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conducti ve adhesives. BACKGROUND [ 0002] The invention
descri bed herein relates to an adhesive paste for

bondi ng hi gher power devices to a substrate with a

m ni mum of thermal resistance through the adhesive

bondl i ne and the nmethod of use. [0003] The attachnent
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adhesi ves. Typically, g'&ﬁ??% or die is bonded to
a substrate that is part of the ] duct or package.
The adhesi ves t hat F&%’e@rﬂﬁ THE |NY|SE§“%§§G| ng or
attachnment are usually in the formof a wet paste

WO D1} onsTae preseritlinventionneiates genetaths ito therovafip wenductive
(2) afiller, and (3) an optional diluent. [0004] The
radheenesof the adhesive is to create a bond between

t he sem conductor device and the substrate. This

adhesi ve | ayer between BRAEKGROWONDand substrate is
often referred to as the bondline. Inorganic and

[0002]  The invention described herein relates to an adhesive paste for

bondiﬁg higher power devices to a substrate with a minimum of thermal

resistance through the adhesive bondline and the method of use.

[0003] The attachment of active devices, such as semiconductor dies,
to a substrate or in an electronic package has historically been accomplished
using organic or inorganic adhesives. Typically, a semiconductor die is
bonded to a substrate that is part of the semiconductor paékage. The
adhesives that accomplish this bonding or attachment are usually in the form
of a wet paste which consists of (1) a binder or.adhesive component, (2) a

filler, and (3) an optional diluent.

[0004] The purpose of the adhesive is to create a bond between the
semiconductor device and the substrate. This adhesive layer between the
device and substrate is often referred to as the bondline. Inorganic and
organic binders have both previously been used. The most common inorganic
binders are glass, solder, or a eutectic of Si and Au. Generally, this type of

binder is used in inorganic packages, such as ceramic or metal. They are not



organi ¢ binders have both previously been used. The

nost common i norgani c binders are gl ass, solder, or a
weatoo2i7’e7 of Si and Au. Generally, this type oPChURZIE$/009851

is used in inorgani c packages, such as ceram c or

nmetal. They are notgenerally adaptable to bonding die

in plastic packages because of the high tenperature

PRERERR, ARa0BH S dE i Thed? pEBOAEBELEN A e nion
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bi nders used for die attach in plastic p ckagles -
bRlashic darginate, packagay |1 Sthey ?%ethstﬁﬁga. Rty of
the thermal conductivities of prior organic adhesive
s{heserrorganie agbesive systees i$ BighbAnging abohiirm 46,65 W/mK.
limting the anount of heat dissipation possible in

P[@O05] packr@er bihd6fetdre th@ st coirimer Bypeadf tieders used for

further classified into thernoset and thernopl astic.
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in US. Pat. No. 5,391,604. Thernosetting binders, as
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chem cal reaction which can occur during a thermnal
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epoxy resin, a hardener, a filler; and in nany cases a

SPBédibIe TP PRstiChakieRyes! ve sol vent. The

[0006] Organic binders can be further classified into thermoset and
thermoplastic. Thermoplastic organic binders are described in detail in U.S.
Pat. No. 5,391,604. Thermosetting binders, as the name implies, "set up" or
"crosslink" from a chemical reaction which can occur during a thermal
excursion. Typically, a thermoset adhesive contains an epoxy resin, a
hardener, a filler, and in many cases a small amount of reactive solvent. The
function of the hardener is to crosslink with the epoxy resin and change from a
liquid to a solid. More recently, as described in U.S. Pat. No. 5,480,957, the
hardeners can be "latent" i.e., they do not react with the resins until well above
room temperature. The use of a latent hardener extehds the pot life or time at
room temperature before the viscosity increases to an unacceptable level for

dispensing as a result of room temperature crosslinking.



function of the hardener is to crosslink with the
epoxy resin and change froma liquid to a solid. Mre

WO e@eti7y7 as described in U S. Pat. No. 5,480POBUS200$1@09851
har deners can be "latent" i.e., they do not react with
the resins until well above roomtenperature. The use
of a |l atent hardener extends the pot [ife or tine at

gm tenmperature before the viscosity increases to an |
9&:,7& abl @thesviegrediantsiisomatigasgused in teammasebadhggiies in

tenperat ure crosslinking.[0007] Qher i n%redi ents
s sambination ywithd an repaxyrresiseinclude ¢ reastive Wilbemophaeiven. The
with an epoxy resin include a reactive diluent or
s oeaddive solvent isctypicalieas einsaturated low yiscasityymanomer capable of
unsaturated | ow viscosity nononer capabl e of
c cosslinking withwhe Bpoxeargbegoraing pagtcafithe daptenedstructuse. 1t is
har dened structure. It is used to |lower the viscosity
ofused do dpeery theeeiscodity afl thevepoy aebioatdi alpwoimaredoading of the
filler. Thus, in the case of electro-conductive
adilesiThes, in theveasé dfheedtrd-tenductiveladhesisesi invwhich the filler
hi gher electrical and thermal conductivities are
r gglialed sireigherbgleatiss! ahd tthermhalvesnditivitied aire realized.
wei ght of the reactive solvent, only a limted anount

C MowasreH IREalké BPtHe RANGF InfdISGUMH weight sfethesbactive sonent, only
ot her functional properties. Thus, thernal
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prior art organi c adhesives. [0008 n sone cases, a
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resin. exanpl e, U. , 489 descri bes

a3 wmﬂk ; PR YR ESahghissol ve a phot oohr om ¢

mat e nepo resin to forma

[0008] In some cases, a fugitive non-reactive solvent is used with an
epoxy resin. For example, U.S. Pat. No. 3,716,489 describes a volatile solvent
used to dissolve a photochromic material in an epoxy resin to form a
transparent epoxy photochromic filter. Unlike the invention described herein,
the above material is not used as an adhesive nor is it loaded with a

particulate conductive filler.

[0009] U.S. Pat. Nos. 5,011,627 and 4,564,563 further describe screen
printable electro-conductive pastes that include fugitive, non-reactive solvents
that are used to dissolve the thermoplastic and epoxy resins. These
examples, however, are used as conductive traces, such as on membrane
keyboards, rather than adhesives and hence the solvents are easily

evaporated before entrapment in the structure by the crosslinking. Thus, they



transparent epoxy photochromc filter. Unlike the

i nvention described herein, the above material is not
was@d/ozssan adhesive nor is it |oaded with a PCT/US2008/009851

particul ate conductive filler. [0009] U S. Pat. Nos.

