with a size of 4mm x 4mm
coated with polym de which was attached onto a PCB substrate with
underfills. After the underfills were &€ured at the recommended curing
conditions, the shear test was conducted on the test vehicle to neasure the
adhesi on @¢mpenent@ecuring 82¢%5 pol yi mi de or sol der resist. The adhesion

results are s i T 0 [ i h t ME- 1
and NF 5t 00ZJ hﬁ%\%gﬁlj}?q ?gén?(ﬁl%%doﬁhyf}%??i%‘%gﬁoég{ggrag?gés'lf@t% @D%Erpci%l?? islulglgfgrrpl e
1( Cont r ol J,4\Ntteryiiedel dAAREaghicAdhes amindKgraupd3on Akt aomdaraf Devinati¢nie,
Kgl 6. 374. 25Fai | ure ModePo] yi m de/ underfill & cohesivePol yi mi de/underfill
Sanpl e SiSfBematicatlyshowpoebélawil ts show that the Exanple 1 epoxy encapsul ant
has re than 15 one tinme higher adhesion to polyimde than comrerci al
Underfill A. Thus, for underfilling encapsul ations, the epoxy encapsul ants
of the invention with higher adhesion to polyimde and solder resist, wll
support FCOB to provide higher r=lialildGyy. I 20 EXAMPLES 5 - 7 and A -
D Reliability tests, inther ) 40 Cto 125 C, with a
cycle time of 40 min and te eratur/hum'd exposure at 85 C/ 85%
of flip chip on board with tfje en arious underfills have
been done. The FCOB has a dyexsi ] joint gap of 160 pm and
12 solder joints. The rﬁlllh il 25 results afe shgn in Table 4. Table 4
Reliability result in thérmal cycling and tenperatur rhum' dity exposure of
&le FOOB 2 7 .1 AN 2003 with the encapsul ation of various underfiYlls.
Rel i abi | i t yExanpl eExanpl eExanpl eUnderfill UnderfillUnderfill Underfill 123ABCD
TC, cycl es3494>374634943750296129351154(failure) (0/15)(1/16)(1/63)(2/95)(8/9
4) (1/ 14) TAHbhatic and cycloaliphatic polyamines as below can also be used as curing agents to
hour s10581058>1226>1 226>1226>1226(f ai | ur e)ﬁ( 1/ 15) (2/ 16) (0/ 14) (0/ 14) (0/ 15) (0/
13) As i | madify thegquopgitiespidhe hgwd epeapsylpgts i desitef epoxy encapsul ant s
devel gped in this 5 invention as underfill materials in the encapsul ation
of flip chip on board can provide outstanding reliability for flip chip
packages Nenineethpl pipgratinegvhinhcah dapbtaatedfsynh lexatiotCheexpdsime reliability
tests because of their high adhesion. EXAMPLES 9 - 11 AND E - H 10
Reliability Testing of Underfills Chips at a size of 7nm x 14 mm were
assenbl ed on FR4 substrate with a standyoff .of 150 um Before the
underfills were di spensednH,he flgH) chi/p”on bard (FCOB) was cl eaned by
solvent to renove fl ux resi%‘ugHz/fhen\ ried in,an oven at 125 C for 24
hours. The thernmal cycling test®in the range -45C to 125C was done to
assess the 15 performance of the under &Ils. three types of invented
underfills and four types of commerci &P Y—a@é'?l abl e underfills (Controls E-

were included in the thermal cycling reliability test of FcoB. VI

npositions of the invented underfills Conponents Exanpl e91011Bi sphenol - A
wt % of a ox m x8073734,4' - Met hyl ene dianiline wt% of a ox m x202727Silica
(Wt % of t deathpRedidhine hidOcahhte sbesindd BorafRdhre&rIdddsatn.l ity tests of FCOB are
shown in the below Table 5 and Figure 1. As shown in the results, the
i nvented underfills are anong the top perform ng underfills. 2 7 JAN 2083
12 Table 5 H.C

3

H,C——CH,
HsC of N
PR / "\

H,c——CH, CHas

NH ,

IX

Component (C) filler

20 The filler in the liquid encapsulants can be an inorganic oxide powder such as

fused silica powder, alumina and titanium oxides, and nitrates of aluminum, titanium,



_o *Underfill No. of Cycles forExanpl e5%failuresl0%failuresC 1 E42504732C2
F37384209C3 &24503002C4 H 70020001 HA 9349439961 HB 1056699ﬁ83pg§3$&$4946205
* C Commercial; IH In-house 5 Al though only a few enbodi he
present invention have been described in detail herein, it should be
understood that the present invention nmay be enbodied in many ot her
specific forns without departing fromihe spirit or scope of the invention.

