1 THERMALLY AND ELECTRI CALLY CONDUCTI VE AND ADHESI VE COVPCSI TI ON FOR
SEM CONDUCTOR PACKAG NG S TECHNI CAL FI ELD [1] This invention
concerns a conposition for packagi ng sem conductor devices such as
integrated circuits (1C and |arge scale integration (LSI) devices.
10 The conposition is useful for die attaching these devices onto a
substrate while exhibiting suitable ther rral and el ectrical

conductivity al ong E%% nme parts
of the package. 5& E%j&ﬁ%%ﬂ'b
enf or cenent of Iég - |NG

El ectrical and Electronic Equipnent) and RoHS (Restrlctlon of
Hazar dous Substances) tin-lead solder are replaced by | ead-free
sol der, 20 thereby increasing the solder reflow tenperature from
about 24OC to around 260C due to the higher nelting point of |ead
free sol der. Higher tenperature in turn |leads to higher stress on
sem conduct or packages during reflow due to higher coefficient of
t hermal expahsCONICATEJEMDsmat ch found bet ween vari ous conponents
present in a sem conductor device. The problemis further 25
conpounded by the weakeni ng of adhesion strength between the 2
sem conduct or device and the | eads or |ead franme at such higher

t enper at ur e [00¢] tThiglplentic edricemsi cempokiten fdrpadikagng Bempdonaatieeen.
[3] These problems may |ead to nore frequent and serious package

Sdel ami nat i odevided SiicA@sSngrREd Eﬁ&nfse(ﬁ(tpéfhd)fa@é?@%ale #18g BN P_ESIE devices.
critical enough to result in package failure. Hence, various attenpts

have beepy nafg témp m&ﬁ@ JsRAN idtfe BRECRINGEHRR déﬁncfee%n?diggﬁbéft te while

conposition to achieve better adhesion and el ectrical an errra

conducti vi ty,

Ferper at ur e P ETAr s (EPAIGHa Rl AR R S Bod gihesion
i nproving a t i rtion of silver
(argentum Ag%ge%rasn%rddg%#@ #n d‘fear% &tﬁ‘?ﬁg&%glr%posi tion, typically in
the formof silver flakes or powders in the range of 70%to 90% such
as that disclosed in U S. Patent No. 6,225,379 (National Starch &
Chem cal) and U. S. 15Patent No. 5,908,881 (Sum tono Bakelite). It is
known that, besides its good dispersion in organic resin
conp05|t|ons Aﬁ %%fvides superior thermal and/or electrical

conduct i Wi t 2 however, the resultant conposition has
poor thernal conductivity, thus | owering the heat discharged rate
froma sem conductor chip in operation, whereas at above 90%t he

resul tant viscosity
[002] With the passing and enforcement of lead-free solder legislation under

WEEE (Waste Electrical and Electronic Equipment) and RoHS (Restriction of
Hazardous Substances) tin-lead solder are replaced by lead-free solder,

20  thereby increasing the solder reflow temperature from about 240°C to around
260°C due to the higher melting point of lead free solder. Higher temperature in
turn leads to higher stress on semiconductor packages during reflow due to
higher coefficient of thermal expansion (CTE) mismatch found between various
components present in a semiconductor device. The problem is further

25 compounded by the weakening of adhesion sirength between the



200f the conposition becones too high to be of practical use although
in US. Patent No. 4,595,604 (Rohm and Haas) as high as 95% cont ent
of Ag has been reported for such conductive conpositions. 3 [5]
Anot her aspect is to choose an appropriate epoxy resin systemto
constitute the packagi ng conposition. Iy the aforenentioned

US-5, 908, 881 (Sum tono Bakelite) an epoXy resin having at |east 2

epoxy groups in the nolecule din,liquid_form at omt erature
Y sel oseaemmanduaEsice end Maniadin g Brd rermrrush didhey ToParRbIe
together with a reactive diluent and curing agent, are designed to
avoi d any pHERE AeteAg@iign ¢f cgmicakbonding therRjnbgrivestt ed and t hus
maki ng the conposition thermally insulative wherein the curing
tenperature is higher than its nelting point. Thus, the epoxy resin
systemincluding the diluents, thixotropic or viscosity agents and
curing or hHEG3¢nT mesel@abemssmay deasl toandnataguant ancbesrialsrizckags i n t he
formul ati on of a desired adhesive conposition. [6] Yet another
aspect of t Helaoumgisidndoraclks afterpherefides frocess)iahdiphay oo aridah gnagganios
for surface to surface adhesion. In U S. Patent No. 6,645,630

15( Mat sushi tesuBliepathkage fhifre e pidnye) @fions GRENRSs havebebsolads éslimrove
based on a phosphorus conmpound wherein it is suggested that one or

nore of theyben tHRWonBuldtiéy Bethe@idnesive lcoRpodiieA to kehiagksl Bettéradhsion
conposition, i.e. epoxysilane, mercaptosilane and am nosil ane

coupl i Ng 084 SlocHe8) AiARRIAaI JdrbBENRYORONEH as REURKER of backlgent num

hydr oxi de and not silver. [ 7] u. Publ i shed Application No.

20051009004 s%%m {%If]% esin of the
t et r amet hyl %tlrésp er@@r@gttgype %réﬁ%l? gég[&(\)n!sa@géﬁgér ein a silane coupling

agent i§osuggested to be added to the conposition so as to inprove
t he nol di ng and adhesion properties. Wiile many types of am nosil anes

have SU DS URE 10] 00 .o _our present inventipn
endeavour (D08 coMBIEL SRR, eRiod SRR P T S ¥ B e
wherein the cured c osition exhjhits good.ther and el ectrj cal
Conducti vi ¢ §RATT0E e eI ctERaT: A 45 BorasRe UBBH henemnitoy. bakaly
surfaces or,c onents of the sem conductor packa wher eby
del ami nati ol t ggof& aﬁ%&@eéﬂ%(%im@@eéﬁﬁnit § ranea %fvﬁ%/eﬁ%%?gé’t%saﬁ that he
15packagi ng process. %9 The novel adhesive thernosetting epox?:/'J
resi n conpo8iseliresd o'l Npe $,4255 78 dtrdionpleStasiich Chemitahagdivesi on
strength, low elastic nodulus, long pot life, long storage life, good
anti - bl &ed Batenpbief 988884, (Samitogwdbaksditede it iz Boowe khatgbeudesitnpear
dispersion in organic resin compositions, Ag provides superior thermal and/or
electrical conductivity. At below 70%, however, the resultant composition has
poor thermal conductivity, thus lowering the heat discharged rate from a
semiconductor chip in operation, whereas at abhove 90% the resultant viscosity
20  of the composition becomes too high to be of practical use although in U.S.

Patent No. 4,595,604 (Rohm and Haas) as high as 95% content of Ag has been

reported for such conductive compositions.



[ 10] As a general enbodi ment, our heat and electrically conductive
adhesi ve conposition conprises of (A) a filler conprising
substantially of silver (Ag) aggregate, in an anount of 70 to 90% by
wei ght of the adhesive conposition; 25(B) an epoxy resin in liquid
form conprising at |east two epoxy groups; (C) a 5 curing or

har deni ng agent; and (D) a silane coupling agent conprising at |east

Si Pane. coup! 108 dguAeScinsrt §38 chlord iy BRRREHRY bty cfaliRySm 87 11

bi s-sul fur silane. A preferred enbodi ment of the silan | i n
ngent may. bet BB e PGPS REP IOl A Ao pemed US-8bosHb1
(Ra(R2)3_3-Si - (CH2) mi - (S).n- (CF12) n2- S1- (R) b(R4) 3-bFormul a 2
10wherei n:  REMINGRBakgIEe)ATPP R 'gPiRAYINGAt t\gi @ReXy areppsdndlg bon
atonms, wherein RL and R3 may or may not be the same; R2and R4 are.
each an al kymMolgclend intiquidiferm @t sepnp tamparatuse iswhiselesed. RPhiaegoRAresly
or may not be the sane; 15- and b are integers of 1 to 3; nis an

i nteger df Zhawingipredarablyrdlepoxy greups, dodathergeitsa ofactive dlilBeniow2juriag
speci fic enbodi mrent of the silane coupling agent is bis-