5,01 1,627 and 4,564,563 further describe screen

printabl e el ectro-conductive pastes that include

fugj ti ve,..non- ti.V . e ;
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hence the solvents are easily. evaporated before
eﬁf’?'gpﬁ%rﬁpmeﬁ%?ﬂée i"&é‘fﬂ?%"%‘ﬁst he crosslinking. Thus,
theycoul d not be enpl oyed as adhesives wherein the
s§00d@}s muYtS.Raty dloath, 26547 T, assignedbio retinimen bydthatheninstant
the die and substrate before crosslinking occurs to
avwiedtiemt prapides tanodrgahie adblesivatwitmd therinol . condodtivityjan order
U S. Pat. No. 6,265,471 , assigned in conmon with the

i 106 hreaghitude Righepthanthose previcuslycavgdlable, anidcn iaddition is easily
thermal conductivity an order of magnitude hi gher than

t Rispenped wndUsrogessedi atalohwetenapetaturds, getdiitlesa sireng adhesive
easi |y di spensed and processed at | ow tenperatures, ‘
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substrate, and good storage characteristics. US.

Priastt 6286374 disélbsed as®eroddtfidradiabsive haatdedmpeising by
paste conprising by volunme: a) about 15-75% of one
PRblumdier nosetting liquid resin,
a) about 15-75% of one part thermosetting liquid resin,
b) up to about 45% solvent, and
¢) about 20-45% conductive filler.
Embodiments of the paste taught by the ‘471 patent, when cured, have an
electrical resistivity less than about 50 yQcm and a thermal conductivity

greater than about 5 W/mK.
BRIEF DESCRIPTION OF THE FIGURES

[0011] The accompanying figures, where like reference numerals refer
to identical or functionally similar elements throughout the separate views and
which together with the detailed description below are incorporated in and
form part of the specification, serve to further illustrate various embodiments
and to explain various principles and advantages all in accordance with the

present invention.



b) up to about 45% sol vent, and c) about 20-45%
conductive filler. Enbodinents of the paste taught by

w0 b@9/04787 pat ent, when cured, have an el ectri cBAT/US2008/009851
resistivity I ess than about 50 mMi¥m and a ther nal
conductivity greater than about 5 VWwWK. BRI EF
DESCRI PTION OF THE FI GURES [ 001 1] The acconpanyi ng
figures, where |ike reference nunerals refer to .
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the separate views and which together with the :
deped inembediments efdhe irMeslionir e i ncor porated in and
formpart of the specification, serve to further
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principles and advantages all in accordance with the

PhewEEE usetVRdontbinatithlwith theHilder powderdshdrERLFIBN 1 according
m crograph of first type of silver powder used in

efDeMbBRiIfentPbf thBGnvenyiBAl i on; [001 3] FIG 2 is an
el ectron mcrograph of a second type of silver powder

u i3 conbingtion wth the silver po r. shown in
FB01 A coR s et Risroaragh affodire puem pbaivef pgweer
4 L FIG 3.is an electron mcrograph of a third tyge_ _
ohSed IRy &o lon Wik dhe rsilvehBPWEeT SRowntiA ik tiacgesding to
powder shown in FIG 1 according to enbodi nents of the
i Bnbedineents ghtipe invention; and _ v
[0015] FIG. 4 is a sectional elevation view of a manufactured article
using a thermally conductive adhesive according to an embodiment of the

invention.

[0016] Skilled artisans will appreciate that elements in the figures are
illustrated for simplicity and clarity and have not necessarily been drawn to
scale. For example, the dimensions of some of the elements in the figures
may be exaggerated relative to other elements to help to improve
understanding of embodiments of the present invention.

SUMMARY OF THE INVENTION

[0017] The current invention provides an organic adhesive that has a
bulk thermal conductivity about 40% higher than those previously available,
and, in addition, is easily dispensed and processed at low temperatures,
provides a strong adhesive bond between the die and substrate, and has

good storage characteristics.



[001 5] FIG 4 is a sectional elevation view of a

manuf actured article using a thermally conductive
w@adlveseare7 accordi ng to an enbodi ment of the i NREMUSNG/009851

[001 6 ] Skilled artisans will appreciate that

elements in the figures are illustrated for sinplicity

and clarity and have not necessarily been drawn to

scal e. For exanple, the dinensions of sone of the

e[00d8ls i nThise invepitions Regyides ethegalint cenductivei vadiesive
other elenments to help to inprove understandi ng of
efOOPrsina by weighthe present invention. SUMVARY OF THE
I NVENTI ON [ 001 7] The current invention provides an
or gani 8-1adhbiwder t hat has a bul k thermal conductivity
‘about 40% hi gher than those previously avail able, and,
i n add0i1iS&msolventeassisting essentialydobmih-reactes setveat, | ow
tenperatures, provides a strong adhesive bond between
t he di et least 8696 of thetraallyacshdustivefilled st or age
characteristics.[001 8] This invention provi des
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f'g}én?’r ahd aPsHata%aBh hRasd HiR GPbetween 0.59 and 2.19 m?/g a
second powder having‘a tap density between 4.7 and 8.2 g/cm® and a surface
area to mass ratio between 0.04 and 0.17 m?%*g. The first powder and the

second powder are preferably silver. Alternatively, one or both of the silver

powders can be gold, nickel, copper, zinc, tin palladium and/or platinum.

