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ADHESI VE COMPOSI TI ON W TH SMALL PARTI CLE SI ZE ' 1PO% FOR
M CROELECTRONI C DEVI CES 5 This invention relates to an
adhesi ve conposition containing small particle sizes for use in

m €r oel ectroni c devi ces. It has been disclosed in US patent
.nunber 5, 488, 082, that adhesive pastes for attaching silicon dies

onto ceram c substrates can be prepared 10 fromat |east one organic
pol ymer resin, inorganic | | er itive whi ch

‘the resin and the fill éPHgﬁ'é/’p%%\& Tprﬁ" g'ﬁ'?"\‘!ﬁlr'-a?‘gﬁ'%'?@@ﬁ smal | enough
size to pass through a nunber ﬂsoé%c DENFESh which the fugitive

| iquid and organi.c polyner resin are substant ially insoluble in each other.
The polyner ig preferably a thernoplastic pol yrrer but may be a 15

combi nation of a ther rﬁ%‘.ﬁb%hﬁo% leje%{' na%Fnl lv%c% os o%ectrgglﬁilt%g %Xpr ovi ded

that the thernoplastic nature o I"e I's P ESErY I mum
particle size forpa;t,tq,g s%gfapbéé "pg,gcyggpeuargrgcs%glcéss that particle size that can

pass t hr ough mesh screen preferably t hrough a 400 nesh

screen. It hEQQééh P8 AUt hidser 8488, b6 thal Lhhedild aChi ng
sem - conductor 20 chips or dies to a substrate. The paste Is applied to

a surface of the pastbstor atta@hing silicon die® ofte céfamicdQbdrates R8n B srebdted
sem - conduct or conponent is placed on the bond line so that the

paste is betvieen fiolnat iiast oae drgahie palyrherrési, Grorghhic Silles] 8 alfi@tive liquid, in ~ assenbl y
is then heated to a sufficiently high tenperature for a sufficient time

so that the ther whjghdwtresin emsthefileoére presestirdpdnticuatedernt ofisivall amaligh he | qui d

25 evaporates fromthe paste. The assenbly is cooled to a tenperature

bel ow whi &iFe trrass Repugh gindber 32p olesnearedpedrsiie whish thedugitvs ul ting i n t he

bonding of the . : N ,
liquid and organic polymer resin are substantially insoluble in each other.

The polymer is preferably a thermoplastic polymer, but may be a
15 combination of a thermoplastic polymer and a thermoset polymer, provided
that the thermoplastic nature of the blend is preserved. The maximum
particle size for the organic po]ymer resin is that particle size that can pass
through a 325 mesh screen, and preferably through a 400 mesh screen.
These paste compositions are used for attaching semi-conductor
20  chips or dies to a substrate. The paste is applied to a surface of the substrate
to form a bond line and the semi-conductor component is placed on the bond
line so that the paste is between the die and the substrate. This electronic
~ assembly is then heated to a sufficiently high temperature for a sufficient time
so that the thermoplastic resin softens and becomes fluid and the liquid
25  evaporates from the baste. The assembly is cooled to a temperature below |
which the thermoplastic polymer becomes solid reéulting in the bonding of the
micro_circuit to the substrate. The advantage of using this adhesive paste is
that the bond line is void free. Voids in the bond fine eventually can result in

adhesion failure.
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nicrocirbuit to the substrate. The advantage of using this adhesive paste

is that the bond line is void free. Voids in the bond |ine
eventually can result in adhesion failure. o _

2 = These pastes were tested as die attach conpositions using
8. 6mMm X 8.6mm (350m | X 350m) silicon dies (sem -conductor dies)
on a ceramc substrate. However, these corrpositionls have 3§aen shown
to have limted utili on netal substrates or on | arger die sizes,
particularly for sem -Thes%pasli%d%%@f% agflig attaeh compesitiond)eiha 8- 8mdoni | or

. Wh h ' . I d i astes are used on dies of
This iz, and partTBGHEan & Bamn g dRlgemieindiiy iRy TR ik o net o |
The i o cyet o e NG fio cobBRAGRL Rale i Wlin to nave imiplp s "1 € 210 T

the curing cycle for t esive. nor e

dh fTTeult Tor t i) gh hetePoubltbsbroR 176 R ized BafiBubitH def. N VoI ds. Al so.