As will further be appreciated, the present invention js suitable for use
in a vari 8ti§orefand; Yugsierendap Adnisien soff Berevidk de@ease she dlayo perfpanange @f
Ther ef or e, 1. enmbodi - | as
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appended cl ains. 7 2 7 JAN 2d0 13 Cdainms | claim 1. Aliquid
encapsulaﬁﬁﬁﬁpgﬁﬁﬁosition conprising an epoxy resin, the 5 poly(bispheno
A- co- epi chl oro i oY - : ! K i he
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has an el edyal it RoBRo ALY Gr Ppom B PHTFEbROLGE TRGBE 3 The
conposi t'HNeﬂforPils%bﬂhﬂa- L8O Sy S mEROBIRRS h@iRe He dRnaddébivonal  epoxy
15 resins selected fronmihe group consisting of aliphatic and

cycl oal i phati c di epoxy conpounds. 4. The conposition of claim3 wherein
sai d additional epoxy resijpgs are selected fromthe group consisting of

éj s( 3, 4- epoxycycl ohexyl )a& page, 3,420
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the di gl ycidyl ethé&sCof 1,4Sbut anédizol an®vi al t’ﬁ‘l\ hexane di epoxi de. 5.
The conposition of claim1 erein said curing agent/d s selected fromthe
group 25 conprising 4,4 -nmephyl ene dianiline, N am noethyl piperazine and
ment henedi am ne. 6. Thq}@pﬁposition of claim1 which further conprises a
filler. 7. The conposition of claim6 wherein said filler is selectgd from
the group consisting 30 of silica, alumna and titania. 2 7 JAN ~%’\B 14

8. They conposi Thefillefs sohiaddith veafighdars deskedl itd bedr 1109° ERKBApbratedex@eysf act ant
before addition to said ggoxy resin. 9. The conposition of claim 1l wherein
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@ composition.

Composition of Liquid Epoxy Encapsulants
For the basic bisphenol epoxy resin or its mixtures, the composition of the

20  epoxy resin compositions is as below:

Table 1
Basic bisphenol epoxy resin 60 to 100 wt %
Aliphatic and Cyeloaliphatic epoxy resin Oto 40 wt%
Curing agent(s) 15to 30 wt %*
Filler(s) Oto 70 wt %**

*Based upon total resin = epoxy resin(s) and curing agent(s)

**Based upon total composition = total resin + filler



about 30 wei ght percent of said epoxy resins. 12. The conpgﬁzg}on of claim
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The coefficient of thermal expansion (“CTE”) value of the

encapsulants can reach to 28 ppm/°C or below if the content of the curing agent with

respect to epoxy resin is decreased to 20 wt %.

The mixture of aliphatic and cycloaliphatic epoxy resins with the basic

bisphenol-type epoxy resin or the use of aliphatic and cycloliphatic polyanine curing

agents will modify the flow performance of the liquid epoxy encapsulants, increase

their flow rate in underfilling and decrease the encapsulation time of the flip chip.

In order to get faster curing of the encapsulants, catalysts such as imidazole or

benzylimidazole for activating the curing agent can be added to the encapsulants. The

amount of catalyst in the encapsulants is preferably about 0.1 — 0.5 wt. % It was found

that these catalysts do not take effect at room temperature so as not to affect the pot life

of the liquid epoxy encapsulants.
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These liquid epoxy encapsulants have a high Tg of about 140° C after curing at
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1098& () - 1>3 10hg&beye segults show that the Example 1 epoxy encapsulant has more than

15 one time higher adhesion to polyimide than commercial Underfill A. Thus, for
underfilling encapsulations, the epoxy encapsulants of the invention with higher
adhesion to polyimide and solder resist, will support FCOB to provide higher

(:3 reliability.