[0020]  According to one embodiment the binder includes a liquid epoxy
resin that polymerizes upon curing. Although embodiments that include a
solvent have achieved particularly higher thermal conductivities, alternatively
no solvent is included. Benefits of not using a solvent include less settling of
fillers during adhesive storage and use, less shrinkage and a reduced need
for exhaust ventilation during curing, and the resulting higher binder content of
the solvent-free versions can provide increased bond strengths. According to
another alternative embodiment, a powder binder is used in lieu of the liquid
epoxy binder. Typically, a powder binder would be used with a solvent. When
used with a powder the solvent lends cohesiveness to the adhesive before it

is cured. According to a further alternative in lieu of the above mentioned



powders including a first powder that has a tap

density in the range of 3.2-6.9 g/cnB and a surface
wa@e@a/oeosmass rati o of between 0.59 and 2. 19 n¢TyUs2008/009851

second powder having a tap density between 4.7 and 8.2

g/cnB and a surface area to mass ratio between 0.04

and 0.17 n2/g. The first powder and the second powder
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include less settling of fillers durlng adhesi ve
slembéﬁ’é“%ma rgiher thag using aﬁk%rgemsrf&sa e fRRdR Paged Py gflicon
exhaust ventilation during curing, and the resulting
hichag¥sthi Agera Reysilane tyre PolKMEbFIRRE USPe versions can
provi de i ncreased bond strengths. According to anot her

al[0O27HL i veTeraaily "@Bhdudtive OwdRésited dedcording!SRF the present
lieu of the Iiquid epoxy binder. Typically, a powder
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powder the solvent |'ends cohesiveness to the adhesive
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use For exanple, a thernoplastic polyner
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DETAILED DESCRIPTION

[0022] In this document, relational terms such as first and second, top
and bottom, and thé like may be used solely to distinguish one entity or action
from another entity or action without necessarily requiring or implying any
actual such relationship or order between such entities or actions. The terms
"comprises," "comprising,” or any other variation thereof, are intended to
cover a non-exclusive inclusion, such that a process, method, article, or
apparatus that comprises a list of elements does not include only those
elements but may include other elements not expressly listed or inherent to
such process, method, article, or apparatus. An element proceeded by

“comprises ...a" does not, without more constraints, preclude the existence of



pol ycar bonat es, pol yolefins and the like. According to

still further enbodi nents rather than using an organic
WO e@p/025787 r esi n based on silicon chem stry, e.PpCT/U82008/009851

pol ysi |l ane type pol yner can be used. [0021 ] Thermally

conducti ve adhesives according to the present

i nvention have achi eved performance | evel s

C%ﬁﬁ) S @é §|Xa|n%g%§%iﬁ 6@% 8‘({1‘%%? \%H‘%Gt ah%h g aPparatu‘s that

conductlvt els er than about 60 VWK has been
agﬂmg(}%@t}s %T'%'?: rical resistivity less than about 10
MM m has al so been achi eved. DETAI LED DESCRI PTI ON

[ 000231 n tHach ofdtberprimcipat eompprents of theredhesive pastes of the
first and second, top and bottom and the |ike may be
uprasenbinveptiaro isdesdéribedi kdlownand: asiary indegrak pad roffthe runique
anot her entity or action without necessarily requiring

opastesystengwhich provided usesplectesllyshigb tisdrimal propertibst
bet ween such entities or actions. The terns

" THIBRMOSET BINDEBR/HARDENEROr any ot her variation
thereof are i ntended to cover a non-excl usive

PRI 1 A ARl ] 61 oo
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eXp ess erent 9 sue
oISERRea g e sl 'g%geeﬂa' *RrRBR ARy GReRalF SRy resins
" BeNind Emopeufe et prinke BRpaut Tadh Binb i Pieferably tess
am%n gb % éo'b g/mol. The low viscosity of the resin is attractive to allow a
high percent loading of the filler at a reasonable viscosity without the use of a
large amount of fugitive solvent. The viscosity of the thermoset resin is

preferably between 200 and 2000 centipoise.

[0025] A hardener which is incorporated in the liquid resin should be
latent, that is, is activated at temperatures greater than about 100°C. The
specific hardener is selected to be effective at a temperature which is
compatible with the solvent properties, as more fully discussed below. A_resin
with hardener system that delays the start of crosslinking to above 100°C.,

and has been found to be particularly satisfactory.

[0026] The latency of the curing or crosslinking is a key parameter of
the system. Crosslinking must be delayed sufficiently in temperature to allow

a sufficient amount of the solvent to be extracted or dried from the adhesive



conprises the elenment. [0023] Each of the principal
conponents of the adhesive pastes of the present

w0 paef023781 i s descri bed bel ow and as an i nt egr BCT/p82008/009851
of the unique paste system which provi des unexpectedly
hi gh thermal properties. THERMOSET Bl NDER/ HARDENER
[0024] A wide variety of known thernoset resins can be

inth nt .l tion, d wil
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fugitive solvent. The viscosity of the thernpset resin

| SOBRipkiBR A gPetANkeen 200 and 2000 centi poi se. [0025]

A hardener which is incorporated in the liquid resin

sl0027] be |Aztemting fohadrtairsembadiatnts/aicgcloaliphatic epoxy resin is
tenperatures greater than about 1000C. The specific

heoralsingd with SRitarttharddrier adef E@itg stalgst in dreameunt sufficient
which is conpatible with the solvent properties, as

eI Minirdizk Yeros SiomYesel &R | 108°CAor 1884 thaM 1 By arérenaiour and to
systemthat delays the start of crosslinking to above

18RWCat 1e283¢ 9895 cRASIMKIRY A at RritRritard bful78fd Yior 45 minutes.
sati sfactory.

Curing catalysts and hardeners for use with the liquid cycloaliphatic epoxy
resins may be selected from materials which are known to those skilled in the

art.

[0028] It is preferable that the resin be substantially free of alkali and
halide ions. If such ions are present in the cured adhesive product in a non-
hermetic environment, they can migrate to the bond areas, resulting in

undesirable conditions including corrosion.

[0029] According to certain embodiments the binder is limited to less
than 10% by weight of the thermal adhesive (prior to curing) in order to allow
for a high percentage of conductive filler to be used.