the 10 di fference between the coe ent o expansi on (CTE) of
a netal 5 SUWRAdUCRF Biedbikided @bonif X AddRidr Srebér.l\ﬁﬁgﬁh%s-gmriﬁrén smat ch of CTE
pl aces the adhesi ve bond between the die and substrate in constant
stress and can  adhesivelpastes breiuSedlortdidddf Badeze2 Bt SEPECRBHY S lafyd-siz&hi S

conbi nation of factors, large die ~size and nmetal substrate, al npst
i nevitably | ead tdiesdbehdeditomeiabsubstfatésithedics deldinatelor espardiefroiet r at e.
Del ami nation is a critical problem especially for those circuits that
have hi gh pover, subsrateaitecthe euring gycléfogthe hefesivgeTies latge dip sizephakesiti ons. | n
some instances, even if there is some del amnation, the mcrocircuitry
silicon cingpe gifficyli fer the fugitivedintidrio essape awbich Irésylthio noidsl Also, thee
substrate. However, when
10 difference between the coefficient of thermal expansion (CTE) of a metal
substrate and that of the die is large. This mismatch of CTE places the
adhesive bond between the die and substrate in constant stress and can
result in die warpage and delamination. This combination of factors, large die
size and metal substrate, almost inevitably iead to delamination of the die
16  from the substrate.
Delamination is a critical problem, especially for those circuits that
have high power, and consequently, high heat generating applications. In
some instances, even if there is some delamination, the microcircuitry silicon
chip or die will remain successfully bonded to the substrate. However, when
20  there is a high heat output, even a minor amount of delamination from the
substrate will detract from the ability of the adhesive to transfer the heat
generated in the circuitry into the substrate. Eventually, this could result in
device failure. Thus, there is still a need for improved adhesi\)e compositions

for use in attaching semi-conductor silicon dies, particularly large dies, to

25  substrates, and pai'ticularly to metal substrates. -

-
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20 there is a high heat output, even a minor anount of del amination from

t he substrate will detract fromthe ability of the adhesive to
transfer the heat generated in the circuitry into the substrate.
Eventual ly, this could result in device failure. Thus, there is
still a need for inproved adhesive conpositions for use in attaching
sem - conductor silicon dies particularly | arge dies, to 25 substrat es,
and particularly to ne{ strate

3 Thi s 'i'sn'i}‘éﬁ‘i 9Ny an E"Pé‘ﬁ’ei’ ﬁﬂieaweaoe%m@gn prePas e At i on

prepared from at gani c i horgani c

filler, and a fugi%sit ?/nee cir%]a%" pé)ly%e?resm an inor, iﬁie% ﬁ%J ?Fjauyejliqaﬁdm?rh g?m ; din
pol ymer resin ar g, &aGhe @@1@%8@ sd ﬁlkggly#{rﬂ'srgé i) %gél’{]s stgntiall)éinsoq

whi ch the inprovenent ¢ rise e'gmic pol yrner
resin be present hdiofe idi bR b AhdfbRmeAPldnfibds idtfe di Rkt dnd 25[6”1

or smaller. Adhesive conpositions so prepare can on dies 400m| X

400m | or great erorguhicTlyer 4R Bk prisER in'hartitidle fSrnbdtpbiicie Bize Hal @@5 pation.
A further enbodinment of this invention is an electronic circu

assenbly conpri sioigmalies.eAdhesion Edtidoditiordise pdpartdQarhé uQéd%QQne%bOrﬁiiXe or 10
- greater bonded to a substrate with an adhesive conposition prepared from at
| east one or gani copail yrgeeatereninietal aubstrites FRBUCsidrifich@idelamitatioh. f ugi ti.ve

liquid, in which the |iquid and organic polymer resin are each
substantial I'y insol ublAuitrer embodimertiotthistitventionasnah électrohic eircuithe at | east one
organic polyner resin is present in particul ate formof particle

size that is 25[ @ssqmbbfcomprising:a semixgnductor die of 400 riioX 4gumibsizes of thi s

specification, the organi c polynmer resin wll be
10  greater bonded to a substrate with an adhesive composition prepared from at

least one organic polymer resin, an inorganic filler, and a fugitive liquid, in
which the liquid and organic polymer resin are each substantially insoluble in
the other; and in which the at least one organic polymer resin is present in
particulate form of particle size that is 25 or smaller.