20[ t ri et hoxyaadny| peaegightdts aveidlanygdenalichwlroxyRreupd Béhadrieg botdacted
et hoxy; R3 and R4 are interchangeably an ethoxy and propyl; a and b

are each = 3andithasmalinthet dotpdsitRnchsireallydnéidstive wherein the curing
(C2HSO) 3Si C3H6S4C3H6SI (0C2H5) 3 as its nolecular 6 - 8% by wei ght of

the total welegipepatfe isBigRP®N REMRingPbIKtOThRBEMR!dpoxy AR distem [ 13]
In a second aspect of our conposition, the filler aggregate size is

preferably iiRcadm8Ree diberi®, thRkoRBpiRBr vRREsiPRje ]
pm The sil ver cggtent rr%y ‘be nmaintained at a rnggngig@ggmbde?ﬁgerﬁ%lég/ -

90% of Lﬁefﬁé”{% Iaxlgésﬁgo }rﬁ[?lﬁﬂt :cfﬂﬁéigén%ttibﬁ’s irﬁh@{fﬁ{)nﬁgﬁtﬁgx céfgh rrggsit%td. | east

90% or ht o er content, I nati on of

silver with jlver or other nmetals is all owable. The
filler aggr e%eg‘\)leg%ﬁoﬁeﬂroabl y in the formof flakes

[008] Yet another aspect of the composition is to provide for suitable coupling
agents for surface to surface adhesion. In U.S. Patent No. 6,645,630

15 (Matsushita Electric) the epoxy resin composition disclosed is based on a
phosphorus compound wherein it is suggested that one or more of the following
3 types of coupling agent is added to the composition, i.e. epoxysilane,
mercaptosilane and aminosilane coupling agents. The inorganic filler proposed,
however, is aluminum hydroxide and not silver.

20
[007] In U.S. Published Application No. 2005/0090044 (Sumitomo Bakelite), an
epoxy resin of the tetramethylbisphenol F type is disclosed wherein a silane
coupling agent is suggested to be added o the composition so as to improve

the molding and adhesion properties. While many types of aminosilanes have



10whi ch may be used together with spherical formof silver fillers.
[14] In a third aspect of the conposition, the epoxy resin may
conprises of at |east two epoxy groups selected from epoxidi zed

bi s- phenol A, bis-phenol F, biphenol or derivatives thereof.
Preferably, the epoxy resin conprises 34epoxy 15groups further
including tri-hydroxyl -phenyl - net hane or am no-phenol . Yet anot her
preferred enbodi nent of the epoxy resin conprises nmulti-epoxy groups
further including selections from epoxidi sed phenol novol ak, and/or
cresol novol ak. 20[015] In a fourth aspect of our conposition, the
curing or hardening agent is a conmpound with at |east two phenolic
groups and is preferably provided in an anount of between 1 to 20% by
wei ght of the epoxy resin, nore preferably 3 - 15% by wei ght of the
epoxy resin. A preferred enbodi ment of the curing or 7 hardening
compound i s a bi phenol derivative and which may have a general
formul a of wherein: Rl, R2, R3, R4 are either Hor CH3, and may
or may not be the same. 10[016] The bi phenol derivative has a nelting
poi nt hi gher than 200C, nore preferably higher than 260C, and

di spersabl e as powder particles in the conductive adhesive
conposition. [017] In a fifth aspect of our invention, our
conposition further includes 15constituent (E) a catal yst including
an i m dazol e conmpound having nelting point above 180C and provided in

oref er abl y_ SHBABYSP PRGHERIEE on eibcred From o en S
2- phenyl - 4, 5- di hydr oxynet hyl i m dazol e; 2-phenyl - 4- net hyl i m dazol e;
10 [008] In our present invention, we endeavour to provide an epoxy resin
composition for die attaching wherein the cured composition exhibits good
thermal and electrical conductivity while at the same time provides good
adhesion to lead surfaces or components of the semiconductor package,
whereby delamination and cracks are avoided during reflow temperatures in the

15 packaging process.

[009] The novel adhesive thermosetting epoxy resin composition would have
desired properties such as high adhesion strength, low elastic modulus, long
pot life, long storage life, good anti-bleed out performance, and good solder

20  cracking resistance.

[010] As a general embodiment, our heat and electrically conductive adhesive
composition comprises of (A) a filler comprising substantially of silver (Aqg)
aggregate, in an amount of 70 to 90% by weight of the adhesive composition;

25  (B) an epoxy resin in liquid form comprising at least two epoxy groups; (C) a



20- 2- phenyl - 4- mehy1- 5- hydr oxynet hyl i m dazol e;

2,4-diamne-6[2' -ethyl-4"-methylimdazole-(1")ethyl-s-triazine. [018]
The conposition according to our present invention, apart fromthe
five constituents described above, if necessary, may further include
| ow stress 8 additives, defoam ng agents, di luents and | eveling
agents which are suitable for use in the packagi ng of sem conduct or

devi ces, including.dispensing.a e formof said conposition for

i e attachi ni BPGTSELEThG g et A SRR DR B8 P at st a
better understanding of the invention may be obtained fromreferring
to the drawi WﬁﬁaWi@g@api?eQFSHPMi ch acconpani es this specification,
and the detail ed description of specific enbodinents that foll ows, as
non-limting and 1O0exenplary illustration of specific aspects or
preferred enbodi nents, in which: [20] Figure 1 shows the

Di f f er ent i al[0$thriniong asakelrdfoet comepsiyn,dbe siarsf capding lageof caropriseand
(D), product code no. KBE-846 (by Shin-Etsu Chemcal Co., Ltd) ; and
15 [21] i guuifeazilsiewseferabhD3G-sulfwrsilafe.t Aersfamed eorpaliment<BERSdiane
m xed with silver in the same proportion by weight. 20 DETAI LED
DESCRI PTI ON ddtpSHiti-6 EntCniVBOGE MNP reiré@dntddn &y Fenaurl 2 petbadi ment  of
the conposition of our invention conprises the follow ng 4
constituents (designated Ato D) with an optional 5th catal yst
conpound (designated E): 9 (A a filler conprising substantially of

adhesi ve. corsodirare O (G At SRy ORI SR R i o1 cont? i

at | east two epoxy groups; (C a curing or hardening agent; and
5(D)a silane coupling agent conprising at |least a prinmary nercapto
group, and optionally, (E)an im dazole catalyst. [23] Silver (A is

used as #n iWeglhi c filler to achi eve good el ectrical

- R" and R® are each an alkoxy! group with 1 to 10 carbon atoms,
wherein R1 and R; may or may not be the same;
- R2and R* are each an alkyl group with 1 to 10 carbon atoms, wherein
Rz and R4 may or may not be the same;
15 - and b are integers of 1 {0 3;
- nis aninteger of 2 to 4; and

- my and myare integers of 1 fo 5.

[012] A specific embodiment of the silane coupling agent is bis-

20  [triethoxysilylpropylitetra sulfide, wherein R and R? are both ethoxy; R3 and R4
are interchangeably an ethoxy and propyl; a and b are each = 3; n = 4; such
that the compound has (CzHs0)3SiC3HsS4C3HsSi(OC2Hs)s as its molecular

formula. Preferably, the amount of silane coupling agent is in the range of 0.1%



10conductivity and thermal conductivity. Though a combi nati on of
silver with an alloy of silver or other netals is allowable, it is
preferred that the ratio of silver be maintained at | east 90% or nore
by weight of the filler content. In addition, ionic inpurities such
as sodium chloride, and potassiumion ghoul d be kept low for its
application in sem conductor field. 15 “[24] It is preferred that
average fil Ig 9% ?% Om and p(%b exceed 50m  Though fl ake
type is pref 7 B bet hedpiat WSS ¢f () EPOXLIRS Hd €hseelin
together with flake filler, which are easily avail able for

seni conduct 6PMREPNG-cati on. Bel ow 70% of silver in wei ght gives |ess
than desired el ectrical conductivity 20whil e above 90% of silver in
weight will lead to high viscosity of the conposition that nakes

di spensability poor. [25] The next 2 constituents of the

conposi ti on[013] eln ®&pecondraspent ¢Bur xnchpasition, the fiber dgurdgatesipedgent (O
is a conpound with at |east 2 phenolic groups 10 (CH groups) (O
used as har gesferabbrie avangeesap itdB0 untEoxynost preferablyuiseldwdieurmo Thies
good adhesion property, while the phenolic conpound is selected as
har dener assiiersbawst iag Headhingditéd W64 RIngalF BERld«7 PY 0Bt Wi BTIer
all cure systens with epoxy resin. As for the case of silver, the

ionic inmpurikégsTRE smwano'ilrs%f@né@)to BBEGt 128t 90Y dtdnée dwéligm
conmpound (C) with at |east 2 phenolic groups (CH group) shoul d aI so

be kept | owg l[e[rQ:%ﬁ]en@pcﬁES %{ ?%b b r@tlofv ALV it L Al % %glcﬁ i didfher.

