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1 THERMALLY AND ELECTRICALLY CONDUCTIVE AND ADHESIVE
COMPOSITION FOR SEMICONDUCTOR PACKAGING 5 TECHNICAL
FIELD [001] This invention concerns a composition for packaging
semiconductor devices such as integrated circuits (IC) and large scale
integration (LSI) devices. 10 The compgsition is useful for die attaching
these devices onto a substrate while exhibiting suitable thermal and

electrical condeRivi_alpIINDtE Igeed REbDASIOY ©ONIRATT (& AedD
frameARHE SiVire Cathrars ITHEM E SR RBENNDONDIUCIZ RMRA BIAGING

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 240C to
around 260C due to the higher melting point of lead free solder. Higher
temperature in turn leads to higher stress on semiconductor packages
TEOMNEIAW HIELD 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 strength between the 2

[001] This invention concerns a composition for packaging semiconductor

devices such as integrated circuits (IC) and large scale integration (LSI) devices.
The composition is useful for die attaching these devices onto a substrate while
exhibiting suitable thermal and electrical conductivity along with good adhesion

onto leads and lead frame parts of the package.

BACKGROUND ART

[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,
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

compounded by the weakening of adhesion strength between the
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semiconductor device and the leads or lead frame at such higher
temperature due to deterioration of chemical bonding thereinbetween.
[003] These problems may lead to more frequent and serious package 5
delamination and cracks after the reflow process, and may be critical
enough to result in package failure. Hepce, various attempts have been
made to improve upon the formulation of the adhesive composition to

S6HR6N BEER ARSI @IEESICHr R FrdhRY RS GOntighiEitye dpweliure

as reduction of package stress during high temperature reflow process.

d0d 0 o reibH P \Wh et RIsIasbhding Bievéigbadvesien is to include a
high proportion of silver (argentum, Ag) as inorganic filler in the

composition, typically in the form of silver flakes or powders in the range
of 70% to 90% such as that disclosed in U.S. Patent No. 6,225,379

(0GBlorE SsiarsroBIéshe misqlleiantd) rroAbfRefesh N P BB backage

(Sumitomo Bakelite). It is known that, besides its good dispersion in

QEANIR 46BN SOMPRRIKSRFtAIHY PRRg SriItY, thedmed Rbe/ eritiRigicsiealgh to
conductivity. At below 70%, however, the resultant composition has poor

ibsuman panagivitiluiels Haredngdreicatidinphargae naéeframade to improve
semiconductor chip in operation, whereas at above 90% the resultant

Vsoosiy AMhollbtéaooftnsitehbsiventemiossitigh to berépsassitet astesion
although in U.S. Patent No. 4,595,604 (Rohm and Haas) as high as 95%
sndteriodfide) Hag/betrenapboeddioctBugh aonaelChserednmpiositafsmckage

stress during high temperature reflow process.

[004] One well-known approach to improving adhesion is to include a high
proportion of silver (argentum, Ag) as inorganic filler in the composition, typically
in the form of 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 & Chemical) and U.S.
Patent No. 5,908,881 (Sumitomo Bakelite). It is known that, besides its good
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 above 90% the resultant viscosity
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.
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3 [005] Another aspect is to choose an appropriate epoxy resin system to
constitute the packaging composition. In the aforementioned
US-5,908,881 (Sumitomo Bakelite) an epoxy resin having at least 2
epoxy groups in the molecule and in liquid form at room temperature is
disclosed. This epoxy resin 5 having prgferably 3 epoxy groups, together
with a reactive diluent and curing agent, are designed to avoid any

U510y HER B4 E5EL RSN BNt SR RRiRTIRE G Poiy Raiingytiem to

composition thermally insulative wherein the curing temperature is higher

Homstite el paukagiddesntiposineny IasesySasmdntiveétpuisesidoenss1

thixotropic or viscosity agents and curing or hardening 10 agents are also

(Speitanic @aKgRiglianolieryimulaliog ot fdesrashHhgav®s in the

composition. [006] Yet another aspect of the composition is to provide for

folableecanplindigeissrioasrstarnadmperiaceaidhgisicoséd UThi®aismty resin
No. 6,645,630 15 (Matsushita Electric) the epoxy resin composition

HisglagedsfehasioBarpaxplpsnpertisgesnurovite avhesetivd iissgpasteduring
that one or more of the following 3 types of coupling agent is added to the
ageMmoattindesigneeoky alait arpeitantiizilpperaryl granpsiteneanainglingreacted
agents. The inorganic filler proposed, however, is aluminum hydroxide

and thissitverindPtiROZd inpdsRidruttlishes A ndigiation WhePdNTROB00A4

(Sumitomo Bakelite), an
temperature is higher than its melting point. Thus, the epoxy resin system
including the diluents, thixotropic or viscosity agents and curing or hardening

agents are also important considerations in the formulation of a desired

adhesive composition.

[006] 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
(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.

[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 to the composition so as to improve

the molding and adhesion properties. While many types of aminosilanes have
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epoxy resin of the tetramethylbisphenol F type is disclosed wherein a
silane coupling agent is suggested to be added to the composition so as
to improve the molding and adhesion properties. While many types of
aminosilanes have 4 SUMMARY OF DISCLOSURE 10 [008] In our
present invention, we endeavour to prodide 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] Asa general embodiment, our heat and electrically conductive
adhesive composition comprises of (A) a filler comprising substantially of
silver (Ag) 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) a5 curing or hardening agent; and (D) a
silane coupling agent comprising at least a

SUMMARY OF DISCLOSURE

[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

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

cracking resistance.