SOLVENT

[0030] A solvent used in the thermally conductive adhesive formulation

is preferably characterized by the following general properties:



[0026] The latency of the curing or crosslinking is a

key paraneter of the system OCrosslinking nust be
waledoapesdssuf ficiently in tenperature to all ow BCT/US2008/009851

sufficient anount of the solvent to be extracted or

dried fromthe adhesivematrix. If too nuch

crosslinking occurs before the sol vent evol ves from

t he a esive

the aid Por faasurs A RS0 8 ABenoy BRGTP oBIF o the

fromc €S| i nki g? Thus, the relati onshl p between the
v‘HB%%'"B? EERNESYFAny soI vent used and the | atency of

the cr nki ng i rtant 0027] According to
cert ai XT&%@S'Q 'Pg%'Pﬁ'L?a 2 ‘l'?etpoxy resinis
conbi ned W|th a |l atent hardener and a curi ngﬁ( ataq% .
in an Ameorklead|ng.i Q. ea slighlyRalrngovent wibs3q PH@a feggion
1000C to |l ess than 15% after 1 hour and to al

| is gesiratiiede PiyRYZentor Rieedingat thepdpgfithe die ait?sla:f "?toand

45 m nutes. Curing catal ysts and hardeners for use -
with tdlemodgrate ¥3rRAroRrEssHER; i te-ep Spivend that eap he Iargely
selected frommaterials which are known to those

swattactayl fromtthe matrix wigoelyaled temperattiasawithin tshpractipdl time.
resin be substantially free of alkali and halide ions.

| (Sobvwents witm yaporeprpsswerin thenranige of (-@H0H2hsynklg @rafiGdhave
in a nonhernetic environnment, they can mgrate to the
bmeesh @sedasith swebs) ng i n undesirabl e conditions

i ncludi ng corrosion. [0029] According to certain

o3 et switthe ttlsaddrametdrs, B Wik VafielySSfSsolvents can be used,

including, for example, alcohols, ethers, esters and ketones. Non-soluble
solvents tend to separate, increase the viscosity,A and yield‘ a poorly cured
structure with the liquid epoxy resin based adhesives. The specific degree of
solubility is not critical, although the less soluble solvents tend to dry or extract
from the system more easily with heat. If the vapor pressure of the solvent is
too high, the solvent tends to evaporate from the adhesive paste during
preparation and storage at room temperature and hence increase the
viscosity and degrade dispensing properties. If the vapor pressure is too low,
the time required to extract or dry the solvent out of the resin matrix is
impractically long. When the adhesive is under a large die, the rate of drying

is further impeded, making the choice of solvent more critical.
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than 10% by wei ght of the thermal adhesive (prior to

curing) in order to allow for a high percentage of
waeoeovdioezi’sve filler to be used. SCOLVENT [ 0030] BCEHUB20081009851

used in the thermally conductive adhesive fornul ation

is preferably characterized by the foll ow ng general

properties:1) non-reactive with the resin, does

nﬁiggiiome art of the crosslinked epoxy s ste
p bl y FoReembedimants susing| thermaplastisi mer ts)e solvent

non-bl eeding, i.e., a slightly polar solvent with sone
sshouid: ber shesem sheh that mﬁ)ltbemn*ﬁsrﬁlpnblzdelt lige imgalehle g the
at the edge of the die attach fillet; and 4) noderate
vegi@ntpressure, i.e., a solvent that can be largely
extracted fromthe matrix with el evated tenperatures

V‘[O@%B] a prijgt éﬁ@élf é 'sHﬁent( §HJ>M8 ”Sé s\é'letcﬂad’ 38 0thaP Infost LkEfethe

in the"range of 0. have been used

Wdiert UaR Spcrlefe[r&gf gj'r]aa?é\"tthéﬁ‘ da? Cﬁsl nc?ﬁ’ | ngeffo?lg the VddHesive

varlety O sol ven can be use

ifg@ﬁ‘g() f Ie So?i\gﬁlfc%{‘&’bgsl nkitgCoce dlmgng?\fent exhractlon is

ents eparate, | ncrease

Vﬁc?tcé?ﬁf dight %dc%sgll rggﬁqegg Yra Yhé %oﬁfe@yg gff:ee ‘(ﬁ’!tr‘i)p ctarﬁglng

qui d epoxy Tesl n ves

I, e, NN A s oS B o
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15% such that most of the solvent is evolved. Solvents found to be |
particularly satisfactory in the present invention are terpene or ester alcohols.

According to certain embodiments the solvent has a vapor pressure
sufficiently high to allow greater than about 75% of the solvent to evolve

during a 100°C. prebake for 1 hour from under a die size of 0.400 inch per

side.

[0034] The use of a solvent is preferred because the solvent can
reduce the viscosity of the adhesive paste, permitting a higher loading of filler.
Higher filler loading can be desirable because the resulting cured adhesive
product can exhibit lower electrical resistivity and higher thermal conductivity.
According to certain embodiments, the solvent is present in amount ranging
from 4%, up to 7% by weight. However, useful formulations may also be
prepared as solvent-free adhesive compositions.

FILLER
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too high, the solvent tends to evaporate fromthe
adhesi ve paste during preparation and storage at room
w0 eompeeEBUr e and hence increase the viscosity BOTUS2008/009851
degrade di spensing properties. If the vapor pressure
is too low, the tine required to extract or dry the
sol vent out of the resin matrix is inpractically |ong.
en tTe adhesive is under a large die, the rate of
mm-?a i s fltietfHler inclgderea mixtie atHeasthtwa diffgrent powders
solvent nore critical. [0032#] For enbodi nments using
tNﬂ'lqmbltBthh@"maid@akQ He of dhey &M diﬁﬂmmtdm)%defﬁd‘@é\rﬁ%lfhthe
that the thernoplastic binder is insoluble in the
sprefesied. ehdBgignenth @re padistantially | thensamro (iled, Iséver), the two
sel ected so that nost of the solvent, and preferably
opaveders diffexrin qOtysicak preopertiast edhé fiden inckuded e first powder that
matri x before any significant crosslinking occurs. I|f
tess & tdpvderisitybetveedn 47 arsl $12tg/anT and asotface beea to mass ratio
crosslinking can entrap the solvent in the matrix,
Ceatweey (/04 dend 0.17hen2lgoadd i nseaot [3iver polwder that has a tap
Preferably, the conponents are selected to limt
Cdersity | batveen (§.2 tdrel 1665 ighcritiand da isurfacel ardayionehadse ratio of
| ess than about 15% such that nost of the solvent is
eysveens - 0.59! aedt 319 omby. tACdardiR@Itbi 6ettdin | ¥mbodiments of the
satisfactory in the present invention are terpene or

SRv&tiodl @QORAbSef techlirfidadated p&r trmt ﬁa%%bWth@Eﬁdanhﬁowder
sol vent has a vapor pressure sufficiently high