15 . For purposes of this specification, the organic polymer resin will be
considered substantially insoluble in the fugitive liquid if the resin is not
significantly soluble in the liquid, and if the liquid is not signiﬁcantiy soluble in
the resin. Significantly soluble means less than 20 percent soluble, and
preferably, less than 10 percent soluble.

20 The components of the improved adhesive composition of this
invention are recited in US patent 5,488,082, which is incorporated in full into
this description by this reference. In brief, those components are organic
polymer resins, inorganic fillers, and fugitive liquids that are not solvents for

the polymer resins.
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consi dered substantially insoluble in the fugitive liquid if the resinis
not significantly soluble in the liquid, and if the liquid is not
significantly soluble in the resin. Significantly sol uble neans |ess
than 20 percent sol uble, and preferably, Iess than 10 percent
soluble. 20 - The conponents of the inproved adhesive conposition
of this I nvention are recited in US patent 5,488,082, which is

i ncorporated in full i i s description by this reference. In

t Lt ) )
brief, those corrponent-'g‘egf"émﬁrrrﬁﬂ?ﬁ tgat can be used ) tigdpveptioniinpude pyr gani ¢

[ ] ' ' h ol yrer
];:a!s: ﬁ;s’ and qu'tlge'rr\rlxgselt quHér%%pIEQ%torg%Eig pg'lgf)r%ersocr)la?ﬁ}a Qotmsbirfagcr)n of thermose € poly

The pol ymer resi ngq ifiahonfiRc SfartSiethntels thiliste LRYGE T, B3 chB Glaide any .
g pol ymer or any

t hernoset or thernoplastic organic ny conbi nation of thernoset

and thernopl asti GoRlgRRidesiRal YAEprereln ﬁsﬁrﬁﬁlaﬁg Jr&é?mlicgné)h/ﬁ{:er &p,h] gegnd use

application desired. The preferred ther astic”or ol'ymer will be a

5 solid at bengeicd: Wnfbraurey i asthut o6iR IBrigriiGe ab W e UMb t he anbi ent
tenperature at which mcrocircuit electronic conponents operate, and one

that sof tens upomerfyedtire @t WiicremicBRsRMR arewoaicabmﬁawehmpb@ra;gﬁ@édér e at which
mcrocircuit electronic conponents operate to becone sufficiently fluid to

create an adhesi ¥t bafleds tpmin\heating tde tearpefatuneaiove thEhempiratirerat @pich her noset 10
organic polynmer will have a nelting or glass transition tenperature between
35[ err]-200[ er r ] Micrpgirgtiteledivonic bertpopents Birate td betGOCsuffinidntly luictor e, and a cure
reaction onset tenperature between 35-200[err]C, preferably between
50-1 50C;, and  create agfadhesivelpord hatweentibg ehmponenth eThe preéferredidarmosedt eri al t hat

provi des di nensional . . 3
10 organic polymer will have a melting or glass transition temperature between

35°-200°C, preferably between 50°-100°C, before cure, and a cure reaction
onset temperature between 35°-200°C, preferably between 50°-1 50°C; and
after cure will harden to be a thermoset material that provides dimensional
stability and heat resistance to the adhesive.

18 Exemplary and suitable thermoplastic polymers are poly(phenylene
sulfides), poly(ether sulfones), polyamides, polyesters, polycarbonates,
polysulfones, polyacetals, polyvinyl halides, polyofefins, halogenated
polyofefins, acrylic polymers, vinyl polymers and thermoplastic epoxy resins.
The polymers may also be copolymers of the thermoplastic polymers

20  mentioned or copolymers of the thermoplastic polymers mentioned with other
suitable thermoplastic polymers. Representative polyamides include
poly(hexamethylene adipamide), poly(epsilon-caprolactam),
poly(hexamethylene phthalamide and poly(isophthalamide). Representative

polyesters include poly(ethylene terephthalate) and poly(butylene

25  terephthalate). ' L ' —
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stability and heat resistance to the adhesive. 15 Exenpl ary and
suitabl e thernopl astic polyners are pol y(phenyl ene sul fides),