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

(B) an epoxy resin in liquid form comprising at least two epoxy groups; (C) a
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primary mercapto group. [011] In one aspect of our composition, the
silane coupling agent comprises 5 sulfidosilane, preferably, bis-sulfur
silane. A preferred embodiment of the silane coupling agent may be
generally represented by Formula 2 below: (R"a(R2)3_a Si-(CH
2)mv-(S)n-(CH2)m2-Sh(R3)b(R4)3_b Fgrmula 2 10 wherein: - R1 and R3
are each an alkoxyl group with 1 to 10 carbon atoms, wherein R, and R3

sangompdraehiythgsirmaid R2endiRAs D epriagky LorpRsiitdt least a

to 10 carbon atoms, wherein R2 and R4 may or may not be the same; 15
patA Ly aheioieaeigrelip.to 3; - nis an integer of 2 to 4; and - m1 and m2
are integers of 1 to 5. [012] A specific embodiment of the silane coupling
agent is bis 20 [triethoxysilylpropyl]tetra sulfide, wherein R1 and R2 are
both ethoxy; R3 and R4 are interchangeably an ethoxy and propyl; a and

ang elachre Jispectouoh dhabhetrampriisiah@scoupling agent comprises
(C2H50)3SiC3H6S4C3H6SI(OC2H5)3 as its molecular formula.

Suriesshbndhprefeealbiy Obiilaneosipling agentferiretherrirgineétt bthe silane
- 8% by weight of the total weights of (B) epoxy resin and (C) phenolic

coopingrslgent may be generally represented by Formula 2 below:

(R")a(R?)3.4-Si-(CH?)m1~(S)n-(CH)ma-Si-(R*)p(R*)a5 Formula 2

wherein:

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

- R%and R* are each an alkyl group with 1 to 10 carbon atoms, wherein
R> and R4 may or may not be the same;

- and b are integers of 1 to 3;

- nis an integer of 2 to 4; and

- my and my are integers of 1 to 5.

[012] A specific embodiment of the silane coupling agent is bis-
[triethoxysilylpropyl]tetra 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 (C,H50)3SiC3HgS4C3HsSi(OC2H5)3 as its molecular

formula. Preferably, the amount of silane coupling agent is in the range of 0.1%
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[013] Ina second aspect of our composition, the filler aggregate size is 5
preferably in a range of up to 50 pm, and most preferably below 10 pm.
The silver content may be maintained at a range of between 70% - 90%
of the filler used. The silver ratio is preferred to be at least 90% or more
by weight of the filler content, though agombination of silver with an alloy
of silver or other metals is allowable. The filler aggregate is preferably in
tezdasveditkes tHe whtishwarihReoIged &asthesyintasaliergmdaancof
silver fillers. [014] In a third aspect of the composition, the epoxy resin
somypBuRgrises of at least two epoxy groups selected from epoxidized
bis-phenol A, bis-phenol F, biphenol or derivatives thereof. Preferably, the
epoxy resin comprises 3 epoxy 15 groups further including
tri-hydroxyl-phenyl-methane or amino-phenol. Yet another preferred
ENBpdimaRicebiie 5seot by ceompession. ithe sy ggepegatertes is
including selections from epoxidised phenol novolak, and/or cresol

prasfelalbly th[8 ahjecofausttoasp ¢eh 0h e mtesh pesfieab B elornyoopm. The
hardening agent is a compound with at least two phenolic groups and is

pileéerebitanonidgdb i raairaaned taafheinge o floenreen RO KeiPi%wf dhehe filler
epoxy resin, more preferably 3 - 15% by weight of the epoxy resin. A

pselerreiesihedinngotiobiefettsth (odie’ ahyaenduycomporatysweight of the
biphenol derivative and which may have a general formula of

filler content, though a combination of silver with an alloy of silver or other
metals is allowable. The filler aggregate is preferably in the form of flakes

which may be used together with spherical form of silver fillers.

[014] In a third aspect of the composition, the epoxy resin may comprises of at
least two epoxy groups selected from epoxidized bis-phenol A, bis-phenol F,
biphenol or derivatives thereof. Preferably, the epoxy resin comprises 3 epoxy
groups further including tri-hydroxyl-phenyl-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.

[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



10

15

20

RiR3 QH R2 R4 wherein: - R1, R2, R3, R4 are either H or CH3, and
may or may not be the same. 10 [016] The biphenol derivative has a
melting point higher than 200C, more preferably higher than 260C, and
dispersable as powder particles in the conductive adhesive compaosition.
[017] In a fifth aspect of our invention, opr composition further includes 15
constituent (E) a catalyst including an imidazole compound having melting
RatAE ARG\ A SR ik R Bifsiesht theivatige ahd. WAtch Yy havweigbeatral
(B) epoxy resin, and which is preferably any one or a combination
grelecliedirom: - 2-phenyl-4,5-dihydroxymethylimidazole; -
2-phenyl-4-methylimidazole; 20 -
2-phenyl-4-mehyl-5-hydrgxymethylimidazole; -
2,4-diamine-6[2'-ethyl-4'-methWimidazole-(1")
composition according to our pf (N i

8 additives, defoaming agent Vveling agents which are
suitable for use in the packagng 0f semiconductorgevices, including
dispensing a paste R,

wherein:

- R1, Rz, R3, R4 are either H or CH3, and may or may not be the same.