S e g v B v, s
STHe it pBwdBP ah@ ¢ BEEond powder are preferably silver. Alternatively,
one or both powders are selected from the group consisting of gold, nickel,
copper, aluminum, zinc, tin, palladium and platinum. Generally, low surface
area to mass ratios can be achieved by using powders made up of particles
that having aspect ratios close to 1:1. However, according to embodiments of
the present invention the second powder which as the lower surface area to
mass ratio includes oblong particles. Generally speaking, oblong shaped
silvers and/or a combination of flakes and oblong shaped silvers provide the
highest volume loading of the filler in the paste. A combination of two powders
having well separated average particle sizes, one large and one small, have
been found to be particularly satisfactory. Stated another way a filler powder
with a multimodal (e.g., bimodal) particle size (and surface area per unit

mass) distribution has been found to be particularly satisfactory. According to

certain embodiments the multimodal (e.g., bimodal) surface area per unit
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side. [0034] The use of a solvent is preferred because
the solvent can reduce the viscosity of the adhesive
w@awvms7per mtting a higher | oading of filler.PE&i/yhmns/ 009851
filler loading can be desirable because the resulting
cured adhesive product can exhibit |ower electrica
resistivity and higher thermal conductivity. According

g HlBH IR S ek S sk S e e 56T B ps vaiue
| f lati I b d .
U554 HsebAnTHb R REA RSBy AR SR SRR e g o vt
oRhnE e St HeR, e bt GRS Vel s OP PRSP surface
di fferent. powders can, and i{n the preferred enbodi nent
a?rgaﬂ%é’f'ﬁﬁﬁsélvlai’et'ﬁ@t%% f-.e., silver), the two
powders differ in physical properties. The filler
| [0036¢s a AGr dtispawetsctrohanichapaph tofandexaenple dfethecatove
4.7 and 8.2 g/cnB and a surface area to nmass ratio

brentaredOfigt typedofsillér pBivdennsed: irs entbodinsenity @f thenlention.
that has a tap density between 3.2 and 6.9 g/cnB and a

sTiné sihver pomiier Ghaadsin BIG. 01 irfcldekvatsond paficRisd1(2 hithin the
n2/g. According to certain enbodi nents of the

| fisl¢of view. a ratio of the surface area per unit nass

of the second powder divided by the surface area per

L1637 oL 5! 41 SehBAURcidah o S5 bef Bl e above
Sﬁ'\lex%ﬁedAéetc%F\ t;i>é/ %} Liver powder that is used in combination with the
silver powder shown in FIG. 1 according to embodiments of the invention.
Note thev differences in the scale of FIG. 1 and FIG. 2 indicated by the 10
micron line in each FIG. The average particle size shown in FIG. 2 is
substantially smaller than the average particle size shown in FIG. 1. The
powders shown in FIG. 1 and FIG. 2 would each be largely responsible for
one distribution peak (mode) in the multi-modal particle size distribution of a

mixture of the two powders.

[0038] FIG. 3 is an electron micrograph of a third type of silver powder
that can be used as an alternative to the silver powder shown in FIG. 2 in
combination with the silver powder shown in FIG. 1 according to embodiments

of the invention.

[0039] The particles of the powder shown in FIG. 2 are platy shaped in

contrast to the particles of the powder shown in FIG. 3 which are more
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one or both powders are selected fromthe group
consi sting of gold, nickel, copper, alumnum zinc,
wao 2w9/opsBt adi um and pl ati num General ly, | ow sPCT/ESm08/009851
area to mass ratios can be achieved by using powders
made up of particles that having aspect ratios close
to 1:1 . However, according to enbodi nents of the

2%@?&@?;@%%5% 3R nblE raléﬁ%%@%ﬁ?%ﬂéﬁﬁé’ﬂc’%ﬁg@}aﬁ??c tifibted
THAER Bty RRER < M cOARASRIALE o LS FRSS B 1 therma
P oA B S P8 B8 bRFbb Yok
SRR e Vtﬁé%ﬁ%&jﬁ%w‘o%ja?léi??n@%ﬁ Byoe and ene
' . S fill wd ith

RBhNPESG (o g, - bimodal) particle size (and
surface area per unit mass) distribution has been
f[@0W0] 0 barapious i additivelsy camt bes feaatbimed wAthc dineli pagteso of the

certain enbodi nents the multinodal (e.g., binodal)

spreéenteingestiorp s enhiaho@ certdirs progeriesonf fthe adHeisivet such as
peak at a first surface area per unit mass value and a

seaulds BPalastdityaresftiiedd sard theemalicondpetivityni t  mass
value and a ratio of the first surface area per unit

G4V 01 i g S R SR S
LR SRS HERU AR % P8 BRI ool Biome sever
SRR g e BV o Rl BN of UG anc
substrate. The shear stress developed is not only a function of the thermal
expansion mismatch of the adjoining parts, but also of the modulus of
elasticity of bondline material, i.e., the die attach material. ‘Thus, it is very
desirable to design the cured die attach material with a low modulus
(resiliency) to absorb the stress created by the typical expansion mismatches
of the die and the substrate. One way to accomplish this is to add small
amounts of lower modulus elastomers, rubbers, silicone, thermoplastics, or

the like in fine particle or liquid form.

[0042] Thermoplastics, in general, are much lower in modulus than
thermosetting resins. The advantage of using thermoplastic powder is that it
also contributes to the bonding by melting and forming an interpenetrating

network (IPN) within the epoxy resin matrix.
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field of view [0037] FIG 2 is an electron m crograph

of an exanple of the above nentioned second type of
wa@Rlogmes7ppwder that is used in conbination w tPCT/H82008/009851

silver powder shown in FIG 1 according to enbodi ments

of the invention. Note the differences in the scale of

FIG 1 and FIG 2 indicated by the 10 mcron line in

eac gLG The average particle size shown in FIG 2 j Sh
s&dj‘l t i aMnglesipahle gpoxy gesinhlegd amihe g49eiQf| @ dgpegit has
shown in FIG 1. The powders shown in FIG .1 and FIG
BofReiimesebesn aé‘un%trog\éfprqbéﬁmcm@i piics arbr Byfe use of very high
di stribution peak (nopde) in the nmulti-nodal particle
ssurfacei areni Boe i pattides,athig xesin dlegd was cyitailggwderthe present
[0038] FIG 3 is an electron mcrograph of a third
tipyantioh, sierw dighhsudace tdrea silar @pdusilich £anabe used in small
alternative to the silver powder shown in FIG 2 in
camblnta tto @tieviatenthishpratilémerTegomieh afttberven highGsurface area
according to enbodi nents of the invention. [0039] The
peedditivel weuldfintriease dhel ediscobityvexcessiMely of cauld adversely impact
shaped in contrast to the particles of the powder
Spustrcurd grofertids Vduchhagireondoctivitp hand @ahesionshapeapprdpriate
have average aspect ratios closer to unity. It is

nghedhttid it the raagdbnetivpto 0.0% readuitiale isenatirepridurits of-Viscosity
1 and FIG 2 in the thernal adhesi ves di scl osed herein

Yhedides (Melriey)a§6its)) isuBk Geasth@adellBIRBE ScdrhBeé ircorporated in
conmbi nati on of the powders shown in FIG 1 and FIG 3.
the composition to reduce edge bleeding. Typically, about from 0.5 to 1% by

volume can be used effectively.

