WD 03/041130 PCT/ US02/ 29990 1 METHOD FOR CREATI NG ADHESI ON DURI NG

FABRI CATI ON OF ELECTRONI C DEVI CES having the inventors Manoj Kunor
Chaudhur ywofosarneno Jamres Goodwi n Yeong Joo Lee Bhukandas Rertbibsse/29950 ELD OF
THE | NVENTI ON [ 0001] This invention reglates to a nethod for creating
adhesion of materials that do not ordinarily exhibit adherent properties.
The materials include a polyneric material and a substrate. The polyneric
materi al can_be dto.c ect 1 conponents of an_electronic device

t oget her , MEAEORE O CREAJING SRHEON PURING EMARICARIGNQR B BETROMIKGROUND
[0002] Pol yners have found applicat ilA¥IGES a wi de range of technol ogi es but
not all polynmer materials possess the required physical and chem cal
properties for good adhesi on. Phagngtheries¢ntent i s one neans of nodifying
pol yner surfaces to inprove adhesion while nmaintaining the desirable
properties of the bul k materialMadd)@@djor Shaedeyp of polyneric materials to
simlar materials can be inprovggdl¥ JahaSs RodwhkPr ona, dielectric discharge
barrier, or flame treatnment W th ok i RRUteaSSi stance of a subsequent
thermal treatnent during joining ot :‘?gé les are filns of

pol yet hyl enet er epht hal at e or pol yethyl ene that were bonded to thensel ves or
to each other by |am nation under heat and pressure treatnent. The

mechani snms of adhesi on were OFBLIFEOFMTYS DSVERTIION nat ure of London

di spersion forces and_hydrogen bonds. These adhesi vetj oints are

suscept i[BO®]t ol invertierelades toamaethed faagenating sdhasionimaterialpthabdayeeti ¢

sol vent s . il . r. hey . t .
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af ter plsabstiutd. e tpoBmberRimatefisl cagbt abddEioohhat 880 SotaPorRatsisTlan ele¢ironic

chl oride, and polynmer fabrics. [0004] .One nethod for_ 1nproving adhesion is
pl asma tdesiee fegethess sugh as pintegrated gisciit chap and a ghip cgirieidhesi ve fornul ation in
an uncured state to the treated surface, and thereafter curing the

formul ati on. For exanple, one nethod for bonding two | ayers of

si | oxane- pol yi m de BACKGROUND

[0002] Polymers have found applications in a wide range of technologies but not all

(D

polymer materials possess the required physical and chemical properties for good adhesion.
Plasma treatment is one means of modifying polymer surfaces to improve adhesion while
maintaining the desirable properties of the bulk material.

[0003] Adhesion of polymeric materials to similar materials can be improved by plasma,
corona, dielectric discharge barrier, or flame treatment with or without assistance of a
subsequent thermal treatment during joining process. Examples are films of
polyethyleneterephthalate or polyethylene that were bonded to themselves or to each other by
lamination under heat and pressure treatment. The mechanisms of adhesion were of the
physisorption nature of London dispersion forces and hydrogen bonds. These adhesive joints
are susceptible to the effect of external agents such as water or organic solvents and
durability can be poor. Other systems related to plasma-treated surfaces, have been focused
on surface chemistry changes after plasma treatment of less wettable surfaces such as poly
vinyl chloride and polymer fabrics.

[0004] One method for improving adhesion is plasma treatment of a substrate, applying a
wet or adhesive formulation in an uncured state to the treated surface, and thereafter curing
the formulation. For example, one method for bonding two layers of siloxane-polyimide

polymers includes bonding by etching (or cleaning) the first layer by using plasma before



pol ymers includes bonding by etching (or cleaning) the first |layer by using
pl asma before WO 03/041130 PCT/ US02/ 29990 2 applying the second | ayer by
spi n coat wagns/oFhize net hod suffers fromthe drawback of noteCTprseeRehiong dry
adhesion. Plasma treatnment is used as an alternative nethod of surface
treating a substrate in a simlar marfner as a chenical treatment |ike a
hydrochloric or sulfo chromc acid solution. Surface chem cal treatnent

has al so _been propos for inproved ndi ng. , Treating cured silicone
rubber \APPHBY @msﬁ‘é"_ FUT D¥E ailﬁ%bﬁ%m%@ﬁévff%rafﬁoab@etdéa‘ﬁbaahﬁéééta hi gh
ener gy spfbtia&@bd@ aWhisidh. PREHRYREWRY ReB A YBIRatRNTh&ASd BPYrRCe ﬂbegcﬁfgt ly

cured on and onded. This process has many di sadvantages related t
handl i ngp substraie $pe siahilag imadhaegpsrahsmicah trettment likhe hydrattdori¢ 60860 diedrhicds f or
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carricer, enploys plasma treatnent of either the IC chip or the chip
carri er higherwgy swrsadsdel whigh wyiouprureble polymerigcystamd indydzetdireetlp furgd on and

th I ' t ' dhesi .addi fi. I
i1 cone BkE SHIESRTAsGeb bl Bist nBlee SRt b BT Pnd APt ¢ nperaes
encapsul adttogiorhealicalson is applied to the plasnma-nodified surface and then

cured). Another method discloses that corona or plasma treatnment of a

t acki f i dP09yeMethods for igprering gdhesiongsigiplasmarinetiens in olsetsonies applications t he
tackifi afL.z1ln B b wever, none
of thesa ™ Ebeut RIBRCFOFCARAICSHE pRindsier RIAGE bl AR eal P00,

Pl asma sancépstiant aehanED thip padieswednethe entaipshilant ane tlad chile pasict, efPpldds

| am natign. One nethod disclgses that plasnma treatnment. of fluoro-polyners
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| am nate conposed of an insula base a synthetic resin, a netal
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met hod for creating_adhesion. The method can be used "during fabrication of
an el ecthebiigen the tackifies and thegrodarizingnsheetduheghase shifigbeet THeweearhmame of these

CONPr1 S&Hethods create adhesion between nonadhesive surfaces.

[0006] Plasma surface treatment has also been used in metal deposition or lamination. One
method discloses that plasma treatment of fluoro-polymers can improve metal deposition by
thermal evaporation, electroless deposition or thermal beam evaporation. Another method
discloses that a laminate composed of an insulated base film of a synthetic resin, a metal foil
and a silicone adhesive layer, can be made by applying plasma surface treatment of the base
film prior to adhesive bonding. These methods suffer from the drawback of not creating

adhesion between two dry surfaces by using plasma.

SUMMARY OF THE INVENTION
[0007] This invention relates to a method for creating adhesion. The method can be used
during fabrication of an electronic device or an electronic device package. The method
comprises:
a) plasma treatment of a polymeric material,

b) plasma treatment of an adherend, and



a) plasma treatnent of a polymeric material, b) plasma treatnent of an
adherend, and WO 03/041130 PCT/ US02/ 29990 3 c) thereafter contacting the
pol ymer i cwoaid@aiiab and t he adherend; thereby creating adhregiuse2/e999 he
polymeric material and the adherend. DETAILED DESCRI PTI ON OF THE PREFERRED
EVMBODI MENTS [0008] All anounts, rati 03, and per cent ages are by wei ght

unl ess otherwi se indicated. The following is alist of definitions, as

used herein. finitions 0009] A" and "an" ch an_one or nore. [0010]
" Conbi nat i on"cl?eﬁ}ée&@ef\%ma?tg ‘é}’P]tyE}?E‘CﬁE&terfag@E&ﬁ@radg%eﬁﬁy means or et hod.
[0011] " CQur edhe@BRBRatMDSAIRBh S PN BiiORaRliaParNBIhBRkeddl OCESS by which

nol ecul es are jolned together by crosslinking into |arger nolecules to
restrict nolecular novenents. [0012] "Nonadhesive" nmeans that a polyneric

mat erj al woul d RPL r | ment .