20 EXAMPILESS5-7andA-D
Reliability tests, in thermal cycling (TC) from —40° C to 125° C, with a cycle

time of 40 min and temperature/humidity (T/H) exposure at 85° C/85%, of flip chip on
board with the encapsulation of various underfills have been done. The FCOB has a
die size of 7mm x 15mm, a joint gap of 160 pm and 12 solder joints. The reliability
25  results are shown in Table 4.
Table 4
Reliability result in thermal cycling and temperature/humidity exposure of the FCOB
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(failure) (1/15) (2/16) (0/14) (0/14) (0/15) (0/13)

As illustrated by these results, the liquid epoxy encapsulants developed in this

invention as underfill materials in the encapsulation of flip chip on board can provide

€,,3 outstanding reliability for flip chip packages in thermal cycling and
temperature/humidity exposure reliability tests because of their high adhesion.
EXAMPLES9—-11 ANDE-H
10  Reliability Testing of Underfills
Chips at a size of 7mm x 14 mm were assembled on FR4 substrate with a stand-
off of 150 um. Before the underfills were dispensed, the flip chip on board (FCOB)
was cleaned by solvent to remove flux residue, then dried in an oven at 125°C for 24
hours. The thermal cycling test in the range of -45°C to 125°C was done to assess the
15 performance of the underfills.. three types of invented underfills and four types of
- commercially available underfills (Controls E- H) were included in the thermal cycling
() reliability test of FCOB.
Compositions of the invented underfills
Components Example 9 10 11
Bisphenol-A (wt% of epoxy mix) 80 73 73
4,4’-Methylene dianiline (wt% of epoxy mix) 20 27 27
Silica (wt% of total) 0 40 50
20

The results of the reliability tests of FCOB are shown in the below Table 5 and Figure
1. As shown in the results, the invented underfills are among the top performing

underfills.



"109E&& ()-n "109E&& ()-n "10%E&& ()- E3L3MB{3333_?ACL0% #

"109E&& ()-n "10%E&& ()-n "10%E&& ()-#3c"n " 10%E&SE (

()-333

3‘9 ﬁ%y ##3c" n

"100E&& ()-n "10%E&& ()-n "10%E&& ()-n "10%E&S () - #3c" 3333344 DACLO% ##3n

" 109E88 (

)-#3c"n "10%E&&' ()-n "10%E&& ()-n "10%E&& ()-n "10%E&S () - 4

4444, 4] 4cCACLO0% ##n "109E&&' ()-n "109E&& ()-#3c"n "10%E&& () - n " 109E&8& () - n
" 10%E&& () -/ 4245464NAQAT4_?ACLO0% ##n " LOYEE ()-n " 10%E&E () -
"109E&& ()-#3c"n "10%E&& ()-n "10%E&S () - TAWIX44444_2ACLO0% ##n " 109E&& () - n
"109E&& ()-n "10%E&& ()-n "10%E&& ()-#3c"n "10%E&S () - 44455 6: 67=ACL0% ##

-109R & ()- , SHI0OMR & () - (g&lO%Felqz}g)6 V\B$#10°/R'&'() n

" 10%E&&' () - #3c" : 666+777, 8| [ ACL0% | 7: T IR & ()- 5 10%R & ()- 34 10%R & ()-
2.1 10%R & fUnd@fill10WR & ()- S/ 109, &fC)yel;eB&ﬂ999999vU410 10p®" & () -
"109®' & )_ 10R 10R-10R ‘(100@'2'(\_ "I1(LOAD',?'{\ Q'I1ﬂO &'()_9*99:u;
- ;| Z9vU410 Exempdg 21 : & () - 5%@@%‘1]6& ()- | 109" 407 tailugs 100" & () -

s:1109%®" &) s.i.uv - " ?'

& ()-'2u 1095 55 & () -v10% 278 ()-v10% P' ; & ()-<! B2 9<7<D<E<R<eGHav10% ?' :
& ()-' 2uy10%2F: & ()-v10% 73788 ()-v10% P : & ()-' Z208L0% 7' :

& ()- R<q=:<<<<<e&h4A4OQ/QQ'—;8L$%—"NLOQ/@&&—Q——LO—/@&&—Q—4LO&) 2"

& ()-'2u 16%6 & ()-v10% 243 () - <===pK>F?| [ +300°0% / : 1 109R&&' () - F

- MLOYR &&[ T ) TO9R & (=609 E&— () =—fm——+109

&$SH10% 2& C‘UI g%??????(&?@ﬁv S10%E&R ()-F f#?%@e&& ()-31D2&102&102& 7
109%2&& () - IHBIPIR&& ()- 4 33WRE&L () - CAIBR@ @ @PgHAV X " 10PE&E () - Nx

" 109E8& ()= Nx

L IHB 10 5669 6400

L IHC 11 3494 6205

10

o
\“‘i"

* C: Commercial; IH: In-house

Although only a few embodiments of the present invention have been described

in detail herein, it should be understood that the present invention may be embodied in

many other specific forms without departing from the spirit or scope of the invention.