[0044] A small amount of fine conductive powders or fibers such as
ceramics, diamond or other carbon-based materials can also be addéd to
enhance the silver particle to particle thermal interface, thereby increasing the

thermal conductivity of the cured adhesive.

[0045] Plasticizers and tackifiers can also be added to the thermal
adhesive.

EXAMPLES 1-7

[0046] This invention is now illustrated by certain representative
embodiments listed in Table | below. The examples are intended to be
illustrative only, and modifications and equivalgnts of the invention will be
evident to those skilled in the art. Examples 1-7 listed in Table | had a

Cycloaliphatic epoxy resin binder, alcohol solvent, fumed silica and ethyl

15



ADDI TI VES [ 0040] Various additives can be conbi ned
wWith the pastes of the present invention to enhance

wa@eowar3iTsproperti es of the adhesive such as norit/us200$/009851

elasticity, resin bleed, and thermal conductivity.
[0041 ] In attaching larger area silicon dies to a
substrate, the interfacial shear stresses devel oped at

SPRR e e LARE I SOIR L1008 i e
e S g
T3 e AR5 08 8 e il o

eat ach terlal it 1s ver esir.

dbSrealy; irendinida aﬂ@e%aV%%cw«erﬁatpé??agﬁxmﬁvhuansoﬁ?e hermally
m)dul us (resiliency) to absorb the stress cpeated b
tFRRapgliecadh eéazfﬁananoamﬁv@rﬁt7én&4'n§f<1ﬂﬁevldp@ ERcPange 0250
substrate. One way to acconplish this is to add snal|
dRouff- 35 grm) silicen e touan @lumingnisbstrate, finying, the samples at
silicone, thernoplastics, or the like in fine garotlc e
oH10°Cqfard69 dnmute{somi@yvevhby rdpreas tthe ssampleg eite 2EP°C dofe 30
much | ower in nodulus than thernosetti n? resins. The
dvinsitasagRamples $husgprenaiedoperasised feroshear faree apesion testing.
al so contributes to the bonding by nelting and form ng
A0047Pr Pent rédti Ret Mol KedridthAliviv, tﬂieﬁnbh&ilmww pellets

resin matrix. [0043] Undesi rabl e epoxy resin bl eed on

theasiftty 0f5" q199PAMAY iM@fmeter and 0.125” (3.175 mm) thick were
molded in a Teflon mold. These pellets were dried at 90°C for 105 minutes
and cured at 200°C for 60 minutes. The test method specified by ASTM

E1461 was used for thermal conductivity testing via laser flash.
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soneti nes been a functional problemwth prior art. By
the use of very high surface area, fine particles,
wao biog/028T n bl eed was curtailed. In the presenpCT/US2008/009851

i nvention, very high surface area silver and silica
can be used in small anmobunts to alleviate this
problen1 Too much of the very high surface area

?%Eye woul d i ncrease the viscosity excessively or
cou adversely inpact post cure properties such as
conductivity and adhesion. An appropriate anmount is in
the range of 0. 1@bto 1. O@bln addition, small anounts

,|veysm1ﬂb¢e3| ty—odi-fers \t pckenng ddylllb s Sugh HSomparative
et hyl cellul ose, can|be incorporatedfin the o1
conposi tion to reduce edge bleeding.|Typi¢ally, ab8&tre

WCARINGr, AD(5.5-01 g&fr; DY5-0/B1[BSTE | 6N | e (Ised| &f T e¢Bo VEky .
[.Q 44] A smal | arount| of [fing comductive powders or
fi ers such as ceramjcs, |di apond|or ot her |car bon- based

nitesiverdt §-2¢a8ca1089'Pe added {o emhance the’Si | er
p,aergﬁl cle to particle|thermal [interface, thereby
the thermal conductivity of the cured

FLE PR CCPOETEL " B R4 T cff Per $%and®t ab® fi érs gan al so
oe’/g)added to the thermal adhesi

ve| EXAMPLES 1-7 [0046]
LLI uct At odl hys ocort i on
A ] . UoSTt Al T .lJy ool U qar i1l 50
representative errbodl nmen{s |l{sted in| Tabl ¢ | bel ow.
ThE® exanpl es are intended tol|be
Wt.% silver D (3.2-5.7 g/cm?; 0.30-0.75 50
m?Ig)
Silver to binder ratio 95/5 | 95/5 | 95/5 95/5 | 95/5 95/5 | 95/5 9317
Electrical resistivity (1Qcm) 65 |59 |50 54 | 54 51 |78 |69
Thermal conductivity (W/mK) 716 | 88.1 97.0 947 | 94.5 724 | 743 55.4
% porosity 15.0 | 17.0 18.5 20.1 19.7 253 | 215 275

Shear adhesion of 0.25" silicon die to | 2295 | 2659 | 3082 | 2685 | 1826 2036 | 2914 | 2760

alumina (psi)

Failure Mode (% cohesive) 55 10 80 80 100* 95 100 50

* Plus die fracture

[0048] Table | above depicts that a blelnd of fine and coarse thermal
filler can afford high thermal conductivity adhesives with optimum packing or
relatively low porosity. In Table I ‘Silver A’ refers to the silver powder shown
in FIG. 1, ‘Silver B1’ refers to the silver powder shown in FIG. 2 and ‘Silver B2’
refers to the silver powder shown in FIG. 3. As shown in the table all of the
examples had in excess of 94% silver, in particular 95% silver. In the
examples silver A is at least 30% of the total weight of silver A and silver B

combined. As shown in the table the thermal conductivity of examples of the
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illustrative only, and nodifications and equival ents
of the invention will be evident to those skilled in

w0 b@omei787 Exanples 1-7 listed in Table | had aPCT/US2008/009851
Cycl oal i phati c epoxy resin binder, alcohol solvent,
fumed silica and ethylcellulose, the latter two being
rheol ogi cal additives. The thermally conductive