[0013] "Pl asma pﬁf&%ﬁ f ﬁfbﬁﬁgg\ﬂ@ﬁﬁ\b@%ﬂa@ﬂm m]g(%ﬁ&%@i@%ﬂs state
acti vat o088 aAlllaBiolhef rafios 6y peckath i d_ré/bg%igh@ﬂnléébdothéWiMﬁ&icatQ&tTﬂes not
limted to, corona discharge, dielectric barrier discharge, flanme, |ow

pr essur folpwingds 8 dinbefgiefingions asvsephaseine gl ow di scharge treatnment. The gas
used in plasma treatnent can be air, anmonia, argon, carbon dioxide,
carbon nonoxi de, helium hydrogen, krypton, neon, nitrogen, nitrous oxide,
oxygeén, ozone, water vapor, conbi n@dfaitsodsher eof, and ot hers.
Alternatively, other npre reactive gases or vapors can be used, either in
their ndORE st adofangsadsmean engeorpReEess applicati on pressure or

vapori z Art e i b L - i .Gl as
noaret Het i GorbA R apaRe ool ABE Rt SR ad: 8 atly SheS mEHGE

cycl opol Phdr ofamedt ingdisi substantad completion of a chemical process by which molecules

cycl opol yhydr ogennget hyl - co-.dj met hyl si | oxanes, reactive sil anes,

cgnbi Eat%ﬁ | nqd%gg%ﬁe;rt@lyaqassh Ao lpgengleculepiorastrisinglecHacmeyarentel at es
to a net f oF e Adhe s 4 [ rq strate.
The. ot Hog e e iash g s R pohfr ah Rl R Ry e P

el ect r ordubstraje witbeutgeeakagrés. |1 n one enbodi nent of the invention, the nethod

conpris e[%()lﬁ) ‘%lz?s%%réa&%@ﬁtnerﬂgang I:xp%sf(r)l(élaysrlgggtlra%e {ga EE ge{slegds’ state activated by a

form of energy externally applied and includes, but is not limited to, corona discharge,

dielectric barrier discharge, flame, low pressure glow discharge, and atmospheric glow
discharge treatment. The gas used in plasma treatment can be air, ammonia, argon, carbon
dioxide, carbon monoxide, helium, hydrogen, krypton, neon, nitrogen, nitrous oxide, oxygen,
ozone, water vapor, combinations thereof, and others. Alternatively, other more reactive
gases or vapors can be used, either in their normal state of gases at the process application
pressure or vaporized with a suitable device from otherwise liquid states, such as
hexamethyldisiloxane, cyclopolydimethylsiloxane, cyclopolyhydrogenmethylsiloxanes,
cyclopolyhydrogenmethyl-co-dimethylsiloxanes, reactive silanes, combinations thereof, and
others.
Methods

[0014] This invention relates to a method for creating adhesion of a polymeric material and
a substrate. The method can be used during fabricafcion of electronic devices and electronic
device packages. In one embodiment of the invention, the method comprises:

a) plasma treatment of a polymeric material,

b) plasma treatment of a substrate,

¢) plasma treatment of a semiconductor,



b) plasma treatnment of a substrate, c) plasma treatnent of a sem conductor
WO 03/041130 PCT/ US02/ 29990 4 d) contacting the polyneric material and the
substrat ewoansd4118) contacting the sem conductor and the padcmEsmeIavat eri al

[ 0015] In one enbodi nent of the invention, steps a, b, ¢, d, and e can be
carried out in any of the follow ng frders: abcde, acbde, abced, acbed,
bacde, baced, bcade, bcaed, cabde, cabed, cbade, cbaed, abdce, badce,

acebd, caebd, abdace, badace, abdcae, badcae,  aceabd caeabd, acebad, or
caebad. One skill c@%meth?PﬁﬁﬁﬁFﬂnpg%@’WFE@G§W%W33h€Wfa seni conduct or

and a substrate agPodiidinBAieshithdubier B HEROlymRLALEAY, Pl asm tr eat ment

of the polyneric "'ateriall may be carried ou han once, i.e. step a
may be [081Sht &dondembadinept & the mventéon, eteboadibyend, angleasmhe camwiat wehin any

carried t t.he I ric er,j al, and, the bst.rat and, th olyneric
mat er | aPt iAo HewIng aBGY ADEIe AR orhoath BHEh BRCe BGEH e BHAIBr A SEREn oy 11 ed
out  sepaycal &ade Ubatd) AbSQTHERRIMEHAT cadhlf] aBiacR, BHdhES 28I ae SRS Bc&bdl he

polymeric nmaterial than that contacted with the substrate. The polyneric
mat er i aFacahd, achleads aheachad.Ongrskilteddn theomt wevlddecogpizeshat Wheaat semicondaetobe

carried out gn . all o ortjon, of ithe.surfac f the pol ic .material,
Che subety ardhude s hoB iR, Glnd borbend HelHa elismia ForlRoat R biscpon B ' 2
C can bgagaial hiag behrriedtuk floedthhal ofdy] i.t ek be séRBRJIFordREmpledfnforear I i ed
out in any order. Alternatively, steps a , and c are carried out in_any

b
order, cmbadimest eifsmartregiragn igicarier eutandhe pelymeric sntertad aed  theshbstiate, and
Al t er naty vel Y- T o) r ' .
e et SR 200 AL 1l RAOFALESTLL 0
enbodi negparaélytonehd sencivdnduciortahé op aldyfif@entcurfaéeest thé polsmesio hatdrd thantthatt he
substrate and,  opti onal | thf semi conduct or, as ooqﬁgs practicable after
pl asma £oRastpdHith thesubstratg) The ppiymerc watssal sndibe sybsiatssrs thepcentagiedr i al |
t he sub ' . ) ' .each be
torod Taanreabilh OB bOBBHCA oot alPrl RS LR TR AT e ", 7 e
enbodi nmeratersd, thtsubsirate cort the sgmichedystdryneri ¢ materi al can be stored for at
| east O | t ernativel t legst 1, alternatjvely at |east hours after
ol aoma 190G melfrnatiiels. Sops i rnd fafehs AnediishnGiesnD spo froipteg ses €
al t er nabhy bt daBriddordn a% bideP AlievhiVelPstbs Bb, artl ¢ eRaticduy iriollﬁlytd?dé}, hour s

after plasma treatnent. i

e same storage conditions can be use
i ndepenéedtheieafior stepred anthe e pawiedrt eoncusentys drltbueatioely, ftopsi8b, and ome

embodi Mt buf QrlutrBE) bheRerSRICRL Y A% BE 2R NP ordlinERiy. Y N9 OUt

st eps
[0017] In one embodiment of the invention, the polymeric material is contacted with the

substrate and optionally the semiconductor as soon as practicable after plasma treatment. In
an alternative embodiment, the polymeric material, the substrate, and optionally the
semiconductor may optionally each be stored independently before contacting in step d, step
e, or both. In one embodiment of this invention, the polymeric material can be stored for at
least 0, alternatively at least 1, alternatively at least 2 hours after plasma treatment. The
polymeric material can be stored for up to 48, alternatively up to 24, alternatively up to 8,
alternatively up to 4 hours after plasma treatment. The same storage conditions can be used
independently for the substrate and the semiconductor.

[0018] In one embodiment of this invention, adhesion can be obtained by carrying out steps
d and e for a few seconds at room temperature. In an alternative embodiment of the invention,
step d, step e, or both, are carried out at elevated temperature, elevated pressure, or both. The
exact conditions selected for step d, step e, or both, will depend on various factors including

the specific use of the method. However, temperature during the contacting steps can be at



d and e for a few seconds at roomtenperature. In an alternative enbodi nent
of the invention, step d, step e, or both, are carried out at elevated

t enper at uw® o3e4emsat ed pressure, or both. The exact condi tAicamssosedmat ed for
step d, step e, or both, will depend_on various factors including the
specific use of the nmethod. However, 5terrperature during the contacting
steps can be at WO 03/041130 PCT/US02/29990 5 least 15 C, alternatively at
| east 20 C, _alternative

. I | east 100.C T d t act
can be e 1%oq,%e@au&¢1w¥ It 20 ARt ot 1O BPLoG P BT g BB act | ng
can be up to P
during 088{%‘?%%% ?aﬁl %ﬁ SP lt&b&ﬁi %ﬁgﬂ %’Zisz?aﬁép P(%%ﬁ%rgcra?ﬁ ? g%rrgﬁ%ghn c{aaﬁz)téulr 2ast
0.1 segpnd, 1oahég@t>£@h1svatematvebaqsto IlmsgPand). Predsumdmmgmhgacmg isebknsts

seconds, alternatively at |east 20 seconds. nt ac to 24
hours, (al meeaRaspaleContags time aan hellepst G seqonds 3 Y?é‘?ayf/“’ﬁ]é( ﬁeaégp?ﬁcﬂﬂ‘?p °

al ter nait' ¥n%¥1¥%ll§f%%[e%0 SecX Ogtge?nat{‘% ]lealsPZ(?Ebc%&se U&ﬁfabt’@m@ EROE ﬁi?ﬂ)t 24t the

i nventi corrp ses 'asma treatment of a polyneric

mat er i dourBhlt@haisvely tp eat Thmirs caﬁtematlady apend() nindeGpltenatively upio 3dnt act i ng
the polyneric material and the adherend; thereby creating adhesion of the
pol yrrerﬁeéorhjﬁteri al and the adherend. In this enbodi nent, the adherend can