pol y(ether sul fones), polyanides, polyesters, polycarbonates,

pokysul fones, polyacetals, polyvinyl halides, polyofefins, hal ogenated

pol yofefins, acrylic polynmers, vinyl polymers and thernoplastic epoxy
resins. The polyners may al so be copolymers of the thernoplastic
polymers 20 menti oned or, copol ynmers of the thernoplastic polyners

nenti oned with ot her ep’efe"gq.‘i’ﬁli‘eé Peet pelEPerd Pillbe epexissopliireghanyRb pr esent at i ve

ol yam des inclu I exanet hyl ene _adi pa 'cﬁaﬁ L
Bol §( epsi | on- cap(rj(g‘ftg %’ﬁft,p%@m%g no%%?rﬁ%gggﬁ@% Wﬁ/’ﬁ?"@%e mgﬁag?ﬂ B and
pol y(i sopht hal am'lge,%e Repr-esent ati ve pol yesters incl ude _
pol y(ethyl ene terep t%alate) and poly(butylene 25 terephthalate).
5

The s RERE BAdahi@ MlePDR € breBH W HMcantdub to RfvoftRRX! €S, al though
Fg% e nt

any of t he thernoset polynmers known and us e particular end

application Ny percent. PAfterrsfbrganic fillers include silver, gold, (cB5Hef nicR@r gni ¢ fillers
are present in anounts up to 40 vol une 5 percent. Preferred inorganic

fillers include silibyser thogmetalsCaiifd, berilis, sfiba, shéh carbide, grapite0yYs of those
nmetal s; .alum na, beryllia, silica, silicon carbide, graphite,
tungsten car bi de,turigateh varbkié thariah étandie boronmitiidel, eminamwifiddaadi tri de, and
di anond. For conductive die attach adhesives, the preferred filler is
silver f | dieswnd wherchndugtieciid dtiactnadhesivasibe pretdried fitker & diledsl € i n
particle sizes of 25 [err] or
flakes, which typically are commercially available in particle sizes of 25 p or
10 less. ltis preferred that any filler used have a particle size of 25 p or less.
The fugitive liquid acts to suspend the organic polymer resin and
inorganic fillers for convenient dispensing and application. The pfeferred
liquids are nonpolar and have a room temperature vapor pressure of less than
about 50mm Hg and a low surface tension. Representative liquids are
16  aliphatic and aromatic hydrocarbohs, and glycol ethers and their derivatives.
The organic polymer or polymers will have a particle size of 25 p or
less. For reference of particle size in microns to mesh screen, a 45 p particle
i} corresponds approximately to a 325 mesh screen, a 40 p particle i
corresponds approximately to a 400 mesh screen, and a 25 p particle
.20 corresponds approximately to a 500 mesh screen. When the particle size is
reduced to 25 p or less, it has been unexpectedly discovered that large semi-
conductor dies, 400mil X 400mil or larger, can be attached to metal

substrates without significant delamination from the substrate after being

subjected to curing. The metal substrates are any of those currently used in

25  the industry, such as copper, and silver-plated copper.

This Sheet Has Been Replaced

- i

THIS SHEET HAS BEEN
REPLACED




-

10 . Ies‘s. It is preferred that any filler used have a particle size of 25

[err] or |ess. The fugitive liquid acts to suspend the
organi ¢ pol yner resin and inorganic fillers for convenient

di spensi ng and application. The preferred | i qui ds are nonpol ar and
have a room tenperature vapor pressure of |ess than. ' about 50mm Hg

and a |l ow surface tension. Representative liquids are 15 al i phatic and
aromati c hydrocarbons

, d h dt
The organic pol yner or':o(fam 9&e¥%PtL:sesfae% ags' éf{éf"mgf* %r&lag‘g”a?an% [err] or
less. For referengg, 91fanE?‘?tséﬁérﬁloﬁ'ogtﬁeElﬂTa%glreg'aﬂgggle% h&lbgRlle. 2 45 Lerr]

particle correspon appr oxi nmat e screen, a 40 [err]
particle E%@rﬁ@%ﬂé‘ral@ﬁﬂ(e@ﬁaﬂ@&ﬁérﬁpér&u@s‘ﬂ'que %ﬁ@oﬁ%be-en and a 25 p
particle 20 corresponds approximately t screen. Wen the

particle size is 200°C. Whén@@pESkich® naving thE §dmé36heh%§ﬁoon1pbs.m5b&ee”

unexpectedly di scovered that |arge sem - conductor dies, 400m| X
400m | or |ar ger patieie skes RigepthBiees fi,Garéided) the 400mil X £00kfldie8t €S Wi t hout
significant delam nation fromthe substrate after being subj ected to

curing. The net aldeswhsratemignificant delaminativh fiohaResubsirdte Bdryuiigeiiclen 25 the
I ndustry, such as copper, and silver-plated copper.