[016] The biphenol derivative has a melting point higher than 200°C, more
preferably higher than 260°C, and dispersable as powder particles in the

conductive adhesive composition.

[017] In afifth aspect of our invention, our composition further includes
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;

- 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
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form of said composition for die attaching processes. 5 LIST OF
ACCOMPANYING DRAWINGS [019] A better understanding of the
invention may be obtained from referring to the drawings listed below
which accompanies this specification, and the detailed description of
specific embodiments that follows, as ngn-limiting and 10 exemplary
illustration of specific aspects or preferred embodiments, in which: [020]

Hiaitiocs shevsathia dHipsantialibeans ngddelimg by d s Writkvaréfsuitable for
example of compound (D), product code no. KBE-846 (by Shin-Etsu

Gdemigsd Saekddiyg andethiteatliarwerisboviadhrinG dispereiabthgaste

same compound KBE-846 mixed with silver in the same proportion by
foeigi SAPEhPOERdAESICRIRHSIN RY-préteete: EMBODIMENTS

[022] The general embodiment of the composition of our invention
comprises the following 4 constituents (designated A to D) with an
optional 5th catalyst compound (designated E): 9 (A) a filler comprising

El&TRtamialyCOMPANK I @JYRADAN @San amount of 70 to 90% by

weight of the adhesive composition; (B) an epoxy resin in liquid form
comprising at least two epoxy groups; (C) a curing or hardening agent;

and

[019] A better understanding of the invention may be obtained from referring to
the drawings listed below which accompanies this specification, and the
detailed description of specific embodiments that follows, as non-limiting and

exemplary illustration of specific aspects or preferred 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,, Ltd) ; and

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

with silver in the same proportion by weight.

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 5" catalyst

compound (designated E):
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5 (D) a silane coupling agent comprising at least a primary mercapto
group, and optionally, (E) an imidazole catalyst. [023] Silver (A) is used
as an inorganic filler to achieve good electrical 10 conductivity and thermal
conductivity. Though a combination of silver with an alloy of silver or other
metals is allowable, it is preferred that tige ratio of silver be maintained at
least 90% or more by weight of the filler content. In addition, ionic

{mpuritiesirRchorsoRGS LB RIIARIIGNSF RAtRSS{IAG) I8 Geeid b kepbiewunt of

for its application in semiconductor field. 15 [024] It is preferred that

7vatngedilisy siesyhe dralvarisivnddiapeskred S0pm. Though flake
type is preferred, spherical shaped filler could be also used together with

{Bke fiker epbighragmaadityury dahledaisaimgantdeatrtapriipaiioyroups:

Below 70% of silver in weight gives less than desired electrical

onduciivilyiR§ orimigrabare 2fenef sider in weight will lead to high

viscosity of the composition that makes dispensability poor. [025] The

(BXt 2 gosigiitec ot plitide RPEAP DS diAgERDIvAkESH HB)ramy anetdapdooyroup,
hardening agent (C) is a compound with at least 2 phenolic groups 10

Hotil gopalyC) used as hardener are now described. Epoxy resin is used

due to its good adhesion property, while the phenolic compound is

¢E)ecteshdmidazole catalyst.

[023] Silver (A) is used as an inorganic filler to achieve good electrical
conductivity and thermal conductivity. Though a combination of silver with an
alloy of silver or other metals is allowable, it is preferred that the ratio of silver
be maintained at least 90% or more by weight of the filler content. In addition,
ionic impurities such as sodium, chloride, and potassium ion should be kept low

for its application in semiconductor field.

[024] Itis preferred that average filler size be below 10um and not exceed
50um. Though flake type is preferred, spherical shaped filler could be also used
together with flake filler, which are easily available for semiconductor application.
Below 70% of silver in weight gives less than desired electrical conductivity
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
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hardener as it shows the best anti-water absorption property among all
cure systems with epoxy resin. As for the case of silver, the ionic
impurities of epoxy 5 resin (B) and the curing or hardening compound (C)
with at least 2 phenolic groups (OH group) should also be kept low. [026]
Epoxy resin (B) that are available for ug@includes, but not limited to the
following: 10 [027] - composition with 2 epoxy groups, e.g. epoxidized

PR (Bisusbenel ratkiohenatehawivativasbareiold2@sin is used due

composition with 3 epoxy groups, e.g. tri-hydroxyl-phenyl-methane and

fhiRnyioedehenesicn Bisl2Sty  CRRIROBIEQFhGHBI IR BRSO HER cte@l as

epoxidized phenol novolak and cresol novolak, and etc. 20 [030] It is

REptRIned Hat BioRrak neskt ativiteickissorstioeepropritieaineng all cure

composition should be in liquid to be worked at room temperature. A

s9aniive Withesporayesan b fslde icathe siirsivalreopasitifutities of epoxy

achieve better workability. Examples of such reactive diluents include

essizo|B)\idytatheuring oit-haitiiiag @atysaliiatie). viateiar led stiighisnolic

this case are low molecular 11 weight resins with reactive functional
groups (Oldrgaspiesholvieniismpdrepefgvally inert and non-reactive.

[026] Epoxy resin (B) that are available for use includes, but not limited to the

following:

[027] - composition with 2 epoxy groups, e.g. epoxidized bis-phenol A, bis-

phenol F, biphenol or derivative thereof;

[028] - composition with 3 epoxy groups, e.g. tri-hydroxyl-phenyl-methane and

amino-phenol; and

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

and cresol novolak, and etc.