be el ! Bp1d) yrqpca{éﬁar%e bRt BEE Aientibh thishoabadksgAt . the met hod

may opti conprise: storing the polyneric material after step
A) and bef ore steA)ﬂpsmmtresmmtu@ppﬁgmadhammml,after step B) and before

step C, or bot 0020] Ste be carried out in any order,
and the sane pl agﬁﬁ&ﬁr@%\hﬁﬂmeﬁ?%@m ont act conditions, and optional
storage conditiong, ﬁl%t'@%ﬁ@t"@on@@:‘ﬁng%@ﬁ&ﬂfm&% mafeidPdrd thélaﬂHIHréncErTbOdl ment,
steps A) and B) can be carried out concurrent}l@i/ or sequent] aIIy in any

order. In thihsrebmbmatlngadheSM§h¢})01le§?rlcmﬂtﬂ angpihe aglegrendhl |y be repeat ed

one or r e ti net h

el ectr OWI Og‘én?ﬂi tE a‘ﬂé‘i%% agﬁ)l%r%l gr\/ﬁy%ezﬂc%b%g 0; QQ{I %&gel met od can be
used ”Dérﬁbckﬁiﬂt@ﬂﬂ YhefREthed ﬁﬁfy ogtif)MI%’eF&rﬂléﬁ&ﬁmp@fse tslﬁ)rmgrthe bolyniesic mmterlal
specifically restricted.

2] The nethod of this i ncre
adhesi oaftersteg.A) %ﬂdé’eﬁﬂﬁé?e@r@ Gb’ﬁ%fl%@eﬁghqre‘%é? fter sfeg é}cﬂr‘ah’@ Qe Stﬁﬁ a when
subj ect qto 0.1 negaPascal of force in the die shear strength test of
Ref er enCe Exarrpl e 5, below The exact amount of adhesion will vary
dependi [0920 Steps A) and B) may be carried out in any order, and the same plasma treatment

conditions, contact conditions, and optional storage conditions as above may be applied.
[0021] In this embodiment, steps A) and B) can be carried out concurrently or sequentially -
in any order. In this embodiment, steps A), B), and C) may optionally be repeated one or
more times. This method can be used during fabrication of an electronic device or an
electronic device package, or this method can be used more broadly for other purposes. Use
of this method is not specifically restricted.

[0022] The method of this invention creates adhesion, e.g., the adherend does not fall off
the polymeric material when subjected to 0.1 megaPascal of force in the die shear strength
test of Reference Example 5, below. The exact amount of adhesion will vary depending on
the polymeric material and adherend chosen, the plasma treatment conditions chosen, and the
contacting conditions chosen. However, adhesion, as measured by die shear strength
according to Reference Example 6, below, can be at least 0.2 megaPascal (MPa),
alternatively at least 0.3 MPa, alternatively at least 0.5 MPa, alternatively at least 1 MPa,
alternatively at least 1.5 MPa, alternatively at least 2 MPa, alternatively at least 2.5 MPa,
alternatively at least 5 MPa.



the polyneric material and adherend chosen, the plasma treatnent conditions
chosen, and the contacting conditions chosen. However, adhesion, as
measur ed Wy adi@1shear strength according to Reference Exaqaesod2odel ow,
can be at |east 0.2 megaPascal (MPa), _alternatively at |east 0.3 Mra,
alternatively at |least 0.5 Mra, alterﬁ%tively at least 1 MPa,

alternatively at least 1.5 MPa, alternatively at least 2 MPa, alternatively
at least 2.5 MPa, alternatively at |east 5 MPa. WD 03/041130

PCT/ US02/ 29990 6 Polymeric Material [00231 The polymeric material used in
this invention is nonadhesi ve whepolyaRfcMuttddlis nethod, e.g., imediately
before plasna treatment. The polyneric material has a relatlvely | ow

modul us 10823 | Thepelymese material wsad inflis m’@gtl‘matselomd@emmws@d)m)thlﬂhe

nmodul us ctors i ncl.udi n

pol yrer i 13({:S{Id!rr%)tt eér/g1 é?fmqgos ew &%ﬂl%%la eartge%§ ?1% ﬁ § RHYPRHC B’@f%‘r?m?sca ‘i‘?‘%’gfe Val

wi 'l be lathaoédus angl, bisenmdulde tRindhe subdthilews seaitondiRtd. TiRaRédDuslwill
nmegaPascal , aI ternatively at | east 1 megaPascal. Mbdul us can be up to 300

megaPas Wik depandmerpn Yapioly fagtors gclusting iy sre palysmerigimaterialchosenythep t o 1
gi gaPas Czﬁiherenal‘ug %Mthé’ ﬁel?yn‘l'éﬁctn?at%lag Wﬂ%@%ﬁ%@d ahggﬁj b H?w&’ev% éﬁ’@ﬁ#ﬂl rrent of

the invention, the poly ernose

mat er i al be ém@sp&ll ynegaPascah hhernativetyat losst & rﬁegaPmale Matulgr@abe ¢p ta3e0 | i cone-
i Ther npset material s include

organic co r r i nati ons there

f1 exi bi |1i'“E£agjJ a%ﬁm t%‘?atlwﬁ)liht #Q @P%’ﬁﬁ@% aliernatively wprie 5 sigaPessalan be
si | i conegierigdRisto AigdstfQne organi c-copol ymers. Thernopl astic
mat eri al s i nclude phase change materials such as silicone-organic

copol ynel003#x eb enecendyogliment offghecinveritonsihe lpohsneria! yatkwiliing tHeemgset or a

pol yet hy} ene al enol.ics nbi.nati.ons thereof, and others.
[ 00251 |trll1lg @I@ﬁﬁ&&twﬂ%&?mmmﬁa Wesﬂ}i SA0gnlt Prgamigs afihicqner g 5
cured sidrggtibeopdlii@br, oRSodbiaHiG tBérkd Qﬁ@rn’ic%@t rﬂateﬁal§ W sheStditi RAR

el astonmer, a cured silicone rubber, conbinations thereof, and others

Sui t abl eeRoKIeEaWBIch pEeprEaniegindslastasmargiwhich aai be thoms, pEEIgS,, Or Sﬂmnm nati ons

th f t hods f th
et 2ot ol SLAR e OV GHLLEBORIRED S ARSI LON IS o o
Sili conwlﬁdmbengﬁmbmpbaymﬁnym&aand bipahicansterRas Bivdl  poBoRFRY (e.NeW York,

1978. Cur i o] stoners are known in the art. For exanple U S.
Pat ent yet ﬁyl @gsna ¢ Bheppljcy £gmpinatippsideregf.@ad silicrcone el ast omers and

met hods [pess]t hgi dne@nm&ﬁéﬂt%@ the invention, the polymeric material is a cured silicone, such

.as a cured silicone resin, a cured silicone elastomer, a cured silicone rubber, combinations

thereof, and others. Suitable cured silicone resins include T, DT, MT, MQ resins,
combinations thereof, and others. Cured silicone rubbers and methods for their fabrication are

known in the art, see for example, W. Lynch, Handbook of Silicone Rubber Fabrication, Van

Nostrand Reinhold Company, New York, 1978. Cured silicone elastomers are known in the
art. For example, U.S. Patent Nos. 4,753,978 and 5,110,845 disclose cured silicone
~elastomers and methods for their preparation.

[0026] The cured silicone can be prepared by curing a curable silicone composition.
Curable silicone compositions are known in the art. Examples of curable silicone
compositions and methods for their cure include the compositions set forth and described in
U.S. Patents Nos. 4,766,176; 5,017,654; and 5,977,226. The cured silicone can be prepared
from a silicone composition formulated with an adhesion promoter, however, an adhesion

promoter is not required.