6 tiradis greates wp25%fdetamimmatispeci fi cati on, si gnificant

del am nati on neans nore than 25% separati on of the surface area of
the die fromthe substlhagedhesive compositinas of this inventjemare atepareti bk eixingl ace at
tenperatures in the range of 100[err]- 200[ err] C. When conpositions
havi ng the sane é’l‘?e‘i?m? 'Fenéﬁdﬁﬁ‘é}é?rﬁ?”éﬁ‘o‘”@lﬂ the 35f°r Pp%t@?'ieé?rét'%‘l 768 | arger than

25 [err used e 400m | X 400m denonstrate significant
del gm n!att i oanr or?fdteﬁ r%'ﬂB%'Fr"&'t‘ié’“%ﬁ' t & th%iﬂmﬂ?ﬁerﬁ??ﬁ”é’e blended together, or

combinations of the components can be premixed, followed by addition of the
remaining components to produce the paste. The prepared adhesive
composition, before curing, will contain about 24-37 volume percent inorganic
filler, and 11-37 volume percent, preferably 13-29 volume percent, organic

15 polymer resin, with the remainder being the fugitive liquid and any additives.

In addition to the principal components mentioned, the adhesive
composition may also contain minor amounts of additives such as adhesion
promoters, thermal stabilizers, antioxidants, tackifiers, and viscosity modifying
polymers. A preferred viscosity modifying polymer is styrene-b-

20  ethylene(ethylene-co-propylene) block copolymer; similar copolymers as are
known and used in the art, such as, (styrene-co-ethylene)-b-(butylene-co-
styrene) block copolymers are also suitable. The choice and amount of
additive will be known to those skilled in the art.

Adhesive compositions described in this specification may be used

25  for attaching microcircuit electronic components to a substrate, and have
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that is greater than 25% del am nati on. The adhesive
conpositions of this invention are prepared by m xing t he conponents
in equi prent known in the art for paste preparation. The 10 order of
mxing is not critical: all the conponents can be bl ended together, or
conbi nati ons of the conmponents can be prem xed, followed by addition of the
remai ni ng conponents to produce the paste. The prepared adhesive

conposition, before curing, will contain about 24-37 vol une percent
i nor gani ¢ begn shewn '"éhﬁiarltfhs‘fe WW%‘GI“E@M“ forthatPuiPRBe-yThe3- 29 vol une
percent, organic_ 15 olyner resin, with t

{ mai nder bei nﬁ_the fugitive
liquid and any a&i@TRIgsshow thatthe improved wmp?ﬁﬂmaaa tF'F hentign f’ﬂ@° PlRci pal
components nenti gned, t cont ai n

m nor anounts of SWEAPTA 8r§na§%ﬁr Igggeiarﬁb%qn%& diesn th%%%@% “ no?t her nal
stabilizers, ant 'sg 'eagg%rﬁ'a n]ieq’% gugskr %ﬁeﬁﬁ@cu\ﬂl'@%@f&%h é”egMé ng

polyners. A preferr VI SCOSI I'ng po yrene-b- 20

et hyl ene(et hykene- co- propyl ene) bI ockEmmtgner simlar copolyners as are
known and used in the art, such as, (styrene-co-ethylene)-b-(butyl ene-co-
styrene) bl ock copol ymaﬁéwarcsma&smn§werb%t¥p§red7éb&r&;mt>% gpasiiciigint  of
additive will be known to those skilled in the art Adhesi ve

conposi tions des@bmdatconpohdhtsSresifead Tabat.i on nmay be used 25 for
attaching mcrocircuit electronic conponents to a substrate, and have