i ncludes, but not ITimte | om ng: 10 - conposition

with 2 epox I
bi phenol or h rllg\lljsg@ o\y%bt%]er eo1>‘ﬂ|Egll 55&68%%55?%&&]%@32?'lt@f)bﬁﬁ]vné}tﬂﬁﬁﬁs epoxy
groups, g enol ; and
[29] - (lzgrrp‘(')vgl .“Sgygégﬁg%ﬁgﬁ%%%é@%@%@?ﬂ%%‘ggwéagﬁ&‘?%l zed phenol
novol ak and cresol novol ak, and etc. 20[030] It is preferred that the
epoxy resin be in liquid form si nce an adhesi ve conposition should be
inliquidtp.b rog erature, A reactive diluent
al so be add&i"’ o'“t"’h 'gcﬁ?@??‘\}g n‘%‘?P?'i'% the eRexy weln pay camprises = of at
wor kabi lity, Exanples of such reactl ve diluents include cresol
gl yci dyl et h@aSt @’Cgepqutﬂit)wsp%ﬂﬁﬁd W?W'@F%P‘S Aeapbir igPHRN It s
inthis case are |ow nolecular 11 weight resins with reactive
functi onal Birbape!l aiserivalivestiberesf. vereferably, the apoxEresin gomperes gepoxy
non-reactive.

15  groups further including tri-hydroxyl-phenyi-methane or amino-phenol. Yet

another preferred embodiment of the epoxy resin comprises multi-epoxy groups
further including selections from epoxidised phenol novolak, and/or cresol

novolak.

20 [015] In a fourth aspect of our composition, the curing or hardening agent is a
compound with at least two phenolic groups and is preferably provided in an
amount of between 1 to 20% by weight of the epoxy resin, more preferably 3 —

15% by weight of the epoxy resin. A preferred embodiment of the curing or



[31] In respect of constituent (C) which is used as a curing or

har deni ng agent, 5 we propose therefore a conpound having at |east 2
phenolic groups (OH groups) and which should have nelting point of

hi gher than 200C and therefore does not nelt in the presence of
comon epoxy resin at roomtenperature. 3t is preferred that conpound
(© have a nelting point of higher than 260C, so that it does not
melt during solder reflow have

Unexpect ed chdl Haampr?om%a@ﬁesya%pﬁ@ﬁ%*"i%wsﬁﬁw%% SRa B Sigepera

di spersed as F V\g particles in conductive adhesive conposition to
gi ve good st 9F Y roperti es. As the reaction with epoxy happens only
at surface of conpound particles, it reduces the cross-link 15
density and serves as stress apso bent at high te ature to rel ease

the sem conductor packages s ' i g perature refl ow and
prevent package del am nati on _OTH Fith at least 2
phenol i c groups (OH groups) couI d\ th /a good alternative
to liquid type elastonmer that 20i g commnly Used\as. | ow stress
additive. Liquid type elastome2normally gives poo™solubility in
epoxy resin (B), which affects curability and cause poor adhesi on and
resin bl eed out ivgisateim: 12 [033] Exanpl es of conpound (C) with at

| east 2 phenolic groups (OH groups) include, at |east, the biphenol
derivatives JRMIRGaRe R e ERASUH Br @I—Qeéﬁw\fma? cknay FOUBRAN shrikd [ 34]
where Rl, R2, R3, R4 are either H or he content of bi phenol
derivatives, Formula (1), is within 1%to 20% by wei ght of the epoxy
resin (B) in adhesi ve conposition, though 3% to 15% by wei ght IS

{)Lgf gtra;:al(r%edﬁp‘\?flﬁgu#i%%&%# Pég\}(lﬁm%%soj m%!}@ﬂ%%%tlh%?%q W I I’ eagI ;/g

too high the v S|t hesi ve co sition.to be utiljzed.
135115 gendvierain ahiedndnertfio B Hisp AR R rL O Rethalloithin ey
remai ns as 25solid particles in adhesive conposition during and after
cross- | i nki MENEHEEsRANaSIVE QOMRASHIONeper at ure. The solid particles in
the cured adhesi ve conposition matrix serves as stress absorber,

whi ch gives | ow stress property at elevated tenperature and offers
good sol der crack resistance. 30[036] At roomtenperature, the solid
form hi gh ndP{TIndn pdifthtaspacdeimay inventier,sour composition further includes

15  constituent (E) a catalyst including an imidazole compound having melting point
above 180°C and provided in the range of 0.1% - 10% by weight of (B) epoxy
resin, and which is preferably any one or a combination selected from:

- 2-phenyl-4,5-dihydroxymethylimidazole;

2-phenyl-4-methylimidazole;

20 - 2-phenyl-4-mehyl-5-hydroxymethylimidazole;

2 4-diamine-6[2"-ethyl-4’-methylimidazole-(1’)ethyl-s-triazine.

[018] The composition according to our present invention, apart from the five

constituents described above, if necessary, may further include low stress



reactive conpared to low nelting point hardener, and offers | onger
pot life. 13 Simlar result is found on storage |ife of the adhesive
conposition that is stored at sub-zero tenperature. The high nelting
poi nt hardener in the formof solid particles serves as spacer that
hel ps to maintain both the thickness of jadhesive conposition and the
| evel ness of bonding item 5 [37] In réspect of constituent (D) it
is used to inprove hesi on of, adhesive osition to. adherents.
Compound. ( DFOREESS, BRERAP S0gMSo PN B S CORE G A 3o C3)1a D e
10(R1 )a(R2) 3_a-81-(CF12,)rrr§rS) n- (CF12) n2- SKRB%{Q_S R4)3-b Formula 2

wher ei n 15RYSE gBtheackaging of sepicRneincter deyviags, nglustig disBersingAdaster1
and R3 may/ may not be the sanme; R2, R4: Al kyl group with 1 to 10

car bon at omormipfesaid Fompesitigrufonghe atachingk Preeesses. same; a, b :Integers
of 1 to 3; 20n:Integers of 2 to 4, and m, rn2: Integers of 1 to 5.
[38] As generally known in the art, silane coupling agents with am no
functional group or silane coupling agent with nercapto functi onal
group caf belZbEOseACCOMPARYING &IRABAINAS Bot h sil ane coupling agents
with am no functional 14 group and nercapto functional group,
however, show slight adhesion inprovenent only when relatively high
anount is applied and this high anmount will normally give the adverse

effect on pi1d]i Aseter LhdS@RHRGAT Vs MOARdMaRbelcbRahé & BT REdHifg td
[39] Since conpound (D) does not give significant reaction with epoxy

groups, COMBRUAGEHMstIRtRNSEON vhisH Q8tRnd b OhALRRiREfoS idndahe @t T OOM

tenperature, it can, therefore, be | oaded at high ambunt into the

adhesi ve CORBASLE 48ty oHioyg?ééiﬁ!@%@bﬁé‘i%nitmai%ﬁﬁ%@?a@ﬂor‘?‘-ﬂ#ﬂﬁfggés?rd and

yet maintaining a stable storage properties. Mreover, besi

of fering,b e%&%p%ﬂ}]ﬁﬁétpﬂioﬂed’ffsgégiﬁgggpé&?gr BlletF&Fed embodiments, in which:

[020] Figure 1 shows the Differential Scanning Calorimetry (DSC) curve of
example of compound (D), product code no. KBE-846 (by Shin-Etsu Chemical
Co., Lid) ; and

15
[021] Figure 2 shows the DSC curve of the same compound KBE-846 mixed

with silver in the same proportion by weight.