[ 00261 The cured silicone can be prepared by curing a curable silicone
conposition. Curable silicone conpositions are known in the art. Exanples
of curabl wosislucidme conpositions and nethods for their cwa/isiehkede t he
conpositions set forth and described i U S. Patents Nos. 4,766, 176;

5,017, 654; and 5,977,226. The cured silicone can be prepared froma
silicone conposition fornulated with an adhesi on pronoter, however, an
adhesi on[00R7oNRtsBsuld Be ABte | - / PCT/ US02/ 29990 7 [ 0027]
It should bepn_ot ed by t_hogerb%gllidi)slrel%gglelﬁ\%ﬁﬁeagéé%égﬁgic’d{m CHEREMSF cure of the
conposi t YFHROSIONRENGE eritital snd can dhabate durengclemismisesubR 6aHIS AR SH FcBSqs:

condensali r £10Nns, . itian reactions; ultraviolet radiation
initiate d?cgbgcr'??cgltﬁggqgtﬁ%wggg@dpgﬂp &ghated reactionse andoties fadivs! initjapBi@hctions.an

al t er nat[0028]e i ateniatioé cinbEdidMESt he'th cngﬁ,i raterjal is a cured
organi ¢ such as_a cured or ganilc_ resin, ge%ﬁ%gﬂ%gg nlelgc re“laifglf%ﬁﬁrc,uméi cured
or gani ¢ PEIYFEHCh as asuEdRIErEazesith e cutd organic elbtemst, autddahgiCpo1§fheRr gani c

resins i ade: y. IS, Sui t.abl e cured, organi c el astoners
 ncl ude g%%‘*;"ﬂa?‘&ﬁ Lt BEoLleFS Uil ey eebi Sop pmincbsteronesdwene poiog,

pol yi m ,ita’pblcyiadiodgarﬁ@él@htﬁﬁi%fsﬁnclﬁﬁ@?&l?ﬁteﬂﬁﬂé sﬁﬁ@ﬁg%iuedao@graﬁ%ep(ﬁg,%msgu |S f: :lb L °

cured or. qn%c ppoly rs.are known i he art , see for exa

Packagi 4130 Pt e oﬁ%’rﬁij’mﬁg‘?ﬁiP@b’é{mde\Qopﬂllymﬁmomb\inaﬁbMamoﬂand othé¥yj Skt A.
Nagai , Icafg Jebasd i t d_Technol ogy .Conf erence, 1999. [0029]
Suitabl e si I(}E%onef-s(g?glgf\si %Qgpo {/hrr%regﬂi ??glefcﬁrdeé‘agm r&ﬁméa?q_%hagmg &nip (LOC)

Lape ué\ﬂﬁeowd?wené’tﬁltmlsiwma,a«mimdh &!m@@@l axah?i.@@d f Tlmb YA
ilicon ni.c Copo rs _are known in the art, s€e for exanpl€,

" Advancg;so%%%%tf@?EF@%&&%GTFW%é%%?m, " Phase |V, Report 2. Polyner
mat er i al[6029pr SAEtWEIBGRRZoM- |.CS: nol o June Q0, Techno

Al liance gg? poration, ?%%’fnggﬁij’g’%gﬁ%gﬁ‘&g@agé aﬁﬁ%ﬁ?’@eﬁ‘&o@?&ﬁl’ LYK tapar e
cured c¥finggolydaucthyisilonane] modified polyirhidews pblyastidd. silicﬁﬁé-tip%ﬁictcﬁgswﬁ%?s wet
(uncured) B-staged) materials, this thod can

i - cured - O )
create ad hlglg)i“glﬁhté e%%%%l &Y ief(?réglﬁeéd"@ﬂ?"édn HMejanigle Researndh in Jared,” Phase IV,

si | i conBeporyanPalymepohyaalsSol Advadsd MHSoafl B¢l s oy er i c
mat eri al, .can ve a variety o or ms. Oe b rﬁggfeChL&% rﬁuﬁ?sg@ylrﬁg%‘o
cont i nutance Gopposation, pkys, Jepanf i I m Al ternatively, the pol yneric material
may be 381 0Pl ; a plurality of. f| at pads or hem spheri cal
nu%bi oe [ﬂg’r:”ﬁ];ugglsy%is’iggg%@g%gth%§ ar® clired'¢3n be %seJ in tins invemtion. In contrast t%

methods that use wet (uncured) or partially-cured (e.g., B-staged) materials, this method can

create adhesion of cured silicones, cured organics, and cured silicone-organic copolymers to
various adherends.

[0031] The polymeric material can have a variety of forms. The polymeric material may be
continuous, such as a sheet or film. Alternatively, the polymeric material may be

discontinuous, such as a plurality of flat pads or hemispherical nubbins or bumps.

Substrate
[0032] The substrate used in this method is not specifically restricted. The substrate
selected will depend on the various factors including the use of the method described above,
e.g., the type of electronic device or electronic device package to be fabricated. The substrate
can be any material used in the fabrication of an electronic device or an electronic device
package. The substrate can be, for example a ceramic substrate, a flexible substrate, or a rigid

substrate commonly used in electronic device packaging. Examples of suitable subsirates



[0032] The substrate used in this nmethod is not specifically restricted.
The substrate selected will depend on the various factors including the
use of thwonstoaoidodescri bed above, e.g., the type of el e®aTowsoe/2ebovi ce or
el ectroni c device package to be fabrigated. The substrate can be any
material used in the fabrication of an electronic device or an electronic
devi ce package. The substrate can be, for exanple a ceram c substrate, a
f1 exi bl endudsd éxbBic, 8 r co nl din electronic

devi ce packagi ng. Exa#pe@aelségifeg‘éﬁ?ét&aﬁder?%ubs]?%&g ¥ thenthgypolymeric

PCT/ USO’Z?aZQ @es%lbﬁda@qué Carrdm@nmnsthefeomalothe@s met al - coated surface, a

pol ymer mat eri al descri bed above),

conbi na | on er eo %33 Wé"-’r% MF&@@}H@@% &heoming, neppsr, gohhﬂeaﬂgmckﬂpl ude
al umi nuuviatmhmomldm SEORBS ktee] gh ditadigRd Lipum, SOl

st ai nl es%st eel, tin, titani 8m al loysalt1 gﬁé%%ﬁ C(%ﬂg RS S hesre‘?f?l}i@i‘%of, and

ot hers 6%4] Ceram cs include alumnumnitride, alum num oxide, silicon

car bi de | QX licon o itride, conmbinations thereof, and
ot hers; {%(Flt‘ﬂer E%t | ve{gg1 qde%WWQ§Yd§ aluminuiz P¥des sibigonecarbide, siicon ozidbj de,

sili conSldimDXynﬂdﬂs, @nthisa1SRs ﬂ@e&é&%dtdiﬁérgoilten{aﬁ% ]angRﬁﬁ%] Hifiden Lncl ude

benzocy obut ene, mal ei mi de, cyanate, €poxy

pol ycar BYHETER Oﬁ’(ﬁlley"fl Q!’ecarl?jé¢a>8#m0thm®cagd atrebmmﬁrmpﬁ@&ﬂ ene et her,

pol yvi nosgpne Hols i nat her and ot hers. Sem conduct or
[ 0036] gj em Eonagﬂ oriélgglpg%g @1 f?ﬁf‘l?fe eé‘ﬁ‘bdeeBYﬁ%‘?%PEﬂWy avai |l abl e, for

exanpl epolybenzogazok; pekybmbbﬁate lyimidd, 6]?{1@{}1
Encycl B(ggw p@\%ﬁ% al Tecﬁjr?o}ll ogy, P ﬁ?%&‘ﬁ&la@é fjo i%@'genffgw’fi]ohn
Wley & ayu Fide, cogainations thsieofsandi atersiuct or s i ncI ude silicon,
silicon alloys, and gal I i um arseni de. The sem conductor can have any
convenient form such as a bare die, a chip such as an IC chip, or a wafer.

Pl asma Treat nent [0037] Pl asnma tr Satigatiu@br @ nonadhesi ve material converts
of the nonadhesive material from being nonadhesive

th
t oeaz E :a[fsﬂ %6}1% f‘%@‘f ké’f’“’ﬂl 3 ansbgomrmerciadls ravwbllﬁ dat dxamphe s¢eet hod

of thi sl Kw&hﬁm@md | Bt h RAMVERHIR 1Eis %F%ﬁreﬁt g& £l éel eﬁt ric
barrier.djschargg treat ment, and gl ow di schar ge
t r eat néiﬁﬁil@‘g‘ﬂ%él edarvol- é’dpnd?t19u%29néolml Wilap &sSdBeNed YoM IanCahgiaur € gl ow
di sc harsﬁﬁn&fhdﬁétgﬂsiﬂaﬁﬁé ﬁhggn RiTicon allgys dd ga l?qu rarsemde The semiconductor can

have any convenient form, such as a bare die, a chip such as an IC chip, or a wafer.

Plasma Treatment

[0037] Plasma treatment of a nonadhesive material converts the surface properties of the
nonadhesive material from being nonadhesive to adhesive. Various types of plasma treatment
can be used in the method of this invention, including corona discharge treatment, dielectric
barrier discharge treatment, and glow discharge treatment. Glow discharge treatment can be
carried out using plasma selected from low pressure glow discharge or atmospheric pressure
glow discharge.