[030] Itis 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
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[031 ] In respect of constituent (C) which is used as a curing or hardening
agent, 5 we propose therefore a compound having at least 2 phenolic
groups (OH groups) and which should have melting point of higher than
200C and therefore does not melt in the presence of common epoxy resin
at room temperature. It is preferred thaticompound (C) have a melting
point of higher than 260C, so that it does not melt during solder reflow

WeIgassewhiCitrordd chOdhRirR iR 40 grarxRemest 6hatige soIemeryy be
[032] Compound (C) is preferably dispersed as powder particles in

§enerultiviharthagi v aa@wesiion to give good storage properties. As the
reaction with 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

fosnp threshpesctihd crivitassuE)leickagasadess slulingdighhardening agent,
temperature reflow and prevent package delamination and crack.

weprspoyt (G witbretdesshpahrnpbviapaprd§i2 grmmsiccgtddps (OH

therefore, be a good alternative to liquid type elastomer that 20 is

SRINMDMY HSES @5 JABLEY By AdREINRg HaNiE ST PRy RASteaRER 00T Al

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

fRoEfSRESIEN r%t%@ﬁ“hhlﬂ?ﬁr@%i?éé‘%‘f cbfn m]e%@m%%%%t room
compound (C) with at least 2 phenolic groups (OH groups) include, at
{easiefaubPheRD gEMRVERINHARRUMRS (O Rl & RRIRWMG point of higher

than 260°C, so that it does not melt during solder reflow process, which would

have led to unexpected change in property.

[032] Compound (C) is preferably dispersed as powder particles in conductive
adhesive composition to give good storage properties. As the reaction with
epoxy happens only at surface of compound particles, it reduces the cross-link
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
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.
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5Ri'3 HOO.H 10 R2 R4 Formula 1 15 [034] where R1, R2, R3, R4 are
either H or CH3. 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 notgive the desired low modulus
effect while above 20% in weight will lead to too high the viscosity of the
8BS E&apapeo BitieonD dendi(icedilh 3R] dagererdnbie jesupe e groups)
point hardener ensures that it remains as 25 solid particles in adhesive
PRNBeSIHO RS fgbip Réies IeRsdtNé’driReess at Elsvales 1 below:
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] At room
temperature, the solid form high melting point haer[gsener is less reactive
compared to low meltingpeinthardenerandgdffers longer pot life. 13
Similar result is found op yesive composition that is
stored CH

Formula 1

[034] where Ry, Ry, R3 R4 are either H or CH;. 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%
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
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.

[036] At room temperature, the solid form high melting point hardener is less

reactive compared to low melting point hardener, and offers longer pot life.
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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. 5 [037] In
respect of constituent (D) it is used to improve adhesion of adhesive
composition to adherents. Compound (1 has a general compound
represented by Formula (2) below: 10

SRhIREE1aiS Fd GitPom btordgd GiR2dmA S RS ENB 4htp IsttiotiBat is stored
wherein 15 R', R3: Alkoxyl group with 1 to 10 carbon atoms, where R,

ansuBarayEnaye Rt ke tTasama; MaitiRdg pdikyHRienuith 1he f59m of solid
carbon atoms, where R2 and R4 may/may not be the same; a, b :

parusss ebivis 3i2hacdnipaeseiiLttoramdinoh Zhétsigrre o8 biadhesive

[038] As generally known in the art, silane coupling agents with amino

donstiosiionravl s ilens tesing aagingvidmmercapto functional group
can be 25 used to enhance adhesion. Both silane coupling agents with
amino functional 14

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

by Formula (2) below:

(R")a(R?)3.a-Si-(CH2)m1-(S)a~(CH2)mz-Si-(R%)o(R*)s.
Formula 2

wherein

R', R®: Alkoxyl group with 1 to 10 carbon atoms, where Ry and R; 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 1to 3;
n: Integers of 2 to 4; and

m4, my: 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
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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. 5 [039] Since compound (D) does not give
significant reaction with epoxy groups, 1@ompounds with phenolic groups
(OH groups) and silver at room temperature, it can, therefore, be loaded
gidughaamersrciptotngnadBasIMG-60p) PRV IOHYY SighfigaRksion
iImprovement on adhesion, and yet maintaining a stable storage 10

PhpREVEese M @igig Phdpeitar efetins BaitRiradsepphdeesdraseadhamount

other silane coupling agent, it helps to prevent significant drop in

adhesienasityepashthafltedvepistefeetieainritifecd saitbolestedigaction at room
reliability performance. [040] As the structure of (S)" in compound (D)

ferpeeitaraical reaction with the 15 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
e fdarcancoiapisnd04ddsgiseghaheignsiticamifterendaltaapimg groups,
Calorimetry (DSC) curve of an example of compound (D), in the form of
Esathauasdeithop KETolR4grtobin {(Ebug Bhes)ierld silvéidt wheretbatpdrature, it
and R2 indicated in Formula 2 are ethoxy, botha & b are 3, nis 4 and

baith thdré&fen@, de Idhded 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), 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, nis 4 and both m; & m; are 3).
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15 [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 10C/min from room temperature. The results show that
compound (D) reacts with silver, 5 andfBrough this reaction, the effects of
this invention could be realized. [043] For above effects, n indicated in

foarnuRiguRtR BRINY R IPSTRENeediHe WEMB EotipdURER(TRAN!fhealr?m of

that where n is less than 2 or more than 4, the effect on adhesion

PROGOCE DB 0B NOK BEPES B eh At vitanisustantasinglan ey Weighpbngilver. In the
agents, there could be 1 to 3 alkoxyl groups bonded to each of both the