20 DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

[022] The general embodiment of the composition of our invention comprises
the following 4 constituents {designated A to D) with an optional 51" catalyst

compound {designated E):



silane coupling agent, it helps to prevent significant drop in
adhesion strength after noisture treatnent that contributes to high
reliability performance. [40] As the structure of (S), in conpound
(D) forns chem cal reaction with the 15surface of netal |ead-frane,
as well as the surface of silver filler,qit therefore inproves not
only the adhesion strength to | ead-frame but al so the cohesive

strength of red hesi ve. co Sit chi eved by inprovi
the cheni cal Mondt i rﬁ@fﬂ»@é@wgrs?ﬁ\?tam all pbSugr 3 FEagiesatsotuat Fmatghie
1 shows the Differential nning Calorinmetry (DSC) curve of an
exanpl e of cOPoRi b(myelguf a%tt*?*ﬁeagrb?srw ‘Forﬁﬁ’%ﬁ:& Code no. KBE- 846
(Shi n-Et su Chem cal Co., Ltd, where both Rl and R2 indicated in
Forrml a 2 ar®) et RIGROXYGESIN 40 kawd Zaren eomprising at lgAst WWEtIPOH JROUBS: ar e
3). [428 Figure 2 shows the DSC curve of the sanme conpound (D)
in the form@f) Préoeltify @hwedatong a@mtsami t hat is mixed with same % by
wei ght of silver. In the DSC test, the sanple anmount is about 30ng
and t he téest{(Djond siae i:cwpﬂjﬁg‘]ag'emt ftomprisingnatt leepiea arinmaey  Mdgreaptesgioup,
show t hat conpound (D) reacts with silver, 5and through this
reaction, thmdedptoatly,of this invention could be realized. [43] For
above effects, nindicated in Fornula 2 is to be limted between 2
and 4, with @)= 4nimidueietdtalst.| n case that where n is less than 2
or nore than 4, the effect on adhesion inprovenent is not expected.
Simlar to standard silane 10coupling agents, there could be 1 to 3
al koxyl groups bonded to each of both the end Si atoms. The al koxyl

group i s prepesr ety PAB‘?SU% 8 ¥n nﬁfr gﬁr‘:}ffuﬁérctg AR g%elé‘i’eétl‘?c nsure

good react|V|ty Al nor e rbon at/ons coul d not be

used due : n&ﬁﬁﬁcﬁ@g%'d\fh%%}allébh yﬂf gl gﬂ%ﬁ}&%%d af QI\!gmvah an

preferre se an groups

Punber 2:? o B9 o 3R R Bt g iy Bt 1 Rlonde R she -

D 2 o
896 - wei ghtoH TSI GH: Abear 5@%&{@? CY Jesig 2o e Rkt 0 BeTgBunc
of  conpound 05 1HBUASRGUCG =300 AR SN BeIFEhEhOTGHHBRA KGR oW

whi | e above 8% in wei ht,of conmpound D causes poor reactivity and
voi ds. For nd®f harplicaser i semigerducéordleddbhol forned through hydrol ysis
of al koxyl silane groups. 16 [45] The fifth constituent, i.e.

i mi dazollé conmpound (E) is utilized as catalyst to the reaction and
curing process between the epoxy resin (B) and conpound with at | east
2 phenolic J0MAipdt i¢ Prefgrred et ayQageThier sine dhadwllev d dpmoamdngtExcead
S5preferred to have nelting point of higher than 180C to give | ong and
st abl e st or &fen.iTheugh flake haeahe praferredgpderitalahapéd filleradoudtelse alsotusedt
limted to, conpositions with i mdazole group e.g.

2- phenyl - 4, Goghthgow i yigkd fidr whidhzeé easiB- faavle - sehiayhdwdtstegmplieation.
2- phenyl - 4- et hyl - 5- hydr oxynet hyl i m dazol e, 2, 4-
Below 70% of silver in weight gives less than desired electrical conductivity
20  while above 90% of silver in weight will lead to high viscosity of the composition

that makes dispensability poor.

[025] The next 2 constituents of the composition, i.e. epoxy resin (B) and a

curing or hardening agent (C) is a compound with at least 2 phenolic groups



di am ne-6[ 2' -et hyl-4'-net hyli m dazol y1-(1')]ethyl-s-triazine. The
content of 10 im dazole conmpound (E) can be in the range of 0.1%to
10% by wei ght based on total weight of epoxy resin (B) in adhesive
conposition. Below 0.1% in weight of conmpound (E) will take long tine
for conplete curing, while above 10%: ight will lead to too high
the viscosity of the adhesive conposition to be utilized. 15 [46]
Apart from five stituents, descri bed aboye, the adhesive
Comosi t1 on (O SrRYES) ) e B et N R dlexa gesbRt cBDal o mepg due
such as | ow stress additives, defoanm n a%ents, di luents and | eveling
agents. 20 E%ﬁ??o%édlﬁﬁ'%’ég@%w’ﬁ?@%grﬁ’& PALC RIARRYNGLS e6lestsi a5 on of
this invention conprises, but not I[imted to, mxing of al
const i t uent aetengtiagdishews dp bestansrvategabsmsptiqroplopaey apipnerdadisg of
the m xture using a three rolls mxer or simlar equipnents. Vacuum
def oam ng naysieme with efoy resindAs tortkeroase ofailvenithd osid impunteadhexixye
conposition. 17 [48] The adhesive conposition of this invention is
appl i cabb e tesiptt)aagi thg codny entameaingsempondy(C) ahithddlease pheselib| v
process. This typically includes, dispensing of adhesive conposition
fol | owed by groupst(Oibgroliphdasd alsbdedept pvat ed positions of |ead-frame
or substrate using a die-bonder nmachine. 5 The adhesive conposition
is then cured with heat. Wre-bonding process is perforned to form
i nterconnects and the chips are then encapsul ated usi ng epoxy nol di ng
conpound t hL@@?hEbé@%&W(B’Mﬂ'dﬂ@a%i%%%’sﬁ)r ud® ifefRMRLER Adeipimebies ik tO
4] [49] Flake Silver with average size of 1 to 30pm (hereunder
"silver") aﬁm%h%ﬁﬁr 15(A); diglycidylether of bisphenol A (epoxy
equi valent = 180,” liquid at roomtenperature, hereunder "bis-A
epoxy") ygsynthesi zed by reaction between bisphenol A and
epi chl or ohydrin, as epoxy resin (B); cresol glycidylether (epoxy
equi val ent & 5, hereunder .' "), biphenol (OH equival ent = 180,
ol ti g poi REL 5 60EPSHPE s Sror ot S s RGP AP A e st
2 phenolic 20gr . (OH groups),. that indicated as Fornmula 1
KBE—846 (ShP 8Eﬁ§ﬁ%E%SHP%ﬂFﬂ%%;F&{%@r de, bis(triethoxysilylpropyl)
tetrasul fide, hereunder "coupling agent A") as conmpound (D) that
i ndi cated as Fornula 2; 2P4MHZ ( Shi koku Chem cal s Corporati on Made,
her eunder "2P4MHZ", nelting point=192C), as |m dazol e conpound (E)
and Di cyand[O2§i deca@pﬁélﬂ%ﬁéﬁﬂﬁ PR IIBURS $pb dFddroxy-phanvEmedpneand
table 1 where the adhesive conpositions were prepared using kneadi ng
machi nelt hagmisehenod afd 3 rol lers. After the kneadi ng process, the
adhesi ve conpositions were de-foanmed in vacuum chanber at 2mHg for
30m nutes. Properties of the adhesive conpositions were then

[029] - composition with multi-epoxy groups, e.9. epoxidized phenol novolak

and cresol novolak, and efc.