I EtoOHE Sh&Mn Sk EBILfThs 17 V& nﬂé&pﬁgﬁ Ic%’f\k}{f%h@ﬂ th&¢ the

reS| nto the solvent, then ad ing t powder

:Iafﬂgﬂ m xi ng. Test sanpl es using the
errm?fwyé conducti ve adhesives were prepared by using

trfbeoégfrrmll conductive adhesive in an anount of 75
2 (F 1465rﬁﬁ§ﬁtﬂa”a! &laygtian yiey @ m@nU(@t@Sdnﬁf}'de
silicon die to an alumina substrate, drying

19| Ehe grticiel 40¢ indudesna firstrast 493 aﬂtme@l tgya §%¢Qﬂ§‘npaft 404

the sanples at 200 OC for 30 m nutes. Sanples thus
pisigar ameantof@r adhesive A8G forfraated aderrdingriottae teaplings of
[0047] To test for thermal conductivity, thermal

chef inventiany pEhe dirst paesd02 ncar0 f& ekample wojnprise an active
di aneter and 0.125" (3.175 nm thick were nolded in a
Telédtoomicrot dpto@leetenipalevices ang tke decord part 904 Cah dor éxeinple
m nutes and cured at 2000C for 60 m nutes. The test
nenimprisespsubstratasinh #5aiViakitditd, eappensed priated diruitddoard for
conductivity testing via |aser flash. TABLE | * Pl us

chaniplecThe adh&vE 08 pbdvidds fabgued Heat warsférfrdm ahdfisst gart
of fine and coarse thermal filler can afford high

1402 torthe 6atsHachary 404 and lirsrely g effedtivelyCiowsLiie Rsraseraturerise
relatively |ow porosity. In Table | '"Silver A refers
toF thé Arst ipht 1020 VBEEKMAEPR WMany electronic and optoelectronic devices

require or benefit from operation at relatively lower temperatures.

[0050] In the foregoing specification, specific embodiments of the -
present invention have been described. However, one of ordinary skill in the
art appreciates that various modifications and changes can be made without
departing from the scope of the present invention as set forth in the claims
below. Accordingly, the specification and figures are to be regarded in an
illustrative rather than a restrictive sense, and all such modifications are
intended to be included within the scope of present invention. The benefits,
advantages, solutions to problems, and any element(s) that may cause any
benefit, advantage, or solution to occur or become more pronounced are not
to be construed as a critical, required, or essential features or elements of any

or all the claims. The invention is defined solely by the appended claims
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in FIG 1, "Silver Bl' refers to the silver powder

shown in FIG 2 and 'Silver B2' refers to the silver
w@owdees7shown in FIG 3. As shown in the tabl erel/USmDS/009851

the exanples had in excess of 94%silver, in

particular 95%silver. In the exanples silver Ais at

| east 30% of the total weight of silver A and silver B

IBRkRe %sv%n%&"rﬁ%&v%% g0 e e G %‘f‘kh'smpphcatwn and
cql u d si nlflcantly better than the
agLFpoéi’ zﬁl?@ﬁogﬁ'gﬁﬁlcge g I G 4 is a sectional

el evation view of a nanufactured article 400. The
article 400 includes a first part 402 adhered to a
second part 404 using an anmount of an adhesive 406
formul ated according to the teachings of the
invention. The first part 402 can for exanple conprise
an active electronic or optoel ectronic device, and the
second part 404 can for exanple conprise a substrate
such as an alum na, copper or a printed circuit board
for exanple. The adhesive 406 provides for good heat
transfer fromthe first part 402 to the second part
404 and thereby effectively allows the tenperature
rise of the first part 402 to be |imted. Many

el ectroni ¢ and optoel ectronic devices require or
benefit fromoperation at relatively | ower
tenperatures. [0050] In the foregoing specification,
speci fic enbodi nents of the present invention have
been descri bed. However, one of ordinary skill in the
art appreciates that various nodifications and changes
can be made w t hout
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departing fromthe scope of the present invention as
set forth in the clainms below Accordingly, the
wa@p@eioti7eati on and figures are to be regarded POT/ES2008/009851

illustrative rather than a restrictive sense, and al
such nodifications are intended to be included within
the scope of present invention. The benefits,
advant ages, solutions to gijggﬁgs, and any el enment (s)
that may cause any benefi ntage, or solution to
occur or become nore pronounced are not to be
construed as a -critical, required, or essentia
f¢%§§ges or elements of any or all the clains. The
i Mon is defined solely by the appended
cl ai msi ncl udi ng any anendnents made during the
pendency of this application and all equival ents of
those clains as issued. CLAIMS W claim 1. A thernal
abhesiA/thegpaladhesivg. commiisiNgr: a first netal powder
having a first surface area to mass ratio between 0.04
and 0.2linder;7g: and a second metal powder having a
second surface area to nass rati o between 0.59 and
2. 19 efirgt metal pawdenbaving a distsurface awadodnasgs nago betwesn
1 wherein said first surface area to nmass ratio is
H204and 001 DM /ghand. 15 n2/g. 3. The thermal adhesive
according to claim1 wherein a quotient of said

a second metal powder having a second surface area to mass ratio

between 0.59 and 2.19 m#g.

2. The thermal adhesive according to claim 1 wherein said first surface

area to mass ratio is between 0.05 and 0.15 m#/g.
3. The thermal adhesive according to claim 1 wherein a quotient of said
second surface area to mass ratio divided by said first surface area to mass

ratio is at least 4.0.

4, The thermal adhesive according to claim 1 wherein said first metal

powder is silver and said second metal powder is silver.