PICIeatotRe. sEfkayb e W s aliesureg imBeHaeE RO RIflIORYI®M 0°C/min
buthoxy group to ensure good reactivity. Alkoxyl with more than 11 carbon

FE RO & APISHHRS ITHEE R RROS FRAFIVEY cEHIRIUME (TP aE&INAY silver,

is highly preferred in this case and 2 or 3 of these alkoxyl groups is

BrRfRIRU P eisl RBeRER dtHR BRSNS Thl Entith IS URI BREFTAPRETS

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 20 compound with at least 2

R3)0licoarapipre( St 8RO UPT die it S 1AV Bkt U2 WLiB B O i S MBR DI BY 2
does not give significant improvement on adhesion, while above 8% in

Aot Wit MNP QUBh(EX:FRIEAR RASE PREHVHYRNE (4aiElss 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 alkoxyl 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.
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Formation of voids is due to alcohol formed through hydrolysis of alkoxyl

silane groups. 16 [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 () is 5 preferred to have melting

point of higher than 180C 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,

RP5Eyhé fnetpiisitaaatei.e. imidazole compound (E) is utilized as catalyst to
2-phenyl-4-methyl-5-hydroxymethylimidazole, 2,4-

thaméaetkir eih\dukrgeirydissis azolyb€hiethapoxyiaaine (Bharmdatenpelind

10 imidazole compound (E) can be in the range of 0.1 % to 10% by weight
wasest leasopweidicalreppsy(@digidigs)adh)eTive pnidpasid yonksdand (E) is
0.1 % in weight of compound (E) will take long time for complete curing,
prailerrlP¥e hHV¥riewRig Bonmtl deathireiop Aiongbec iscgsidy e gnend stable
adhesive composition to be utilized. 15 [046] Apart from the five
§@?§§@ﬁ@%ﬂﬁ$§@&@;§b@‘®rﬂl%%'@%'ﬁ%é%‘@@,sﬂlﬂm Qf Ff?l'ﬁtéﬁ’ gation,

if necessary, can contain additives such as low stress additives,
é&ﬁ@ﬁ@@ﬁﬂar@aﬁﬂ&,ir%iwgﬂm‘eag}@d@/e!@qza}su%ﬁ's}fﬁ%[wwraﬁﬁﬂmwrﬁidazme,

producing the adhesive composition of this invention
2-phenyl-4-methylimidazole, 2-phenyl-4-methyl-5-hydroxymethylimidazole, 2,4-

diamine-6[2’-ethyl-4’-methylimidazolyl-(1’)]ethyl-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 to 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.
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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. 17 [048] The
adhesive composition of this invention is7applicable to packaging
conventional semiconductor devices assembly process. This typically

joaBIdemh cdifnrRsiRgRebE e SPMRABNIGNEHOYVaE N ABRIRRG Haging

chips onto designated positions of lead-frame or substrate using a

eimbemsianeshitonldderagbase fuBRAsiiprosdse meikagdpitaatiudes,

Wire-bonding process is performed to form interconnects and the chips

AISpBIRIIrR6PRREHIERE WRINTh RPRXY FORbRd eYMReuTEhth sTughpsansier
molding process. 10 EXAMPLES [Examples 1 to 4] [049] Flake silver with

avsigust sz patitlois Bent frearadar sishvaaleagsityes dis-tdlider machine.
diglycidylether of bisphenol A (epoxy equivalent = 180, liquid at room

THBRaihgsiechwepodaiohis-fhep@urod syithesitetme reeatiniy ievees is
bis- phenol A and epichlorohydrin, as epoxy resin (B); cresol glycidylether

(epfoon el tividantinté Rarhrretsrsiad tR>EH T Dirbaheh(etgosivaledtusing
180, melting point = 260C, hereunder "phenol A") as compound with at

ERstyZmbleined ¢ 3t goamiasticdt gicrmss fEE ntioidiinglipatedsss Formula 1;
KBE-846 (Shin-Etsu

EXAMPLES

[Examples 1 to 4]

[049] Flake silver with average size of 1 to 30um (hereunder “silver”) as silver
(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
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
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Chemical Co., Ltd Made, bis(triethoxysilylpropyl) tetrasulfide, hereunder
"coupling agent A") as compound (D) that indicated as Formula 2;
2P4AMHZ (Shikoku Chemicals Corporation Made, hereunder "2P4MHZ",
melting point=192C), as Imidazole compound (E); and Dicyandiamide as
hardener; are 18 compounded as indicigged in table 1 where the adhesive
compositions were prepared using kneading machine that consists of 3

toepouNdeUthe itheslied iRtReRss, iterd RS Me KesTROSHEIAPS IHRIAS were
de-foamed in vacuum chamber at 2mmHg for 30minutes. Properties of

preitbasivineokneasitiemusHm Eexaborrlisaiast Bitblles). mEwofe apeading

describe below. [Comparative example 1 to 4] 10 [050] In comparative
praaBple thd@M&sivie(Ebipbtiticnbereirabedodriddiacuum chamber at

N-phenyl-y-aminopropyltrimetoxysilane, hereunder "coupling agent B") as

eavnlinpfagsohvikiitesniPpEtiBs\sIhsediaasive eompastivasexamniech
KBM-803P (Shin-Etsu Chemical Co., Ltd Made,