[0038] In one embodiment of the invention, plasma treatment is carried out by low pressure
glow discharge plasma in either continuous or pulsed modes. This is essentially a batch
process. Alternatively, plasma treatment can be performed at atmospheric pressure in a
continuous process using appropriate atmospheric plasma apparatuses. Other plasma
treatments can also be used. One skilled in the art would be able to select appropriate plasma

treatments without undue experimentation. Plasma treatments are known in the art. For



[ 0038] In one enbodi nent of the invention, plasma treatnent is carried out
by | ow pressure gl ow discharge plasma in either continuous or pul sed
nodes. Thw® a3g4eiseentially a batch process. Alternativel wCTpiSagne90
treatment can be perforned at at rmsph@ri C pressure in a continuous process
usi ng appropriate atnospheric plasm apparatuses. O her plasma treatnents
can also be used. One skilled in the art would be able to sel ect
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o bssnr QP ptleRt oRREES A R 4R 4 08 e SR T Bl o 5 Bl Bfasmeng. of |
pl asma tieatatemtcan mmmﬂsomratwfdsws ofaﬁtcpl@tdnnaltéiﬂht'i‘&w Hﬁtd@%&f gl to be
treated, the cont? % P ndi ti ons sel ected, the node of plasma treatnent

(e.g., BEERfiedxtoo M8 (eniment may et Watiatgn of t he pI asna appar at us

Pl asma [60@] MEBRhe iof pRdih gtlg% Syf LG render t
surfacet[of Itlhe matef i al In% Itflée&%déonb 1 Ci en?ﬁ}mﬁg@eg JnatgrL 1&9 an
adhesi viregeddhe Nrstmondlaamsrml&ctdd$theamdeeﬂ plasinaftdatrerdti(88., OftcRYs| east 1
east 0.002 second, alter natlvely at | east

[ 1 t |
(r)n 1 'siﬁ?,%% , P@eé‘h ‘ﬁ?x‘?éﬁ“ & fi @Lﬂé{nafppgréwan%iasrm freatent w@asﬂedtout foast 5
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alternatively, up 1 mnute, alternatively up
desi r abfe2 SWFrbpﬁil Hlasmy entmentrie aamied but forre tmrof@mmmpmmls@@aae process

ef fici eRgdnati hat are too der sonme treat ed
material s n%[-rlli{g etglg d\%{eotgpﬁr‘?é:gs aa&ﬁggl]?v af&f@ﬁtq]gl W@n@ tepnagiyely gt jasislma

t r eat mesecondyraltomatifrely acleastisl ®cordisr Plaﬁﬁﬁﬁ@étﬁqenﬁfs%@ﬂled%'i B hp 18 '39>§ﬁlﬂﬁres car bon
nmonoxi d hel i tlm hydrogen, nitro ni trous oxi de, oxygerﬁ) ozone, Wat er

vapor, CHATEN Uhe | mEREs pltermady Y HE 3530 sgconds dttheyeby desitablegaminiatizde
sel ect eflaéh® Fe@hdent time for commercial scale process efficiency. Treatment times that are too

long may render some treated materials nonadhesive or less adhesive.

[0041] The gas used in plasma treatment can be, for example, air, ammonia, argon, carbon
dioxide, carbon monoxide, helium, hydrogen, nitrogen, nitrous oxide, oxygen, ozone, water
vapor, combinations thereof, and others. Altematively, the gas can be selected from air,
argon, carbon dioxide, carbon monoxide, helium, nitrogen, nitrous oxide, ozone, water vapor,
and combinations thereof, Alternatively, the gas can be selected from air, argon, carbon
dioxide, helium, nitrogen, ozone, and combinations thereof, Alternatively, other more
reactive organic gases or vapors can be used, either in their normal state of gases at the
process application pressure or vaporized with a suitable device from otherwise liquid states,
such as hexamethyldisiloxane, cyclopolydimethylsiloxane,
cyclopolyhydrogenmethylsiloxanes, cyclopolyhydrogenmethyl-co-dimethylsiloxanes,

reactive silanes, combinations thereof, and others.



argon, carbon di oxi de, carbon nonoxide, helium nitrogen, nitrous oxide,
ozone, water vapor, and conbinations thereof. Alternatively, the gas can
be sel ectww @3roeam3ai r, argon, carbon dioxide, helium nitrragerso2ezone, and
conbi nati ons thereof. Alternatively, her nore reactive organic gases or
vapors can be used, either in their normal state of gases at the process
application pressure or vaporized with a suitabl eI device from ot hfarvm se
liquid sfo® LS cl.o o i | oxane,

) aui 0 Slopise. onsuRflods REKATRSY belhsit AT apfb5h AR e TRERS

cycl opol gdnditiong evithe ttwyidue expiriredntion dsngahe sbover @addl invearki th@B@fmples set

conbi nat} o hereof, and others. WO 03/041130 PCT/ US02/ 29990 10 [0042]
One ski I]ilogg‘sq W-he art would be able to sel ect appropriate plasma treatment
condi tions w thout undue experi menjalidam o g the above guidelines and the
exanples set forth bel ow Methods TF%S@—P@%M] The net hod descri bed above
can be U984k oThe wmpthod dasthribed abo@madéetulsed torpespast adlickive Ibondsi’lﬁﬁmhsttdiﬁ@i ment

b t f orm of vapaor or |iquid, or
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t hod t no For exanp t he
gF ec ? r zrﬁ)gﬁ Jem%m%%ﬁd 5 fs% ﬁ? %B’ﬁm&abr(‘é%%? O?WQF‘E?I%d‘EVH‘?S %ﬁﬁkﬁﬁﬂﬂét or
is an | Cde&iderp,ackldgbsz fElc@rdﬁde’&vﬁQs ghd gfetlods Gt tﬁelﬁf%ﬁtzétﬁ;neare RHGHn fSthB o7 | Nt ed

W ring ard PV\B?h printed circuit board (PCB). COBs and nethods for
their fapieXafplsn SP@CEﬁWWIﬁe caiebag ehip onfhoarde(CGOB), Whemﬂﬁa&mmohdmw at ed

Crcuit g f; n nte rcuit
Engi neerllg-ﬁg mcgb%o%’gtﬁﬁéﬁfn%gggg ?{Bﬁ&w on %1:%2%%( ‘t‘iﬁé‘ﬁ?é’?ln%?d ‘Tlﬁl@g%f) r{gg\%)
enbodi mewtpriafedtdiicsit boadr(PCH)., COBe anileabds &5t thelr BSEatioh hekidwald (g afty

el ectroni c device ckaetl n_whi ch a sem conduct or such as an ICchipis

at t ached°t S4PPlg 56 : aalnBLIR. Skingeer sk, hod
can be Unegrde ORA: BRI &ﬁ%& W StacPttéadaBeg A%fggféé JIRkATal, thereby

form ng an i nterposer.” The e ca theICchlpto
the pol yA#4S]c Ineme eimblodishart of thieihwemions thefrhethod & ealsydrir fabricainglang! i S

bonded rr ernatlve t hod, can be used to bond
the IC C?}e%tr%[h% Cfﬁlg@yg@% M _h”h%séml%ﬂn BY‘#/’{/S“CE :Il C ghipdp attachgd it hod can
be used shbstfhws‘hch lae a RBIpYdHRYidr CF SFedx@inpf, tHeOnbthd can be used to bond the chip carrier

to a polymeric material, thereby forming an interposer. The method can also be used to bond

the IC chip to the polymeric material either before or after the polymeric material is bonded
to the chip carrier. Alternatively, the method can be used to bond the IC chip to the polymeric
material only, and an alternative method can be used to bond the polymeric material to the
chip carrier. For example, an uncured material can be applied to a chip carrier by
conventional means such as stencil or screen printing, spin coating, and others. The uncured
material can then be cured to form a polymeric material. The polymeric material and IC chip
may then be bonded by the method of this invention.

[0046] In an alternative embodiment of this invention, the method can be used on a
polymeric material in the form of a flat pad, tape, film, or the like. For example, a
composition can be cured to form the polymeric material. Thereafter, the polymeric material
and an adherend are plasma treated and contacted according to the method described above.
[0047] Electronic device packages and methods for their fabrication are known in the art.