7 been shown in the art to haveTawdfici ent bond strength for that
pur pose. The Exanpl es show that the i nproved conpositions of this
i nvention denonstr at Gomponent superi or Penfastuneioe for | afolpmeRan¢entagaduct or
dies in that the di es do not Product No. or Tradename in Composition
Thermoplastic polyester Bostik, Inc. 5.3%
5164
Thermoset polyester Tomoegawa Paper Co. Ltid, . 16.8%
PO1CWO06P
Hydrocarbon Solvent Exxon Chemical 47.6%
Norpar 15
Viscosity modifier Shell Chemical Co. 0.85%
Kraton G1702
Silver Flake Degussa 14.74%
SF 80
Silver Flake Chemet 14.74%
LA113
10

Several samples of this formulation were made with variations in the
particle size for the thermoset and thermoplastic polymer. The formulations
were dispensed onto a silver-plated copper lead frame and 400mil X 400mil
dies and 500mil X 500mil dies placed in contact with the adhesive. The

15  number of dies tested for each formulation varied from five to fourteen.

The die and lead frame assemblies were plaéed in a programmable

oven in which the temperature was ramped from 100°C to 200°C within 30

minutes, and then held at 200°C for 15 minutes. The cured assemblies were
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separate froma netal substrate after the curing cycle for the adhesive.

5 : EXAMPLES Adhesi ve
conpositions were prepared according to the specification fromthe
conponents recited in Table 1. Tabl e
1 Conponent Manuf acturer and _ Vol une

Per cent age Product No. or Tradenane

i n Conposition ngglastl ester Bosti k, Inc.

5 3% removed ro oven and c ole to room temperay% pelamlnatlon YA%r noset

I

fn7) d|6:‘%|) or Skrﬁrrplts&e obseertloaoof the level of mterfac%d%%rg)g‘%mn %etween the die Viscosity
Krat on G1702

14. 74% and the sub§+alté{ efhe'fév@llﬁﬁ de_lammatlon is reportegﬁs g@%&%ﬁé&e of Si | ver

Fl ake 5  the total die GRe@EL 14. 74%

LA113 10 . Several sanples of this fornulation were made with
variations in the The pﬁﬂlblblsﬁéefosihémefrﬁésefélﬁjtﬁé?ﬁbﬂﬁﬁl@bol?fﬂgrstfé?er mopl astic
pol ynmer. The fornul ati ons wer e di spensed onto a ver - pl at ed copper

| ead franme and 40k sample}B@mumber of dies tedtedsandnitk ibEidkiices of dBI@RAHationdi es pl aced
in contact with the adhesive. The 15 nunber of dies tested for each
formul ati on vari etie fepentadfin Vable 2 Thedetagination is recorded as the nurhber ofidies and | ead

frame assenblies were placed in a programabl e oven in which the
tenperature was R4h&e TR tedled bk showeddelptipasion pi®! inidividiediin8Coroups i nut es,

and t hen helq at 200C for 15 m nutes. The cured assenblies were
by percentage of interface delamination. For example, the entry “3/12" under

“up to 75%" delamination means that 3 out of 12 dies showed delamination
over an area of the interface between the die and the substrate of up to 75%

of the interface.

Table 2
Sample Die Size Particle Size Delamination
mil x mil in microns
Thermoset  Thermo- 0% upto  >75%
plastic 75%
- A 400 X 400 <45 <45 2/12 312~ TH2
B 400 X 400 15-25 <45 113 2/13 10/13
c 400 X 400 156-25 15-25 14/14 014 0/14
E 400 X 400 <15 <15 11/11 0/11 0/11
F 500 X 500 <5 <15 111 011 0/11.
Cc 500 X 500 156-25 16-25 0/5 0/5 5/5
E 500 X 500 <15 <15 1/5 1/6 35
F 500 X 500 <5 <15 -5/5 0/5 0/5
8
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8 renoved fromthe oven and cooled to room tenperature. Del am nation

was i nvestigated using an Acoustic M croscope by Sonix, Inc., which
i nstrument permts the observation of the level of interface
del-am nati on between the die and the substrate. The |evel of

delami nation is reported as a percentage of 5 the total die area.

The particle sizes for the thernoset and thernopl astic polyners for

each sanpl e, the nunber of dies tested, and the incidences of del am nation
are reported in Table 2. The delam nation is recorded as the nunber of dies
out of the nunber test at sho dd amnation and is divided into
groups 10 by percen .ﬁ’ggcggosﬁmwp}l% e 8p ﬁ'é?|25h°”?§ﬁ*g'é9<%rrple t he
entry "3/12" und on reans .t hat out of 12

di es” showed del aeguﬁerfw rosults Hfitn'r8 re%’ er i %a'B'P[%PQ"8¥ laggf; dies qp E}efaéﬁ‘ébsﬁﬁtﬁeen t he

die and the substrate of up to 75% of the interface.