SvalaetaptamioRystrathhxussieseibetssioder "coupling agent C") as
coupling agent with merkapto group 15 was used. In comparative example
4 phenol novolak (OH equivalent = 104, melting point = 80C to 90C,
hereunder "phenol B") was used. Test method 20 [051] Viscosity: viscosity
measurement is done using Brookfield viscometer (5corn, at 25C, at 5.0
rpm) for adhesive compositions as indicated in table 1,

[Comparative example 1 to 4]

[050] In comparative example 2, KBM-573 (Shin-Etsu Chemical Co., Ltd Made,
N-phenyl-y-aminopropyltrimetoxysilane, 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
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

[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,
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at both 0 hour and 48 hours of staging at room temperature. Adhesive
composition with viscosity that falls in the range of 6000 mPas to 12000
mPas, 19 and shows change in viscosity between 0 hour to 48 hours of
less than 20% is considered pass. The unit of viscosity is mPas. [052] Die
shear strength: test units for die shear tggt are prepared by mounting 5
6x6 mm silicon chips on i) Cu lead-frame, ii) Cu lead-frame with Ag

amdisgoliy Hdrgelptivigdearylemeanitrobllash 48shulpsberi¥e than 20% is
compositions as indicated in Table 1, and cured at 175C/30 min. Die

sbesidstisigdssnFAsLIAMentisderRitginasel 260C using auto die shear
tester. Value of more than 30N/chip at 260C is considered pass. The unit

of die shear strength is 10 N/chip. [053] Volume resistivity: test samples
with dimension of 4 x 50 x 0.04 mm are prepared, using adhesive

[@BDpoBinssas Bteieried tedalietd foydiurer@at tdbarsSPraparédey mounting
resistance over 40 mm of the sample length is measured 15 and the
8eBImemreiticsiviphipshsmnipaauledack-dakinip Oesistivitir ke ovith bedoptating, iii)
1x10-3 Qcm is considered pass. The unit of volume resistivity is Qcm.

[05AY Platrae saecituactestis A plesnyiibidgnensisiveicbmhibdRidnamsare
prepared, using adhesive compositions as indicated table 1, by curing at

It AR FOMEDId Ne Sier aafed ol ulPSoIS /OB ASHI €¢I SIREP Ba@ith
Mechanical Analyzer, DMA by heating from 25C to 300C at the rate of
H¥a40R MR 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.
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modulus value at 250C of below 450 MPa is considered pass. The unit of
storage modulus is MPa. 20 [055] 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 175C/30
min. Observation for void is then done goder microscope. Adhesive
composition that shows void area of less than 10% is considered pass. 5

DB LN v idtairRs SoEPORS esie eraspre phtatpbareURie) Belisliity dlass

package used for reliability test is built by mounting silicon chips onto

pagsfeneuIeag-rahesiveing apnstice com pulinriad &3 TediafedwhTaLR 1,
cured at 175C/30 min, and molding it with epoxy molding compound 10

N Eoed8th Bro/unai B atpiertion e waekagre Wb d et adtedscope.

under condition of (moisture sensitivity level, MSL 2A accelerate)

RARELRRHEYMIRE GO RISsAdI SURIRFERddLTaiQWHYRoRRR  é6RSidered pass.
10sec, 3 times. SAT (T-SAM) is used to check delamination of the

PREKAYEST Dsidmraationaprasehtiapadharot edtalsrepsidered 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.) /fig ring plating lead-frame 20 Chip size : 6x6mm

[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
(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

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
Chip size : 6x6mm

Cure condition : 175°C, 30min in oven

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

Table 1



Cure condition : 175C, 30min in oven [058] The results of the
above-mentioned tests are shown in Table 1 below: 25 Table 1 21
Adhesive Compositions and Physical Properties and Reliability Results
Example Comparative Example 123412 34 Silver 757575757575
75 75 Bis-A epoxy 16.13 12.73 14.89 24.11 15.08 14.89 14.89 14.89
CGE 6.91 5.45 6.38 6.05 6.46 6.38 6.38 6.38 Phenol A 0.32 2.42 2.13

2.02 dHe Svis3 Colspdbriapistard BhyBith % chdHiedank FeelidbliilyResults
1.06 1.06 1.06 Dicyandiamide 0.230.18 0.21 0.2 0.22 0.21 0.21 0.21

Coupling agent A 0.35 0.32 0.1D 1.20 0.2 £x4aRlpling agent B parative Example
Coupling agent C 0.32 Viscosify InitialfmBas 6234 13763|11850 10190 3 4
Silvé516 9693 9279 7871 After 4Bhrrg 25C@smRag$18175375351 13565 75 75
Bis-NOhbky1 1599 9362 9859 8579 ¢chamge [%62.133(34580 116.0.7 +30% 6.3.80 Die.89 | 14.89
CGEhear After cure / Ag ring N/chip #1963|55.64 b$.48 9.8 | 6.46 | 6.38 | 6.38 | 6.38
Phenol A 0.32 242 213 2.02 | 2.16 213 2.13
Phenol B 2.13
2PAMHZ 1.15 0.91 1.06 1.01 1.08 1.06 1.06 1.06
Dicyandiamide 0.23 0.18 0.21 0.2 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 mPa-s 6131 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 N/chip 71 63 55 64 59 48 59 34
Strength After cure / Ag spot N/chip 57 82 49 58 26 10 9 42
@ 260°C  |After cure / Ni-Pd Au N/chip 80 82 67 75 29 23 24 61
\VVolume resistivity Qeem | 5x10” | 8x10” | 4x10” | ex10” [ 2x10™ [ 3x10™ [ 3x10™ [ 3x10™
Storage Modulus MPa 480 310 350 410 350 390 460 530
\Void % <10 <10 <10 <10 <10 <10 <10 <10
Reliability (MSL 2A accelerate)
Delamination area on % <10 <10 <10 <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 Examples 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