20 [030] Iltis preferred that the epoxy resin be in liquid form since an adhesive
composition should be in liquid to be worked at room temperature. A reactive
diluent may also be added to the adhesive composition to achieve better
workability. Examples of such reactive diluents include cresol glycidylether, e.g.

t-butylphenol glycidylether. Preferred diluents in this case are low molecular



5 evaluated with test nethods as descri be bel ow [ Conparative exanple
1 to 4] 10 [050] In conparative exanple 2, KBM 573 (Shin-Etsu

Chem cal Co., Ltd Made, N- phenyl-y-am nopropyltrinetoxysil ane,

her eunder "coupling agent B") as coupling agent with am no group was

used and in conparative exanple 3, KBM §Q3P (Shin-Etsu Chem cal Co.,

Ltd Made, 3-nerkaptopropyl-tri-nethoxy silane, hereunder "coupling

agent C') as coupling agent wt rkapto grqup 15 was used. In
conparative ‘@%'gﬁgﬁeé'”% Vﬂ e’ﬁBFt"f‘Fo{;{%Ei‘?{‘a?Eiﬁf“@gMqlﬁz?%%'theé"i‘t?ﬁ?"}?éﬂ kg ng
point = 80Cto QOF,. h&reander "ghenol B") was used. Test nethod

20[ 051] Vi scHN&r§ly e @Bdine)-TRaed&r ement i s done using Brookfi el d

vi sconeter (5corn, at 25C, at 5.0 rpm for adhesive conpositions as
indicated in table 1, at both 0 hour and 48 hours of staging at room
tenperature. Adhesive conposition with viscosity that falls in the
range of 60d03MPdn seapgct stifmgnt(C) vifuchaisdussitloassa eudngyer hardenisg ageoly
between 0 hour to 48 hours of |ess than 20% i s consi dered pass. The
unit of i sowsptopaoss tiiPafcse a qobRjoudddayingaat |sast @mtenolic gstupafOHs f or
di e shear test are prepared by mounting 56x6 nmsilicon chips on i)
Cu | ead- f r angroupd) ad wisiell showlthave el poiat dMaghdrithal\Rot*E @hdit i ng

| ead-frame wth Au flash, using adhesive conpositions as indicated in

Table 1, andpgiisid ddles hopeRln Eﬂépre@éﬁcébﬁﬁmrﬁbﬁ%ngcyhréﬁﬁ§%6ﬁfﬁnt i's
performed at 260C using auto die shear tester. Value of nore than

30N chi t ' ' i j : h
s 10N chi p. o PSR RnR T FRE PorPOfd [ Lndle SRS hERE "
4 x 50 x 0. d i dhesij iti

ks oo s IS R R B ER RTRR AR u B v
40 mm of the sanple length is neasyred 15and the volune resistivity

i s then iCal dlAvVaiedto W’%ﬁﬁteﬁéé‘iagg?\‘ﬁ PYPP¢HYue of bel ow 1x10-3 0.cmis

consi dered pass. The unit of volume resistivity is 0.cm [54]
St orage nodul us: test sanples with dinmension of 4x50x0.1mm are
prepared, using adhesive conpositions as indicated table 1, by curing

at 20175C/ 3dA%4l. Crmepayiner(&gés prefripbly dispersetsag pewael pajticlys dnganductive
Mechani cal Anal yzer, DVA by heating from 25C to 300C at the rate of
10C/ mi n. St ;dhgeivawduipgsition o givetgpEtdrafe ipedrattias Rs\MPe réactioorveitder ed
pass. The unit of storage nodulus is MPa. 20
epoxy happens only at surface of compound particles, it reduces the cross-link
15 density and serves as stress absorbent at high temperature to release the
stress in the cured adhesive composition. This helps to reduce the
semiconductor packages stress during high temperature reflow and prevent
package delamination and crack. Compound (C) with at least 2 phenolic groups
(OH groups) could, therefore, be a good alternative to liquid type elastomer that
20 is commonly used as low stress additive. Liquid type elastomer normally gives

poor solubility in epoxy resin (B), which affects curability and cause poor

adhesion and resin bleed out issues.



[55] Void: test units for void test are prepared by nmounting 6 x 6 mm

gl ass chips on Cu | ead-franme using adhesive conpositions as indicated

in Table 1, and cured at 175C130 m n. Observation for void is then

done under m croscope. Adhesive conposition that shows void area of

| ess than 10% is consi dered pass. 5The it of void area is

represented as % of total area. [56] Re iability | C package used

for reliabil] est js huilt b on on

| ead- frame W33 éﬂﬁ@@?ﬁgcemﬁéﬁ (TR Bepres EBmAic oI grounm ch

is cured at 175C/ 30 mn, ing it wth epox nDIdlng conmpound
10 ( EME- GroHglucsyqf P@ﬁbt%‘k*eh‘?’%fé dEf'aat)vesmcaia@@aé@émwam elRen be

treated under condition of (noisture sensitivity level, ML 2A

accel erate) 60C/ 60RH% for 120 hours and subjected to re-fl ow process

of 260C, 10sec, 3 times. SAT (1-SAM is used to check del am nation of

t he packages. Del am natiop area of less than qg%)is consi dered pass.

The unit of delam nation area : { 154s % of total area.

[ 57] Package : QFP (14x2gﬁ§.0' ) g&-Pd pl ati ng

| ead-frame with Au flashl(: dadl frame 20Chi p size
: 6x6mm Cure condition :175C, )| e

above megti oned tests are_shéwn in Table 1 Below 21 Adhesive
Composi tions and Phy3|caIRBropert|es and RelléBmllty Results Exanple
Conpar ati ve Exanpl e 2341

Formula 1
15
[034] where R4, Rz, R3 R4 are either H or CHs. The content of biphenol
derivatives, Formula (1), is within 1% to 20% by weight of the epoxy resin (B) in
adhesive composition, though 3% to 15% by weight is preferred. At below 1%
20 by weight of biphenol content does not give the desired low modulus effect
while above 20% in weight will lead to too high the viscosity of the adhesive

composition to be utilized.

[035] In general, the high melting point hardener ensures that it remains as

25  solid particles in adhesive composition during and after cross-linking process at
elevated temperature. The solid particles in the cured adhesive composition
matrix serves as stress absorber, which gives low stress property at elevated

temperature and offers good solder crack resistance.

30 [036] Atroom temperature, the solid form high melting point hardener is less

reactive compared to low melting point hardener, and offers longer pot life.



2 34 Silver 75 75 75 75 75 75 75 75 Bis-A epoxy 16.13 12.73 14.89
14.11 15.08 14.89 14.89 14.89 CGE 6.91
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15

20

25
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Simitar result is found on storage life of the adhesive composition that is stored
at sub-zero temperature. The high melting point hardener in the form of solid
particles serves as spacer that helps to maintain both the thickness of adhesive

composition and the levelness of bonding item.

[037] In respect of constituent (D) it is used fo improve adhesion of adhesive
composition to adherents. Compound (D) has a general compound represented

by Formula (2) below:

(RMa(R*)3.2-Si-(CH2)m1~(S)n-(CH2)ma-Si-(R*)p(R*)s.0
Formula 2

wherein

R', R®: Alkoxyl group with 1 to 10 carbon atoms, where R; and R3 may/may
not be the same;

R?, R*: Alkyl group with 1 to 10 carbon atoms, where R, and R4 may/may not

be the same;
a,b: Integers of 110 3;
n. Integers of 2 to 4; and

m¢, mz: Integers of 1 to 5.

[038] As generally known in the art, silane coupling agents with amino
functional group or silane coupling agent with mercapto functional group can be

used to enhance adhesion. Both silane coupling agents with amino functional



5.45 6.38 6.05 6.46 6.38 6.38 6.38 Phenol A 0.32 2.42 2.13 2.02 2.16
2.13 2.13 Phenol B

10

15

20
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group and mercapto functional group, however, show slight adhesion
improvement only when relatively high amount is applied and this high amount
will normally give the adverse effect on pot life as it accelerates reaction at room

temperature.

[039] Since compound (D) does not give significant reaction with epoxy groups,
compounds with phenolic groups (OH groups) and silver at room temperature, it
can, therefore, be loaded at high amount into the adhesive composition to give
significant improvement on adhesion, and yet maintaining a stable storage
properties. Moreover, besides offering better adhesion performance than other
silane coupling agent, it helps to prevent significant drop in adhesion strength

after moisture treatment that contributes to high reliability performance.