For example, the method described above can be used in the fabrication of area array



chip carrier. For exanple, an uncured material can be applied to a chip
carrier by conventional neans such as stencil or screen printing, spin
coati ng, wobssihieos. The uncured naterial can then be currd/tse2bmom a
polyneric material. The polyneric natz ial and 1C chip may then be bonded
by the method of this invention. [004 f In an alternative enbodi nent of
this invention, the nethod can be used on a polyneric material in the form

of a fl r Xa osi.tian can be
cur ed tgﬁafcgg%s ah@?e%g yrre %1& %%F%ﬁ%ggé%eg ?met all %b‘f PR gHEer i al
and an aattess cobdp suate pdchaga, dndestherd [vadfranpackages mﬁl@dé dhipGcdlo padkagepindod
descri bed. above. [0047] El ectronic device packages and nethods for their

fabri cat YBFsAE2 RN Rackpeehrnddpadirangsgpackagesmnd methedsiier their faluicatiphete above
can be Wﬁ&h?ea’ Pei£01é,%Be Of s, "’P‘a%%tﬁror %549 93/ 041130 PCT/ US02/ 29990

11 packages an rane packages rea array packages include ball grid
arrays, [9048]gribe mathodyisscrﬂjed pbsx&:edaﬁ bpals&hgﬁhe fanidatidnnefichip soardfackdages.
packages ncI scal e cka ot her Ar ea array packages and
| eadf r an¥ 18&8%86@ ag %Hieﬂ%gé %f elf ﬁ"gflPatf%F’ie 8D theraat, T faRics seehe
art, forU@@g@thossa%ngﬁ Patent No. 5, 858,815. [0048] The net hod
descrlbed above can be used in the fabrication of chip scale packages.

Chi p sca10@4?jac"IEng®$V6naam carebdrostd lmthefalbrmatlon absinglatchiprmodules (8GM) i n t he

t, f Pat No. 58 ti
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met hods for thelr fabrlcatlon ar e known in the art, see, for exanple,
Basi c | integgate ycaterenep Mreyal léiﬁbékmnuad Ifegate®Kirendr , ed. ,

I nt egr agl?e;%gtq](g%gg@&p% an;dhgpf%?cot t sdal e, Arizona, Chapt er

3. [005 aser B hove " Ean be used in wafer-|evel
packagi ni9osejt h@%meth'lihld&sdribé&@bd)ﬁbﬂ&lbb Heaisek BipAfef-levdl RkighenRiedst o its

use in wafer-|level packagi ng nethods. One wafer-I|evel packagi ng net hod
conpri s\é\ﬁ"lﬁ HY R B) h@e’s‘ftﬂaﬁg’led [bydsefensel ity vg 18 vafcs-lavel packagmganeihods.
(pol Yerbf RRLILE badi@efhe IR BhBrRe hedoAnk@RRpe Sed |1 1 2Pe aut omat ed

bonding (TAB) or a mat er ‘be adhered to the
subst r at 808k ngdbdrngnedib atacdeseterible@olymevie matévialymeta sodsteapbayiss auaed di e
attach m

erjals in f gbri s . nstead of uncured materials
and al | oS“ Eb1PP A% eﬁﬁ?on ’cnlge(% i Oéﬁﬁﬁﬁi’ﬁ@&?%cgm%ergﬁ@weya@éﬁdﬁéd and
t ar get edthp 9gstrhRNBingRE URIHRANEERRE MBHR. Thd method employs cured die attach

materials in the fabrication process instead of uncured materials and allows confinement of

the die attach materials to exactly defined and targeted positions. Converted tapes where a
silicone elastomer is applied by the method of this invention can be made and supplied to
assembler for ease of manufacturing, since the assembler does not need to deal with a wet
(uncured) die attach adhesive, and adhesion can be created on demand.

[0052] Alternatively, the die attach material can be adhered to the substrate by conventional
methods. Such conventional methods include applying an uncured die attach material to the
substrate and thereafter curing the uncured die attach material. The uncured die attach
material can be applied by, for example, a printing method, a dam and fill method, or a spin
coating method. The substrate with the die attach material attached is hereinafter referred to
as a converted substrate.

[0053] Bond windows can be fabricated in the converted tape by, for example, punching,

sawing, or laser cutting. Center-bond or edge-bonds can be applied.



silicone elastoner is applied by the method of this invention can be nade
and supplied to assenbler for ease of manufacturing, since the assenbler
does not weed/soiddeal with a wet (uncured) die attach adirEaiusez/2emad

adhesi on can be created on denand. [Og%‘SZ] Alternatively, the die attach
material can be adhered to the substrate by conventional nethods. Such
conventional nethods include applying an uncured die attach material to the

bstrat d UL ed di tt terial. Th
cncur cd 1002 A SRR b Rebild oA S hel il AT CB} Bl et g
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Sol der balls can then be attached to the bottom side of the converted
subst r atlB059][ disiallyyypealavel testirfge pr metking, e bothrags then camiedionyy, or both are

(hen, Ca100qH, SheubSoT SR 00 o dDROBGEESSN Lo GE Be e,

carried "out nventi ona
| evel paoblags sagvimedhadigngir e known in the art, for exanple, see U S. Patent
ver, one skilled in the art would recogni ze that the

No. 5,8 5 :

met hod !cslgo‘tglﬁu Y ﬂg‘:ﬁ%ﬂﬂ%‘?ﬁ%‘% methods srekagwn én theart, forgxpaple, ssed.SpBatkatgi ng
may be 1 kagl - chi agi ng, as
wel 1 883 I T ey PR O ed TR BT wo e R B ST T
be used ivnfiak ¢ natilipritedde vsciaswafenieve patkagingy maygby e ih stifer padkdgthgconposi t e

wherein ntier%ﬁocpsf)ls%ﬁgrs icﬁipqg\t/e? rpiacaklaging, as well.
[0062] In an alternative embodiment of this invention, the method can be used to make
micro devices. One such micro device is a bonded composite wherein the polymeric material
can be, for example, cured silicone and a substrate can be, for example, cured silicone, other
materials, and combinations thereof. These composites can have various forms including
laminates or three-dimensional (3-D) objects. In one embodiment, a composite structure
comprising a cured silicone as a polymeric material and a solid material as a substrate is
prepared, wherein only a part of the surface of the solid material is coated with the cured
silicone, and the surroundings are not stained with a low molecular weight
organopolysiloxane. The 3-D objects can have added functionality like thermal or electrical
transfer by means of adding special fillers. The method may be used as to pretreat
components of composites prior to or during assembly or to create fiber interphase adhesion,
such as for optical fibers. The thin bondline created by plasma treatment should allow
adhesion and electrical and thermal conductivity.
[0063] In an alternative embodiment of the invention, the method can be used in

optoelectronics and photonics applications. The method will adhere optical components with



can be, for exanple, cured silicone and a substrate can be, for exanple,
cured silicone, other materials, and conbi nations thereof. These

conposi t ewocwr4hidve vari ous forns i ncluding [|am nates or AdwWeE®2d99rensi onal
(3-D) objects. In one enbodi nent, ingSI te structure conprising a cured
silicone as a polyneric materi al and solid material as a substrate is
prepared, wherein only a part of the surface of the solid materlal i's

coat ed o%efl@&w%%&ﬁ% | I | EQQ%SF@ hgaﬁlZc%rmrﬁ%léQd' ng ?S)B*]%[ggtogm st ed with

a | ow nol ecul ar Wwel gano mateay a added

f unct i onahjotiyy bf dﬂach mevemlw @ptical ﬁiéﬁsfmﬁiﬂn lotsearOptival PteiBRfclode SHEHNRY
special fillers. The nethod may be used as to pretreat conponents of

conposi t 4typesy sikign Qi?tlca]c,@?%@ sHicoperBely, silicope resimlengess siljeon, and eﬁhprfv:aibese

1 cat mont PG oy Bkt BEbhRles IR spet bRl BARR i SHE e Bhd

[0063] Iprovidesiheebility toaiterdodingeof maferl'ahén kit entl ivith lokhefleaivedekseéa Suble

used in optoelectronics and photonics applications. The nethod will adhere
opti cal P}Bﬁﬁ%?@ﬁf%‘l igferiacencn ey ‘D]@ﬁ@@n?’ E}%@’YZQQW strgssegieadatgd tect i ve

| osses Xalp NN UP; rials, the
mej or i tylﬁg)?OM| c%ﬁ;ﬁgve I% %(;{5 cer t ran ss@%weﬁggé%ggﬁgpq{nlaggltdgmt erials

i ncl ude leinfinationk Plashmdtaatreers cas igrodde aphifamh bbndeves comiplexanrfacegells
silicone_r ri.,als. can be_used in

d .ot
phot oni ¢&° E'SI n‘&%@ ?Sé’a’(‘?ﬁlsﬁ Oflg}q’é%a Ore Eﬂ?fﬁﬁéngfﬁé!’éﬁrl}gtﬁﬁi}l@%«@?%@goﬁr ovi des

the abi | ddlor fileer askegibly)aTheR@hodlof '@lﬁ& BlveAtich is'&d%rft hoeoft'th Hbdeh Pﬁ(‘!ﬁtloﬁ% lective
| osses. Such plasnma adhered interfaces may ess prone to er ma