explained by chemical reaction that is formed between (S), in compound (D) and
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Strength After cure / Ag spot N/chip 57 82 49 58 26 10 9 42 260C After

cure / Ni-Pd Au N/chip 80 82 67 75 29 23 24 61 Volume resistivity 4cm
5x104 8x104 4x104 6x104 2x104 3x10-4 3x104 3x104 Storage Modulus
MPa 480 310 350 410 350 390 460 530 Void % <10 <10 <10 <10 <10

<10 <10 <10 Reliability (MSL 2A accefgpate) Delamination area on % <10
<10 <10 <10 >50 >50 >50 <10 Ni-Pd Au plating lead-frame Reliability

M RARACRIRY digrdlel aadinaliPasatRa N o paklictd Qurfdbed Onfléh<Hdlp to
<10 >50 A ring plating lead-frame Overall performance OK OK OK OK
iNprive NEH\Se He sivipaHb G EixasTaasrériji 1\hd depsaPadabeé®/e compositions.
Examples 1, 2 and 3 5 [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
Shoprysanity EExapasier eI fyBangsaik e Exeimpihigsion improvement

than silane coupling agent B and C. This can be 10 explained by chemical
reaction that is formed between (S)n in compound (D) and 22 metal
lead-frame surface, as well as the silver particle surfaces, which help to

[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.

kkk
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improve both adhesive and cohesive strength of the cured adhesive
compositions. Comparing Example 1, 2 to Comparative Example 4 5
[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 strerggh on Ag ring plating lead-frame
and therefore better MSL performance when used together with
compound (D) compared to 10 phenol novolak (hereunder Phenol B) with
lower melting point. 23 CLAIMS We claim: 5 1. A heat and electrically
conductive adhesive composition comprising: (A) a filler comprising
vubsiantally of silver (Ag) aggregate, in an amount of 70 to 90% by
weight of the adhesive composition; (B) an epoxy resin in liquid form
comprising at least two epoxy groups; (C) a curing or hardening agent;
and 10 (D) a silane coupling agent comprising at least a primary mercapto

group. & Hagoamepsidemiespp sbngdetvRmaticeivereshipesilaneeamiigg:

agent comprising sulfidosilane. 15 3. A composition according to Claim 2

pahereig silaneseipIEIBREEPstEANRINYSHIGINSSUNY) SiRegate, in an amount of
70 to 90% by weight of the adhesive composition;

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

(C) acuring or hardening agent; and

(D) asilane coupling agent comprising at least a primary mercapto group.

2. A composition according to Claim 1 wherein the silane coupling agent

comprising sulfidosilane.

3. A composition according to Claim 2 wherein silane coupling agent

comprising bis-sulfur silane.

4. A composition according to Claim 3 wherein the silane coupling agent

has a general formula of
(R"a(R?)3.a-Si-(CH?)m1-(S)n-(CH?)ma-Si-(R*)s(R*)3.5 Formula 2
wherein:

- R'" and R® are each an alkoxyl group with 1 to 10 carbon atoms,

wherein Ry and R3 may or may not be the same;
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4. A composition according to Claim 3 wherein the silane coupling agent
has a general formula of 20 (R")a(R2)3_a Si-(CH
2)m1-(S)n-(CH2)m2-Sh(R3)b(R4)3 b Formula 2 wherein: - R1 and R3
are each an alkoxyl group with 1 to 10 carbon atoms, 25 wherein R, and
R3 may or may not be the same; 24 - R2 and R4 are each an alkyl group
with 1 to 10 carbon atoms, wherein R2 and R4 may or may not be the

same; - qREnshl & Ankeeaeh Ainldkyd; grélis withmegen 0fcateoh afithfs; wherein
m1 and m2 are integers of 1 to 5. 5. A composition according to Claim 4

RharRirRhmajenersayplstbagnstdaniis-[triethoxysilylpropyl]tetra sulfide,
wherein R1 and R2 are both ethoxy; 10 - R3 and R4 are interchangeably

an ethoxy and prarylintegedbarfeeasd=3; n=4; such that the compound
has (C2H50)3Sic3H6S4C3H6SI(O C21-15)3 as its molecular formula.
- nis an integer of 2 to 4; and

- my and my are integers of 1 to 5.

5. A composition according to Claim 4 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 propyl;

- aand b are each = 3;

- n =4,
such that the compound has (C3Hs50)3SiC3HeS4C3HsSI(OCoHs); as its

molecular formula.

6. 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.

7. A composition according to Claim 1 wherein the filler aggregate size is in

a range of up to 50 ym.