[040] As the structure of (S)a in compound (D) forms chemical reaction with the
surface of metal lead-frame, as well as the surface of silver filler, it therefore
improves not only the adhesion strength to lead-frame but also the cohesive
strength of cured adhesive composition that is achieved by improving the

chemical bonding between silver filler and resins.

[041] Figure 1 shows the Differential Scanning Calorimetry (DSC) curve of an
example of compound (D), in the form of Product Code no. KBE-846 (Shin-Etsu
Chemical Co., Ltd, where both Ry and R; indicated in Formula 2 are ethoxy,

both a & b are 3, n is 4 and both my & my are 3).



2.13 2PAMHZ 1.15 0.91 1.06 1.01 1.08 1.06 1.06 1.06 D cyandi am de
0.23 0.18 0.21 0.2 022 0.21 0.21 0.21 Coupling agent A 0.35 0.32

10

15
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[042] Figure 2 shows the DSC curve of the same compound (D) in the form of
Product Code no. KBE-846 that is mixed with same % by weight of silver. In the
DSC test, the sample amount is about 30mg and the test condition is 10°C/min
from room temperature. The resulis show that compound (D) reacts with silver,

and through this reaction, the effects of this invention could be realized.

[043] For above effects, n indicated in Formula 2 is to be limited between 2

and 4, with n = 4 is preferred. In case that where n is less than 2 or more than 4,
the effect on adhesion improvement is not expected. Similar to standard silane
coupling agents, there could be 1 to 3 alkoxyl groups bonded to each of both

the end Si atoms. The alkoxyl group is preferred to be methoxy, ethoxy or
buthoxy group to ensure good reactivity. Alkoxyl with more than 11 carbon
atoms could not be used due to poor reactivity. Either methoxy or ethoxy is
highly preferred in this case and 2 or 3 of these alkoxy! groups is preferred to be
bonded to the Si atoms. my & m; are integer numbers from 1 to 5, where 3 is

preferred.

[044] The content of compound (D) represented by Formula 2 can be in the
range of 0.1% to 8% in weight based on total weight of epoxy resin (B) and
compound with at least 2 phenolic groups (OH groups) (C). Below 0.1% in
weight of compound (D) does not give significant improvement on adhesion,
while above 8% in weight of compound (D) causes poor reactivity and voids.
Formation of voids is due to alcohol formed through hydrolysis of alkoxyl silane

groups.



0.10 1.20
0. 32
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[045] The fifth constituent, i.e. imidazole compound (E) is utilized as catalyst to
the reaction and curing process between the epoxy resin (B) and compound
with at least 2 phenolic groups (OH groups) (C). The imidazole compound (E) is
preferred to have melting point of higher than 180°C to give long and stable
storage life of the adhesive composition. It includes, but not limited to,
compositions with imidazole group e.g. 2-phenyl-4,5-dihydroxymethylimidazole,
2-phenyl-4-methylimidazole, 2-phenyl-4-methyl-5-hydroxymethylimidazole, 2,4-
diamine-6[2’-ethyl-4'-methylimidazolyl-(1'}jethyl-s-triazine. The content of
imidazole compound (E) can be in the range of 0.1% to 10% by weight based
on total weight of epoxy resin (B} in adhesive composition. Below 0.1% in
weight of compound (E) will take long time for complete curing, while above
10% in weight will lead fo too high the viscosity of the adhesive composition to

be utilized.

[046] Apart from the five constituents described above, the adhesive
composition of this invention, if necessary, can contain additives such as low

stress additives, defoaming agents, diluents and leveling agents.

[047] The process of producing the adhesive composition of this invention
comprises, but not limited to, mixing of all constituents of adhesive composition
together followed by kneading of the mixture using a three rolls mixer or similar
equipments. Vacuum defoaming machine is then used to remove the bubbles in

the adhesive composition.



Viscosity Initial mPaws 6214 13753 11350 10190 11516 9693 9279 7871
After 48hr @ 25C
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[048] The adhesive composition of this invention is applicable to packaging
conventional semiconductor devices assembly process. This typically includes,
dispensing of adhesive composition followed by mounting of chips onto
designated positions of lead-frame or substrate using a die-bonder machine.
5 The adhesive composition is then cured with heat. Wire-bonding process is
performed to form interconnects and the chips are then encapsulated using

epoxy molding compound through transfer molding process.

10 EXAMPLES

[Examples 1 to 4]

[049] Flake silver with average size of 1 to 30um (hereunder “silver”) as silver

15 (A); diglycidylether of bisphenol A (epoxy equivalent = 180, liquid at room
temperature, hereunder "bis-A epoxy”), synthesized by reaction between bis-
phenol A and epichlorohydrin, as epoxy resin (B); cresol glycidylether (epoxy
equivalent = 185, hereunder “CGE"); biphenol (OH equivalent = 180, melting
point = 260°C, hereunder “phenol A") as compound with at least 2 phenolic

20  groups (OH groups) (C) that indicated as Formula 1; KBE-846 (Shin-Etsu
Chemical Co., Ltd Made, bis(triethoxysilylpropyl) tetrasulfide, hereunder
“‘coupling agent A”) as compound (D) that indicated as Formula 2; 2P4MHZ
(Shikoku Chemicals Corporation Made, hereunder “2P4MHZ", melting

point=192°C), as Imidazole compound (E); and Dicyandiamide as hardener; are



mPas 6131 13753 11350 10356 11599 9362 9859 8579 % change %-1.3 3.5
0 1.6 0.7 -3.46.39 De shear Strength A 260C After cure / Ag ring
N chi p
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compounded as indicated in table 1 where the adhesive compositions were
prepared using kneading machine that consists of 3 rollers. After the kneading
process, the adhesive compositions were de-foamed in vacuum chamber at
2mmHg for 30minutes. Properties of the adhesive compositions were then

5 evaluated with test methods as describe below.

[Comparative example 1 to 4]

10 [050] In comparative example 2, KBM-573 (Shin-Etsu Chemical Co., Ltd Made,
N-phenyl-y-aminopropylirimetoxysilane, hereunder “coupling agent B”) as
coupling agent with amino group was used and in comparative example 3,
KBM-803P (Shin-Etsu Chemical Co., Ltd Made, 3-merkaptopropyl-tri-methoxy
silane, hereunder “coupling agent C") as coupling agent with merkapto group

15 was used. In comparative example 4 phenol novolak (OH equivalent = 104,

melting point = 80°C to 90°C, hereunder “phenol B"} was used.

Test method

20 [051] Viscosity: viscosity measurement is done using Brookfield viscometer
(5°corn, at 25°C, at 5.0 rpm) for adhesive compositions as indicated in table 1,
at both 0 hour and 48 hours of staging at room temperature. Adhesive

composition with viscosity that falls in the range of 6000 mPa-s to 12000 mPa-s,



71 63 55 64 59 48 59 34 After cure / Ag spot N chip 57 82 49 58 26
After cure / Ni-Pd Au N chip 80

10 9 42

10

15

20

19
and shows change in viscosity between 0 hour to 48 hours of less than 20% is

considered pass. The unit of viscosity is mPa-s.

[062] Die shear strength: test units for die shear test are prepared by mounting
6x6 mm silicon chips on i) Cu lead-frame, ii) Cu lead-frame with Ag plating, iii)
Ni-Pd plating lead-frame with Au flash, using adhesive compositions as
indicated in Table 1, and cured at 175°C/30 min. Die shear strength
measurement is performed at 260°C using auto die shear tester. Value of more
than 30N/chip at 260°C is considered pass. The unit of die shear strength is

N/chip.

[053] Volume resistivity: test samples with dimension of 4 x 50 x 0.04 mm are
prepared, using adhesive compositions as indicated in table 1, by curing at
175°C/30 min. The resistance over 40 mm of the sample length is measured
and the volume resistivity is then calculated. Volume resistivity value of below

1x10°3 Q-cm is considered pass. The unit of volume resistivity is Q-cm.