As will further be appreciated, the present invention is suitable for use in a

variety of liquid encapsulants for electronics components.

Therefore, the present examples and embodiments are to be considered as

illustrative and not restrictive and the invention is not to be limited to the details given

herein but may be modified within the scope of the appended claims.
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I claim:

1. A liquid encapsulating composition comprising an epoxy resin, the
poly(bisphenol A-co-epichlorohydrin) glycidyl end-capped species characterized by the
formula:

wherein R, and R; are methyl and n =1 in said epoxy resin, and

a curing agent comprising a diamine compound having amine groups at each end

of the molecule.

2. The composition of claim 1 wherein said epoxy resin has an epoxy equivalent in the

range of from about 170 to about 300.

3. The composition of claim 1 which further comprises one or two additional epoxy
resins selected from the group consisting of aliphatic and cycloaliphatic diepoxy

compounds.

4. The composition of claim 3 wherein said additional epoxy resins are selected from
the group consisting of bis(3,4-epoxycyclohexyl)adipate, 3,4-
epoxycyclohexylmethyl-3,4-epoxycyclohexane carboxylate, bis(2,3-
epoxycyclopentyl) ether, the diglycidyl ether of polyoxypropylene glycol, the
diglycidyl ether of 1,4-butanediol and vipyl cyclohexane diepoxide.

5. The composition of clatm 1 wherein said curing agent is selected from the group

comprising 4,4'-methylene dianiline, N-aminoethy! piperazine and menthenediamine.
6. The composition of claim 1 which further comprises a filler.

7. The composition of claim 6 wherein said filler is selected from the group consisting

of silica, alumina and titania.
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10. The composition of claim 3 wherein said epoxy resin(s) comprise from about 60 to

100 weight percent of said bisphenol A resin and from 0 to about 40 weight percent

of said additional epoxy resin(s).

10

11. The composition of claim 10 wherein said curing agent is present as from about 15 to

about 30 weight percent of said epoxy resins.

12. The composition of claim 6 wherein said filler comprises up to 70 wt. % of the total
15 composition.

13. A liquid encapsulating composition comprising;:

an epoxy resin, the poly (bisphenol A-co-epichlorohydrin) glycidyl end-capped species

characterized by the formula:

R 22
et OO~
e YWy °
\O/ R, CHz—CH\
o n=20,1

20

wherein n=0 or 1 and R; and R, are substituted or unsubstituted monovalent
hydrocarbon groups or alkoxy groups; and
a curing agent comprising a diamine compound having amine groups at each end of the

25 molecule,
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said composition further comprising a filler, wherein said filler is soaked in a surfactant

before addition to said epoxy resin.

14. The composition of claim 13 wherein R; and R, are methyl and n=1 in said epoxy

5  resin.

15. The composition of claim 14 wherein said filler is selected from the group consisting

of silica, alumina and titania.

10  16. The composition of claim 14 wherein said epoxy resin has an epoxy equivalent in the

range about 170 to about 300.

17. The composition of claim 14, further comprising one or two additional epoxy resins
selected from the group consisting of aliphatic and cycloaliphatic diepoxy compounds.
15
18. The composition of claim 17 wherein said additional epoxy resins are selected from
the group consisting of bis(3,4-epoxycyclohexyl)adipate, 3,4-epoxycyclohexylmethyl-
3,4-epoxycyclohexane carboxylate, bis(2,3-epoxycyclopentyl) ether, the diglycidyl ether
of polyoxypropylene glycol, the diglycidyl ether of 1,4-butanediol and vinyl cyclohexane
20  diepoxide.

19. The composition of claim 14 wherein said curing agent is selected from the group

comprising 4,4'-methylene dianiline, N-aminoethyl piperazine and menthenediamine.

25  20. The composition of claim 14 wherein said curing agent is present as from about 15 to

about 30 weight percent of said epoxy resins.

21. The composition of claim 17 wherein said epoxy resins comprise about 60 to about
100 weight percent of said bisphenol A resin and from O to about 40 weight percent of

30  said additional epoxy resins.
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