8. A composition according to Claim 7 wherein the filler aggregate size is

below 10 um.
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15 6. 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. 20 7. A composition
according to Claim 1 wherein the filler aggregate size is in a range of up
to 50 pm. 8. A composition according t@&laim 7 wherein the filler
aggregate size is below 10 pm. 25 9. 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 otheA M3aipoBifion ARIBRMH IO actalting tavh&e7 tMdesgietheontent is
filler aggregate is in the form of flakes. 11. A composition according to

sintaitbdvheseianye Bakeswsenized, L@mgaiheaievillespikedcahiPiwharein said

fillers. 12. A composition according to Claim 1, wherein the epoxy resin
sivapiisinghatfieastdfmeny droups seletied iemlspoxidized

bis-phenol A, bis-phenol F, biphenol or derivatives thereof; 15
10. A composition according to Claim 7, wherein the filler aggregate is in the

form of flakes.

11. A composition according to Claim 10, wherein the flakes are used

together with spherical form of fillers.

12. A composition according to Claim 1, wherein the epoxy resin comprising
at least two epoxy groups selected from epoxidized bis-phenol A, bis-phenol F,

biphenol or derivatives thereof;

13. A composition according to Claim 12 wherein the epoxy resin comprises

3 epoxy groups further including tri-hydroxyl-phenyl-methane or amino-phenol.

14. A composition according to Claim 13 wherein the epoxy resin comprises
multi-epoxy groups further including selections from epoxidised phenol novolak,

and/or cresol novolak.
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13. A composition according to Claim 12 wherein the epoxy resin

comprises 3 epoxy groups further including tri-hydroxyl-phenyl-methane

or amino-phenol. 14. A composition according to Claim 13 wherein the

epoxy resin comprises 20 multi-epoxy groups further including selections

from epoxidised phenol novolak, and/@eacresol novolak. 26 15. A

composition according to Claim 1, wherein the curing or hardening agent

52 COMPSBMBHLitivat e raHyPReTIkTarauRshdfeiA aeNpaRi®or hardening
according to Claim 15, wherein the curing or hardening 5 compound is

apevitRd tempowRidnvithkatisaenthEopkHoly yieigps of the epoxy resin.

17. A composition according to Claim 16 wherein the curing or hardening
compound is provided in an amount of between 3 - 15% by weight of the
epoxy 10 resin. 18. A composition according to Claim 15, wherein the

¢ering Ar fassiinp reerisdinthis@ Clahanob demeiéne. the Barifg or hardening
composition according to Claim 18, wherein the biphenol derivative has a
oempialhermulpretideB3InHin GRKURD dt2beRveen 1 to 20% by weight of the

epoxy resin.

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

resin.

18. A composition according to Claim 15, wherein the curing or hardening

compound is a biphenol derivative.

19. A composition according to Claim 18, wherein the biphenol derivative

has a general formula of

R] R3
HO CH
R, R4

wherein:

- R1, Rz, R3, R4 are either H or CH3, and may or may not be the same.

20. A composition according to Claim 19, wherein the biphenol derivative has
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wherein: - Rl, R2, R3, R4 are either H or CH3, and may or may not be the
same. 20. A composition according to Claim 19, wherein the biphenol
derivative has 27 a melting point higher than 200C. 21. A composition
according to Claim 20, wherein the biphenol derivative has a melting
point higher than 260C. 5 22. A compogition according to Claim 18,
wherein the biphenol derivative is dispersed as powder particles in the

aqneleiy pGAhRRMe CBMRRNOC. 23. A composition according to Claim 1
further comprising: 10 (E) a catalyst including an imidazole compound.

24. A composition according to Claim 23 wherein the imidazole compound
IS any one or a combination selected from -

24phenylcbmiiaisaetaerafignid aelen 10, wheksnthé-bishylsngaraidve has
- 2-phenyl-4-mehyl-5-hydroxymethylimidazole; -

g,ﬁTg|iﬁyﬁ@iwﬁ[&ﬁgﬂgﬁﬂgﬁlg@gﬁmidazole-(1')ethy|-s-triazine. 25. A
composition according to Claim 23 wherein the imidazole compound's 20
melting point is above 180C. 26. A composition according to Claim 23
wherein the imidazole compound is

22. A composition according to Claim 18, wherein the biphenol derivative is

dispersed as powder particles in the conductive adhesive composition.

23. A composition according to Claim 1 further comprising:

(E) a catalyst including an imidazole compound.

24. A composition according to Claim 23 wherein the imidazole compound is
any one or a combination selected from

- 2-phenyl-4,5-dihydroxymethylimidazole;

- 2-phenyl-4-methylimidazole;

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

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

25. A composition according to Claim 23 wherein the imidazole compound’s

melting point is above 180°C.

26. A composition according to Claim 23 wherein the imidazole compound is

provided in the range of 0.1% - 10% by weight of (B) epoxy resin.
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provided in the range of 0.1 % - 10% by weight of (B) epoxy resin. 28 27.
A composition according to any one of Claims 1 - 26 further including, low
stress additives, defoaming agents, diluents and leveling agents. 28. A
composition according to Claim 27 for use in the packaging of 5
semiconductor devices, including dispexging a paste form of said
composition, for die attaching processes. 29. A semiconductor devices

packagrauribss RIRINRASEBREIRG aording thanyf ongidkClainmslfuded theluding,
30. An electronic appliance including a semiconductor device packaged

Wilhs R RN ageRIaiNn oagien ) elitidArimadllevdling agents.

28. A composition according to Claim 27 for use in the packaging of
semiconductor devices, including dispensing a paste form of said composition,

for die attaching processes.

29. A semiconductor devices packaged with a composition according to any

one of Claims 1 — 27.

30. An electronic appliance including a semiconductor device packaged with

a composition according to any one of Claims 1 — 27.
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