[054] Storage modulus: test samples with dimension of 4x50x0.1mm are
prepared, using adhesive compositions as indicated table 1, by curing at
175°C/30min. The storage modulus is measured using Dynamic Mechanical
Analyzer, DMA by heating from 25°C to 300°C at the rate of 10°C/min. Storage
modulus value at 250°C of below 450 MPa is considered pass. The unit of

storage modulus is MPa.



82 67 75 29 23 24 61 Volune resis ivitv @m 5x10-4 8x10-4 4x10-4
6x10-4 2x104 3x10-4 3x104 3x104 Storage Mdulus MPa 480 310 350 410
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[065] Void: test units for void test are prepared by mounting 6 x 6 mm glass
chips on Cu lead-frame using adhesive compositions as indicated in Table 1,
and cured at 175°C/30 min. Observation for void is then done under microscopef.
Adhesive composition that shows void area of less than 10% is considered pass.

5  The unit of void area is represented as % of total area.

[056] Reliability: IC package used for reliability test is built by mounting silicon
chips onto lead-frame using adhesive compositions as indicated in Table 1,
which is cured at 175°C/30 min, and molding it with epoxy molding compound
10 (EME-G700H, Sumitomo Bakelite Ltd.). The packages will then be treated

under condition of (moisture sensitivity level, MSL 2A accelerate) 60°C/60RH%
for 120 hours and subjected to re-flow process of 260°C, 10sec, 3 times. SAT
(T-SAM) is used to check delamination of the packages. Delamination area of
less than 10% is considered pass. The unit of delamination area is represented

15 as % of total area.

[057] Package : QFP (14x20x2.0mm)
Lead-frame : 1.) Ni-Pd plating lead-frame with Au flash
2.) Ag ring plating lead-frame
20 Chip size : 6x6mm

Cure condition : 175°C, 30min in oven

[058] The results of the above-mentioned tests are shown in Table 1 below:

25 Table 1



350 390 460 530 Void % <10 <10 <10 <10 <10 <10 <10 <10 Reliability
(MSL 2A accel erate) Delam nation area on (Ni-Pd Au plating
| ead-frame) % <10 <10 <10 <10 >50
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Adhesive Compositions and Physical Properties and Reliability Results

Example Comparative Example
1 2 3 4 1 2 3 4
Silver 75 75 75 75 75 75 75 75
Bis-A epoxy 16.13 1273 | 14.89 | 14.11| 15.08 | 14.89 | 14.89 | 14.89
CGE 6.91 5.45 638 | 6.05 | 6.46 6.38 | 6.38 | B6.38
Pheno! A 0.32 2.42 213 [ 202 | 216 | 213 | 2.13
Phenol B 2.13
2P4MHZ 1.15 0.9 1.08 1.01 1.08 1.08 1.08 1.06
Dicyandiamide 0.23 0.18 0.21 g2 0.22 0.21 0.21 0.21
Coupling agent A 0.35 0.32 | 0.10 | 1.20 0.27
Coupling agent B 0.32
Coupling agent C 0.32
Viscosity Initial mPars 6214 13753 | 11350 | 10190| 11516 | 9693 | 9279 | 7871
After 48hr @ 25°C mPass 8131 13753 | 11350 {10356 | 11599 | 9362 | 9859 | 8579
% change % -1.3 3.5 0 1.6 0.7 -3.4 6.3 9
Die shear |After cure / Ag ring Nfchip 71 63 55 84 50 48 59 34
Strength After cure / Ag spot Nichip 57 82 49 58 26 10 9 42
@ 260°C  |After cure / Ni-Pd Au Nfchip 80 82 a7 75 29 23 24 61
\Molume resistivity Qeem | 5x107* | 8x10™ | ax10™ [ ex10* | 2x10™* | 3x10™ | 3x10™ | 3x10”
Storage Modulus MPa 480 310 350 410 350 380 460 530
Void % <10 <10 <10 <10 { <10 <10 <10 | <10
Reliability (MSL 2A accelerate)
Delamination area on % <10 <10 <i0 | <10 | =50 >50 >50 <10
(Ni-Pd Au plating lead-frame)
Reliability (MSL 2A accelerate)
Delamination area on % <10 <10 <10 | <10 | <10 | <10 | <10 | =50
{Ag ring plating lead-frame)
Overall performance OK OK OK OK NG NG NG NG

Comparing Examples 3 and 4 with Comparative Exampies 1, 2 and 3

[059] Compound (D) (hereunder Coupling agent A) gives significant adhesion
strength improvement to an adhesive composition, particularly on Ag and Ni-Pd
(Au) surfaces. In addition, it shows more superior performance in terms of
adhesion improvement than silane coupling agent B and C. This can be

10 explained by chemical reaction that is formed between (S), in compound (D) and



>50 >50 <10 Reliability (MSL 2A accel erate) Del am nation area on (Ag
ring plating |lead-frame) % <10 <10 <10 <10 <10 <10 <10 >50 Overall
performance OK OK OK OK NG NC NC

10
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metal lead-frame surface, as well as the silver particle surfaces, which help to

improve both adhesive and cohesive strength of the cured adhesive compositions.

Comparing Example 1, 2 to Comparative Example 4

[060] Bisphenol derivatives indicated as Formula (1) (hereunder Phenol A) is
effective in reducing the storage modulus of adhesive composition. In addition,
it gives higher adhesion strength on Ag ring plating lead-frame and therefore

better MSL performance when used together with compound (D) compared to

phenol novolak (hereunder Phenol B) with lower melting point.

Ak



NO Conparing Exanples 3 and 4 with Conparative Exanples 1, 2 and 3 5
[ 059] Compound (D) (hereunder Coupling agent A) gives significant
adhesi on strength i nprovenent to an adhesi ve conposition,
particularly on Ag and Ni-Pd (Au) surfaces. In addition, it shows
nore superior performance in terns of adhesion inprovenment than
silane coupling agent B and C. This can be 10 expl ai ned by chem cal
reaction that is fornmed between (S), P8 conpound (D) and 22 netal

| ead-frame surface, as well as the silver particle surfaces, which
hel p to i gprove bot h adhesi ve and cohesive strength of the cured
adhesi ve conpositions. Conparing Exanple 1, 2 to Conparative Exanple
4 S [060] Bi sphenol derivatives indicated as Forrmula (1) (hereunder
Phenol A) viscgfihective in reducing the storage nodul us of adhesive
conposi tion. In addition, it gives higher adhesion strength on Ag
ring plating | ead-frane and therefore better NSL performance when
used together with conpound (D) conpared to 10phenol novol ak

(her eupder Phenpol | o mel ti poi nf. *** 3 CLAI NS W
ol 353 A hekt arf ereily (8 PROHICE TR RttR s B e oS PRRITon
conpri sing: (Agofipfisihger conprising substantially of silver (Ag)

aggregate, in an anount 70 to 90 % by wei ght of the adhesive
conposi tion; (@) an? dfiekycarerising rsubﬁtﬂmilai ¥ &f nsiyendAos i aagregatpedstan

tWo €poxy groups;  amount 70 to 90 % by weight of the adhesive composition;
(B)  an epoxy resin in liquid form comprising at least two epoxy groups;
10 (C) a curing or hardening agent comprising at least two phenolic
groups; and
(D)  asilane coupling agent comprising sulfidosilane.

2. A composition according to claim 1 wherein the sulfidosilane is bis-
15 sulfur silane.
3. A composition according to claim 2 wherein the bis-sulfur silane

has a general formula of

20 (RNa(R*)3.a-Si-(CH)m1-(S)n-(CH ) ma-Si~(R¥)po(Rap Formula 2

wherein:

- R'and R® are each an alkoxyl group with 1 to 10 carbon atoms,
wherein R1 and R3 may or may not be the same;
25



10(C)a curing or hardening agent conprising at |east two phenolic
groups; and (D)a sil ane coupling agent conprising sulfidosilane. 2.
A conposition according to claiml1 wherein the sulfidosilane is bis-
15sul fur silane. 3. A conposition according to claim?2 wherein the
bi s-sul fur silane has a general formula of

20(Rl)a(R2)3-a-Si - (CH2) m (S) n- (CF12) m SKR3) b( R4) 3- bFormul a 2 wher ei n:

- Rl and R3 are each an al koxyl groupgth 1 to 10 carbon atons,
wherein RL and R3 may or may not be the sanme; 25 24 - R2 and

R4 are each an al ky'R@éﬁHﬂ?“"’aF&héeﬁ anlfk

2580 AP B0 YHeGRidh B%n?s“

Rit may or may not be t sane; - a and garelntegers of Ito 3;
is an integer wi‘ier@em%zand ammas'-orrmasan@t bepthersanieit egers of 1 to 5.