i nduced becpusedeavoidsehelnersl fooadhemyeswddch miy amrddiut:qa depraraty refeacties atlex, e :
cycling g‘l{roguCe rb R ggntgrtf ? alpﬁ]na%rﬁ%egg n%%tgq?]bl | am nation). Plasm

treatrren can I’OVI ex surfaces. The nethod

coul d al [90641e lﬂls@ChlteﬁldtWB em%edlhue@h bf Bt finvehf68,thé Polvhtic Randtal (d Shkrdy s
(bonding . of color filter assenbly). The nmet hod of "this invention is

advant agiltppeielstomes ghat gan b@;ataﬁ%ﬁgnspa@@h@s@ht tTheuasgen reptmaetadt poly
adhesi Vec?eat«‘!@cﬂ:l@ Bﬁlﬁeﬂv@eﬁ edasﬂ?@ogl rzﬁs ?faﬁﬁl%e[s}glg%tﬁﬁfgl it 31 Bn%ega ggﬁgfl Ve

reflective I nt er aces, I NnCrease orp 1 on
enbodi nmenterfate telgoni bw\eeﬂn the cutet giljipohy etestomenaidethe alibstiatethaiis @dnspaient ONe

el asto r t. can be an rent tqQ light. The plasma treatnment not
onl y &?A’ﬁ 2@“%1@% L5 1 g‘i"\"/\jé)éﬁ of Reht e 1a pvide ieee PESEbABRE N d hisho
subst rate@nb&&%eﬁ'1§ﬁsefflﬁleiﬁb?§)eﬁ@troﬁ1@§ @Jrﬁﬁﬁﬁicé@&iﬁﬂt%%?ﬁ@eﬁd&h%ﬁcﬁhﬁgug l'i cone

el astoner and the substrate that i1s transparent to may result
in | ow I'giskingfto b¢ heundeyethgyryi it isthwiighd thai tlypeinterfana well halgi ddiffetemt sefractive

index than the bulk of the cured silicone elastomer. In some instances, the adhesive interface

region or bond line created by the plasma treatment is 10 to 100 nanometers thick. This range
of thickness is less than the wavelength of light useful in optoelectronics applications.
Without wishing to be bound by theory, it is thought that the interface can be functionalized
or plasma modified to have designed refractive indices useful in optoelectronics applications.
[0065] In an alternative embodiment of the invention, the method described above is useful
in the health care industry. The polymeric material used in this embodiment is a cured
silicone. The resulting plasma treated cured silicone has adherent properties that can be
applied to various adherends in various products for medical applications. The plasma

treatment provides biological surface cleaning.



enbodi ment i s useful in optoel ectronics communication and transducer
devices. Wthout w shing to be bound by theory, it is thought that the

i nt erf acewwi d3lo4hiave a different refractive index than thedudo2/999 he
cured silicone elastomer. In sonme instgnces, the adhesive interface region
or bond line created by the plasma treatnment is 10 to 100 nanoneters thick.
This range of thickness is Iess than the wavel ength of |ight useful in
optoel ectronics applications. Wthayt\ \WhphRtng to be bound by theory, it is
t hought that the interface can be functionalized or plasma nodified to
have desi0§6eld ﬂ"hésea&amp]es amdnteaded@eﬂuﬂtrate%he piveaties to @i skled R ket 4HANS -

[ 00651 Iriﬁ @T N atl ve. enpodi megt of th%el nvention, the nethod descri bed
above i s 1P¥&FH ell elﬂ’ﬁeée% PHngthesqopg g& theynventian seji forh in teelaimsi al used
in this enbodinent is a cured silicone. The resulting plasnma treated cured
silicone has adher ent properties that can be applied to various adherends
in vari otefers i Presbura 6idow dAsdharpe. Plddnen (PR  t r eat ment

d ‘ | 041130 /[ USQ2/ 29990 14
E&Z\I\I/IPL EZ[OBF@ g]]§ &éﬁ’@g{e i @gﬁ:ggg‘irﬁt?%ﬁg‘%p’feésm? K(ggﬂﬁ @ terperadiyent i on to
one ski lfrefhendy (R cald pl@fﬂﬁ’a $21(3 ’t{hﬁi oPéiﬁteQ glthé}tv@ﬁp&e@ﬁlgogéoﬂt’ﬂ%\&é Q& ﬂcﬂﬁ scope

of the invention set forth in the clains Ref er ence
Pr essur dNtg B ectos Hapughomt therpapdditeim)ly coasad plasa tratoreht ﬁﬁc@ba&“ﬁa smm

t t dio nc cold
o1 s, oo RS B a thaRBer P 300 S} St wishiaRoR YU RFow i nt o
t he reacgeneratdr(opighiesist 13065 magaeith aliih W%il tpavRt BOAhek %fbrs%@wa%@mw ocess.
The system. has a coptraql unit, plasnma chanmber (24, 50 cubic centineters)

Wit h qua‘iOPEn‘gqqscfog‘ﬁ%lEfandﬁwacwﬁ@ﬂmpoith ehnsber éwer182566mmgea¢mr'ﬂm Wit h

out put and a
vacuum %\Aﬁg&eﬂ 1@3&?‘?%5 zgeﬁgt ZBQI %’g cen%?%fméiwggiogmgﬁppé%t his
50 cent iBMiE} BF G‘dmera:cgrsPMhl h2G leﬂled Céﬁterl BORNA6600 03R&dller PP hBiNY PML19
RF Gener at or , gﬂlOZ? Fe ct and PMA00OC Controller. This unit is
comrer ci AT F‘&"’Ba@ ?%ﬁqg ﬂtemqp@pqa]fthsg}@&orpp@gm 37 pBuatvand. 31172
Hunt woodAvefvere, BBX@B(B%}/%@@ cAloyyer d, CA 94544, Reference Exanple 2 -
Low Pressure G ow Di schargé Plasnma (LPGD) [0068] A Harrick PDC-32G Pl asna
Cl eaner gener at es a |low pressure, radio frequency cold plasma. This

cl eaner jas . flow into the
reactor — &t nent process. The

. Cl - -::.
system Hﬂ%&} CA( [Halmtﬂdﬂd B]BC 32G Plasma Cleaner generates a low pressure, radio frequency cold

plasma. This cleaner operates either with or without continuous gas flow into the reactor

throughout the inductively coupled plasma treatment process. The system has a cylindrical
plasma chamber (800 cubic centimeters), radio frequency (RF) generator (operates between 8
to 12 megahertz with output power at three settings of 40, 60 and 100 watts), and a vacuum

pump. The chamber diameter is 7.5 centimeters. The chamber length is 18 centimeters.

Reference Example 3 - Atmospheric Pressure Glow Discharge (APGD) Plasma
[0069] An Atmospheric Pressure Glow Discharge (APGD) Plasma unit operates at

atmospheric or near atmospheric pressure is used to treat the surfaces. Plasmas are generated

at a base pressure of 1020 millibar from He, He/O9 (99%/1 %) and He/N» (99%/1%) gases.

The treatments are carried out with various treatment times of 1 second to 8 minutes. The

inter-electrode gap is selected between 6 to 10 millimeters depending on the thickness of the
substrates.



pl asma chanber (800 cubic centinmeters), radio frequency (RF) generator
(operates between 8 to 12 negahertz with output power at three settings of
40, 60 andol@B®4wadts), and a vacuum punp. The chanber di @eares02wIT. 5
centinmeters. The chanmber length is 18;gentineters. Reference Exanple 3 -
At nospheric Pressure @ ow Di scharge (A GD) Plasma [ 0069] An At nospheric
Pressure @ ow Di scharge (APG) Plasma unit operates at atnospheric or near
at nospheréferoetEERMASIe4S: a8 DHid Pyl Teqt the surfaces. Plasmas are generated
at a base pressure of I0Z0 miITipbar fromHe, He/ 02 (99% 1% and He/ N2
(99% 1% [‘)Qg@.]e sA StatheDiey Bull esttispafaemed by iadheringta fidtthead sorbw @1 03net, nent

ti f dto 8 m . The i -el ectrod N | ect ed
pet waon B ORI PLbE B IFadipEIhe srev mockigied wich siechedodte at os.
WO 03/ 04hbBReeild piiliaS 8 W0stud entil REfgE %ﬁ&eﬁs-@ﬂféﬁ :ﬁ)gelplﬂ%g gffe]%g%]%leﬁ Ielg‘g 'tfga(:t}]g jv t