5. The thermal adhesive according to claim 4 wherein said first metal

powder comprises oblong particles.
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second surface area to nmass ratio divided by said

first surface area to mass ratio is at least 4.0. 4 .
wab@onksnal adhesi ve according to claim1l wheP€/nSmas/ah9ss1

first metal powder is silver and said second netal

powder is silver. 5. The thermal adhesive according to

claim4 wherein said first netal powder conprises

B o m TR INBI F0Zpye AErBrglD D R LS b e
b 7., Th h I

il W‘@ %tct\ggﬁjgpﬁ@’? 8F3I4% %"m%lf’w salg tseicraﬁ

netal powder has a tap density between 3.2 and 6.9

g/cnB. 8. The thermal adhesive according to claim4
wherein said first metal powder is at |east 30% of a
total W tgﬁvnairadaswe@pﬁgrplr\séma"pm?reahaa'e £egond metal
second netal powder. 9. The thernal adhesive according
tRPVdetings 2 tﬁgrdﬁﬁﬁlﬁy Q@WS?P& %e"%6§00/9@\1t 10. The
thermal adhesive according to claim9 wherein said

bi nder consists essentially of a thernoplastic

polymer. 11. The thermal adhesive according to claim?9
wher eiThetthermalladbasive aceardingtte glaimahwhereinysajd first metal
consi sting of terpene and ester al cohols. 12. The

t povdedlis atleesti 305 ata dotdl wqghbofcslaa:l fins mettal peimdes and said
bi nder is |ess

second metal powder.

9. The thermal adhesive according to claim 4 further comprising a

solvent.

10.  The thermal adhesive according to claim 9 wherein said binder

consists essentially of a thermoplastic polymer.

11.  The thermal adhesive according to claim 9 wherein the solvent is

selected from the group consisting of terpene and ester alcohols.
12. The thermal adhesive according to claim 9 wherein said binder is less

than 10% by weight of said thermal adhesive; and

said solvent is less than 7% by weight of said thermal adhesive.
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than 10% by wei ght of said thermal adhesive; and said

solvent is |less than 7% by wei ght of said thernal
w@oddves2arer 13. The thermal adhesive accordi ng tRPCT/US1008/009851

12 wherein said solvent is at |east 4% by wei ght of

said thermal adhesive. 14. The thermal adhesive

according to claim 12 wherein the sol vent has a vapor

ot ¢ Eﬁgeotﬁ“f v SoBeaE ecline tn OB L e B0 ERCp

our er a jze of 0.400 inch per side. 15. The
ﬁ%? 62 @ég? A 3dPES¥®-ai m 1 wherein said
blnder |s a thernnset I|qU|d material. 16. The thernal
adhesi ve according to claim 15 wherein said thernoset
Iqu|d mat eri al conprises a cycloaljiphatic

r¥#si n. Theherpal adhepiva acaemEg to& IV whwglrt @ea%\f%t hgs a
wherein said thernoset liquid material _fur

C\APOF PERSSUES wfﬁmwgtlycrag'amjguow qwatemeam K‘é?m%ﬂ thaaﬂlé@m@
according to claim1l substantially free of solvent.

18v0lve duringra 1 0Qghersbalse fasripaqusiunger a dist size ef 0.40Rwach per

powder having a nultinodal particle surface area to
nside ratio distribution.20. The thermal adhesive
according to claim19 wherein sai-d netal powder has a
bi nodal particle surface area to nass ratio

di stri bution.

15. The thermal adhesive according to claim 1 wherein sald binderis a

thermoset liquid material.

16. The thermal adhesive according to claim 15 wherein said thermoset

liquid material comprises a cycloaliphatic epoxy resin.

17.  The thermal adhesive according to claim 16 wherein said thermoset

liquid material further comprises a curing catalyst.
18.  The thermal adhesive according to claim 1 substantially free of solvent.
19. Athermal adhesive comprising:

a binder;

a metal powder having a multimodal particle surface area to mass

ratio distribution.

22



2 1. The thermal adhesive according to claim19

wherein said netal powder consists essentially of
w@do9mes7822. The t hermal adhesive accordi ng torPCT/asromwd/@9ss1

wherein said distribution has a first peak at a first

surface area to mass ratio and a second peak at a

second surface area to nass ratio and a quotient of

S@cgnﬁ'hsﬁb?ﬁ%f@f‘ga'@%g’%ﬁ@ﬁ@’@t 4 {PwflbieSaRersPbbluder
Tois 4 IS lPeEG R S APl dhd Bt B e

ratio; and a second netal powder having a second
surface area to nmass rati o wherein a quotient of said

fl ace area to nmass rati vi ded by sagid

G ond eitheeal TP asive soRuaing e 19 whetelsaid sesal powder
A net hod a nmaking_a thermal adhesive conprising:

(ORSISH ?@seat'%'FYereﬁ"Ve’prOV| ding a first netal powder
having a first surface area to mass rati o between 0.04
and 0.17 n2/g; providing a second netal powder having a
second surface area to nass rati o between 0.59 and

229 nigegtherma adhasive agrosding teiotaier 19 gmecﬂelﬂusasd digdrilytion

powder and said second netal powder.
has a first peak at a first surface area to mass ratio and a second peak at a

second surface area to mass ratio and a quotient of said first surface area to

mass ratio divided by said second surface area to mass ratio is at least four.

23. Athermal adhesive comprising:
a binder;
a first metal powder having a first surface area to mass ratio; and
a second metal powder having a second surface area to mass ratio
wherein a quotient of said first surface aréa to mass ratio divided by

said second surface area to mass ratio is at least 4.0.

24. A method a making a thermal adhesive comprising:
providing a binder,
providing a first metal powder having a first surface area to mass ratio

between 0.04 and 0.17 m?/g;
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25. The nethod according to claim24 further

conprising: providing a solvent; and conbining said
wbpondees7and sai d sol vent. 26. An appar at us conpei/ss1g8/009851

a first part; a second part; a thermally conductive

adhesi ve bonding said first part to said second part

wherein said thernally conducti ve adhesi ve includes:

bi nder roﬁduf'\é r ac‘tseggﬁ@ T&gy\ﬁg{ydgﬁ}ﬁéoggaa %?E%Sj %Unfa@g earea to

area to nmass ratro
second .net r ond surface area to
eSS b et R i 386 e o

combining said binder, said first metal powder and said second metal

powder.

25.  The method according to claim 24 further comprising:
providing a solvent; and

combining said binder and said solvent.

26.  An apparatus comprising:
a first part;
a second part;
a thermally conductive adhesive bonding said first part to said second
part wherein said thermally conductive adhesive includes:
a binder;
a first metal powder having a first surface area to mass ratio
between 0.04 and 0.17 m?g; and
a second metal powder having a second surface area to mass

ratio between 0.59 and 2.19 m?/g.
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