A conposition accordi in the silane coupling agen
A O AR ot 8

is bis-[triethoxysilVyTp

bot h et hoxy;

sulfide, wherein RL and R2 are
10R3 armdslaﬂamiregerﬁtmmh“aamfabl y an et hoxy and propyl;

and b are each = 3; -n such that _the _conpound has

(C2HS®) 3Si C3HESAC3 Y W‘ﬂ@j%'”é@%@ ®&ul ar formula. 15

10
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4. A composition according o claim 3 wherein the silane coupling
agent is bis-[triethoxysilylpropyl]tetra sulfide, wherein

- R’ and R? are both ethoxy;

- R3 and R4 are interchangeably an ethoxy and propyi;

- aand b are each = 3;

- n=4;
such that the compound has (CHs0)3SiCaHsS4C3HsSI(OCoHs5);  as its

molecular formula.

S. A composition according to claim 1 wherein the amount of silane
coupling agent is in the range of 0.1% - 8% by weight of the total weight of

(B) epoxy resin and (C) phenolic compound.

6. A composition according to claim 1 wherein the filler aggregate size

is in a range of up to 50 um.

7. A composition according to claim 6 wherein the filler aggregate size

is below 10 um.
8. A composition according to claim 1 wherein the silver content is
maintained at a range of between 70% - 90% of the filler used and

wherein said silver is in the form of an alloy of silver or other metals.

9. A composition according to claim 6 wherein the filler aggregate is

d

4.
t
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5. A conposition according to claim1l wherein the anount of silane
coupling agent is in the range of 0.1% - 8% by wei ght of the total

wei ght of (B) epoxy resin and (C) phenolic conpound. 206. A
conposition according to claim1l wherein the filler aggregate size is
in arange of up to 50 pm 7. A conposition according to claim®6
wherein the filler aggregate size is below 10 pm 25 8. A
conposition according to claim1l wherggn the silver content is

mai nt ai ned at a range of between 70% - 90% of the filler used and
wherei n sai d Sjd #efoins of flakdie formof an alloy of silver or other
metals. 25 in the formof flakes. 10. A conposition according to
claim9 wherein the flakes are used together wth spherical form of
fillers. 5 11,,A C i.n . ¢l ai ; r.ed he e
resin conprisi Fl% atﬂmﬁéé%t\%}' g%‘%‘%@%&r %u%%mge yﬁ%ﬁ%ﬁ&i‘%ﬁt&x%& 'tz?ée)%y
bi s- phenol A, tugethsErevitl sgheribalpfbemalf fibersderi vati ves thereof. 1012. A
conposjtion according to claim 1l wherein the epoxy resin conprises 3
epoxy groups further including tri-hydroxyl-phenyl-mnmethane or

am no- phenol . 11,  Al8omPo&iBsm Osddor@Ag 2R AAinnd thefbiftl Mel 2pMgT Riskh
the epoxy resin 15conprises nulti-epoxy groups further includin

sel ecti ons fr ofPEPENNG et apshHen 8POROIGIURR sclastRhbiromr epmidizes bisgihenol
14. A conposit hof:.c i | i Lel he curing or

har deni ng com%hﬁlaaﬁ%ﬂgeg\%ag%cﬁr??lg%h%ar}}yégttﬁ% “between 1 to 20% by
wei ght of the 20epoxy resin. 15. A conposition according to claim 14
wherein the cuging @r hardeni ng conpound is. provided in.,an anount .
betwelh 3 - 150Dy AePYRPOTHON meCBRINg 1P eGRIT BE Wireins e ko fesin
accordi ng to ct@hphides®epsingidi®s FurthdrdnsludiRg et Ry CORGRIAcLthandor

bi phenol derivati ve.
amino-phenol.

13. A composition according to claim 12 wherein the epoxy resin
15 comprises multi-epoxy groups further including selections from epoxidised
phenol novolak, and/or cresol novolak.

14. A composition according to claim 1 wherein the curing or hardening
compound is provided in an amount of between 1 to 20% by weight of the

20 epoxy resin.

16. A composition according to claim 14 wherein the curing or
hardening compound is provided in an amount between 3 — 15% by
weight of the epoxy resin.

25
16. A composition according to claim 1 wherein the curing or

hardening compound is a biphenol derivative.

30



26 17. A conposition according to claim 16 wherein the biphenol
derivative has a general formula of 5 10wherein - Rl, R2, R3, R4
are either Hor CH3, and nmay or nmay not be the sane. 18. A
conposition according to claim 17 wherein the bi phenol derivative has
a nelting point higher than 200C. 15 19. A conposition according to
claim 18 wherein the bi phenol derivative has a nelting point higher

t han 260C. 20. A conposition according to claim16 wherein the

bi phenol 20derivative is dispersed as powder particles in the
conductive adhesive conposition. 21. A conposition according to claim
1 further conprising: (E)a catalyst including an im zadol e conpound.
25 22. A conpdditi én creepositiang accoding nic2 Iclairer 6 nwhheein ntheadwpleenol

conmpound is any.one or_a conbinatio | ected from

2- phenyl - 4, 5 HERVATS AR BSTP R PLESAT 2- phenyl  4-met hl yi m zadol e;

27 2-phenyl 4-nmehyl-5-hydroxynet hylim dazol e;

2,4-diam ne-6[2' -ethyl -4"-nethylim dazole-(1")ethyl-s-triazine. 23.
A conﬁosition according tR,claim21 whereintRe i mdazol e 5conpound’s
melting point is above 180C. 1

HO

CH

R, R4

10 wherein
- R4, Rz, R3, Rg are either H or CH3, and may or may not be the same.

18. A composition according to claim 17 wherein the biphenol

derivative has a melting point higher than 200°C.

15
19. A composition according to claim 18 wherein the biphenol
derivative has a melting point higher than 260°C.
20. A composition according to claim 16 wherein the biphenol
20 derivative is dispersed as powder particles in the conductive adhesive
composition.
21. A composition according to claim 1 further comprising:
(E)  a catalyst including an imizadole compound.
25

22. A composition according to Claim 21 wherein the imizadole
compound is any one or a combination selected from

- 2-phenyl-4,5-hihydroxymethylimidazole;

- 2-phenyl-4-methlyimizadole;



24. A conposition according to claim?21 wherein the i mdazole
conmpound is provided in the range of 0.1% 10% by wei ght of (B) epoxy
resin. 10 25. A conposition according to any of clains 1 - 24
further including, |ow stress additives, defoam ng agents, diluents
and | eveling agents. 26. A conposition according to claim?25 for use
in the packagi ng of 15sem conductor devices, including dispensing a
paste form of said conposition, for djye attaching processes. 27. A
sem conduct or devi ces packaged with a conposition according to any
one of clains 1 - 25 Y - £l r QL Cy: ance including a
sem conduct or devi ?Zp%%%&géﬁgh@%t ﬁyoﬁS%gﬁ%ﬂQ&%uﬁ%%b%mor ding to any one
of clainms 1 - -25. 2,4-diamine-6[2"-ethyl-4'-methylimidazole-{1'}ethyl-s-triazine.

23. A composition according to claim 21 wherein the imidazole

5 compound's melting point is above 180°C.

24. A composition according to claim 21 wherein the imidazole

compound is provided in the range of 0.1%-10% by weight of (B) epoxy

resin.
10
25. A composition according to any of claims 1 — 24 further including,
low stress additives, defoaming agents, diluents and leveling agents.
26. A composition according to claim 25 for use in the packaging of
15 semiconductor devices, including dispensing a paste form of said
composition, for die attaching processes.
27. A semiconductor devices packaged with a composition according to
any one of claims 1 — 25.
20

28.  An electronic appliance including a semiconductor device packaged

with a composition according to any one of claims 1 — 25.
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