Table 2 Sanmpl e Die Size Particle Size

Del am nati on ml x ml in mcrons

Ther noset Ther no- 0% up to  >75%  This Sheet Has Been R lace
pl astic 75% A 400 X 400 ummm

2/ 12 3/12 7112 B 400 X 400 15 2
21/13 2/ 13 10/ 13 C 400X400

14/ 14 0/ 14 0/ 14 E 400 X 400 <15 <15
11/ 11 0/ 11 0/ 11 F 500 X 500 <5 <15
11/ 11 0/ 11 0/ 11 C 500 X 500 15- 25 15- 25
0/5 0/5 5/5 E 500 X 500 <15 <15
1/5 1/5 3/5 F 500 X 500 <5 <15
5/5 0/5 0/5 :
9
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9 ' The data show that the smaller particle size, 25[err] or |ess,
gives superior results with respect to delamnation of |arge dies on netal

subst rat es. 10 What.
I s. cl ai ned: 1. An i nproved adhesi ve conposition prepared from at
| east one organi c polyner resin, inorganic filler, and a fugitive

liquid, in which the 5 fugitive liquid and organic pol'ymer fesin are

each substantially insoluble in the other; and in '
i nprovenent conprYhatis cleimad: t he at | east one organic mmmﬂllualum“m
present in particulate formof particle size that is 25 [erk] or r gwmals| er.
10 2. The adhesive conposition according to claim1 in which the

organic pql yner, resin her noset
polyner, or a 1 EOABRTRYY %‘ﬁesévie cgmf)%é'r%?e@?reg?raw%{e? ?@B astic pol ymer.
3. The adhesi v, GOURORLIEAR iRfeERlcFhd %r® fdifveRyda, Wit #0 the organic
5  fugitive liquid and organic polymer resin are each substantially insoluble in the
other; and in which the improvement comprises that the at least one organic

polymer resin be present in particulate form of particle size that is 25 p or

smaller.

10° 2. The adhesive composition according to claim 1 in which the organic
polymer resin is a thermoplastic polymer, a thermoset polymer, or a

combination of a thermoset and thermoplastic polymer.

3. The adhesive composition according to claim 2 in which the organic

16  polymer resin is present in a volume percent in a range of 11-37%.

4. The adhesive composition according to claim 3 in which the

thermoset resin and the thermoplastic resin have a particle size of <15 p.

20 5. The adhesive composition according to claim 4 in which the

thermoset resin has a particle size of <5 .

6. An electronic circuit assembly comprising a semi-conductor die of
400 mil X 400 mil size or greater bonded to a substrate with an adhesive

25  composition prepared from at least one organic polymer resin, an inorganic

T 10
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15 polymer resin is present in a volume percent in a range of 11-37%

*

4, The adhesive conposition according to claim3 imwhiehthe

t hernoset resin and the thernoplastic resin have a par ze of < 15
[err]. 20 5. The adhesi ve conposition accordin MH mmmn”ml ch
t he thernoset resin has a particle size of <5 [

An el ectronic circuit assenbly corrprl sing a sem -conductor di e of

400 m!| X 400 mINS|ze Ofﬁ' 'ﬂrea B ded to. a substrate with an adhesive
25  conposition W' B 2 tyoifiye igpid; in which fhe diguid gadiorganic palymerEssinasa n, an

i nor ganl Cc

f |
and a fugitive | |%aﬁpalmsxant'wmsﬂ'u?'ﬁgt?? ?m?rua"grﬁw'a'f’rbtgﬁiaf:'e?ﬁSPW%éL’F“es: n ge
each _subst anti al |é’ol;}nﬂ§@sh\9§ Freééﬂtﬁ:%ﬁrtn%gg ‘1"83%'4'0' ko M nﬁ%i’s at | east one

organic polynmer resin Is present I n par #¥icle size that

is 25[err] or snghdu&! - 7. The electronic circuit assenbly of claim?7
in which the substrate is a netal substrate.
5
7. The electronic circuit assembly of claim 7 in which the substrate is a

metal substrate.
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