[0070] A Stud (Die) Pull Test is perfor

(#1032- 12dhgsive Mpverdh@ o adgp of thefdie; ¢heofantieisdinasatidifor adting dud® dikew
into th j taches.to th nal yzer, and pulling on the stud
until f :c}%érfgeln %ﬁ rg%r%%v\kﬁ e SPaiate ﬁbe fichedd SEYS afeovashed Bithiteluchgrsiange
Tl ows' tovRiofioie e nagdaevent adHiSiofliof thel BRve RITRL Qid N
due to direct adhesion of the screw to the su%g{elfg?g&ﬁﬁ(gb ?E(Jggﬁﬁlélgzﬁeggrem
are wasHwysehioldhsupsr glndy used fanrtbis pugpase.d of oi |s that may prevent adhesion
of the screwto the die. Bondini TM*) (Everything CGel) household super
glue is used for this purpose. Reference Exanple 5 - Die Shear Strength

Test [ ORERreAcdEanfiles!- DieShes BRh&@T®A by placing the shear tool (Royce
552(r)) against the edge of the die, and the force required to shear the

die frofP0Hd aAikde Shenrilsstis penformbd tyqilacing thetshedraodli(Reyaf 532180 againp the

lyim h ich the die.s att d) . is_adjusted t) t
for oxs. g SEt (RLBRH METoRR sl piedr Fhei s Romuns Saprind hracpided: Moty ¢ o be
pr oper | yhatskesizeek thésREMFpEifiaking l(J};i? ?}]eg’f‘%{ch-[ﬁéﬁﬁris hthache ri?&c;lg' é'th‘gcﬂpitXer sal

strength testi ng system for eval mcroel ectronic structure hat
measur eSPH ¥IoEbe Fnrla joldenirapewerk(h) mjllaneteis darl Otneidlimetars) toebedpreperly

Ref er en L. J Test [0Q72] The concept of_ using a

heni sphgg?%gﬁr%#ﬁ&%g% rl;jsle §ﬁ%f"rf (e5er %?&F%F‘é‘ﬂ&l‘é‘?g?@ 55’%‘5@1 te%lﬁlgtsﬁiig@ohnson

Kendal | feobahiating HiEbeBbtashic kiuddSeeHaPmERRT Be bhSI éféhgt%%e?fohﬁ th of
ul'us si

adhesion_inparted by a plasma treatnment. A high el asti | cone
| ens ( SYhegatgsern the die.

Reference Example 6 - Modified JKR Test

[0072] The concept of using a hemispherical silicone lens and flat adherend system based
on the Johnson Kendall Roberts (JKR) study is used to measure the adhesive strength of
adhesion imparted by a plasma treatment. A high elastic modulus silicone lens (SYLGARD®
184 commercially available from Dow Corning Corporation of Midland, MI) and the
adherend are plasma treated in a selected gaseous atmosphere. The treated lens and adherend
are brought together into intimate contact under load. The lens tends to recover its original
shape and thus exerts stress on the circular bond line. At equilibrium a finite circular area of
contact between the lens and the adherend is obtained and leads to the energy of fracture

expressed in Joules per square meter.

Reference Example 7 - Stock Materials

[0073] Material A is a curable silicone elastomer composition having a modulus of 0.30

megaPascal after cure. The modulus is a secant modulus at 100% strain using a dumbbell-



184 commercially avail abl e from Dow Com ng Corporation of Mdland, M) and
the adherend are plasnma treated in a sel ected gaseous at nosphere. The
treated | woso3aadisadherend are brought together into intirrtreUssent®@et under
| oad. The lens tends to recover its orikginal shape and thus exerts stress
on the circular bond line. At equilibriuma finite circular area of
contact between the lens and the adherend is obtained and | eads to the
ener gy Ghapddasbsih L Joul: re meter. Reference Exanple
A O S e R R SR R R e
conposi tgnteras\desryibed mASTME DeB80. 30 negaPascal after cure. The nodulus is
a secant g;ggug\% at %00% st irl. usi E]g a dunbbel || WO 03/041130
pcT/ Uso2PS69goMatrgal ésp%ﬁuré%@éf P8R FesiemeR eeBRosItian hayings spepntanedilus aist er
at a cro9evheath 6PE 86 nk@aPaehaFiePBlire. ThdWebent3RoERGE h%ﬁgu%&]bﬁwar%g?’&
[0074] WMaterial B is a curable silicone elastonmer conpositio aving a
secant raehedias for Matgdelst rai n of 0. 36 nmegaPascal after cure. The secant
nodul us is neasured by the sane nethod as for Material A Conparative
Exanple 1 [0075] A sinplified test vehicle (TV-46) IC chip wthout a
passi vatCampara@tirerEdagple di nensions 7.4 millinmeters by 5.3 mllineters.
[ 0076] ﬁ&igrlp scal e spacer is printed on the 1 mlli-inch thick Upilex S 25
pol yi i d20SHeeh simplificq test yebirle| (TVi-4HCidhincwithew agtassivationdagen ha8 mi | 1 -i nch
di anet erg; s LT : f hip scal e spacer is 5 negaPascal s
diRBEIddd ffg&!ﬁ?ﬁ%ﬁ 6%@%?3 )&Bgﬁ?lg’%rs

neasured by ASTM _ _ of the array of apertures is 0.75
mi | i met[@9%] Thehipesalk spargr jarpritedtoiibhimisli-idshQhRK N BHIeR!S-A5F 1 9imifiOthedP
m nutes. A dlzﬁm{a}ht.aéhh@gem ve i s printed on top of 'the cured spacer using
a 5 mlPPRAC il ssstrarci with 1 mglirineh diameteh apirtures. dodapsrofthes .
Modul us chifp dehiR spalicis™ tRsdp I i al s neasured by ASTM D638.
Exanpl e 1p| 007§f- ﬁ/a% eril ag @QJE@@%@#@%%@@@;@ of five mlli-inch on a
Upi | ex 1887polA pitsltef theriray shaettusasds 6.05 eadllahetdBOTIRG chwltingd Brififed nubbihs | S
used as a plasm %as treatment tine is 70 seconds, pressure is 0.78 torr,
RF poweT§ @radet 150\%6} fos 30 arigutes: 4 discpttecicgdtiesive & pifntedga by dfahe eigbdigpaet ar ge
[?Ir :2 rsn?l nﬁlsﬂﬁgagl A EncHBiAnE A& A GG I%ﬁﬁ-ir?‘cq'lddi;—n%éé? af;ierrt%retsr ﬁ/%d%ﬂls %¥ tﬁeh ©

die attach adhesive is 5 megaPascals measured by ASTM D638.

Example 1
[0078] Material A is drawn at thickness of five milli-inch on a Upilex 258 polyimide (PI)

sheet and cured at 150 OC for 30 min. Air is used as a plasma gas, treatment time is 70
seconds, pressure is 0.78 torr, RF power is 187.5 Watts, and RF frequency is 13.56 megahertz
using a large Branson/IPC plasma. Both the adhesive pad and TV-46 are treated by the
plasma.

[0079] The products of Example 1 and Comparative Example 1 are evaluated according to

the method of Reference Example 5. the results are in Table 1.

Table 1

. Material Die shear strength (Kg-force)
Comparative Example 1 wet-based process 3.0
Example 1 Material A >10 (%)

(*) The PI sheet failed, not the adhesion.



[0079] The products of Exanple 1 and Conparative Exanple 1 are eval uated
according to the nethod of Reference Exanple 5. the results are in Table
1. Tabl e woMstoarizal Di e shear strength (Kg-force) Conpar @dmvesoezenmpl e 1
wet - based process 3.0 Exanple 1 Materigl A > 10 (*) (*) The Pl sheet
fail ed, not the adhesion. WO 03/ 04IISd PCT/ US02/ 29990 17 Exanple-2 and
Conparative Exanples 2-4 [0080] A 10 m| filmof Material Ais printed on
pol yi m dexd/Rbik©%ndTH @1@%%;4150 oC for 30 minutes to forma

si | i cone pad-. Surtace con die and the silicone pad are
treated [998&] r Apl GasitdilmorfdvistenialsA éf print@bon polyimido Upillek LSS aad t edaA50d
treatnent tinme wusing the Branson Pl asna chanber. The treated die and pad
are put Pwfey 30rmm’qltﬁsé0 tom &elﬂlctb@rpadadkﬂasfhcmoﬁib%dh6rs@1coﬁmme aebthk silisgngpaduct s

are desc 2 and..are ed b thod of Reference
el oo st By bt ooty GRS o7 05465 odVostsring IHoP08 Feaientogr anrs-
force) QmmﬂﬁtBrM@oEHdﬁﬁiaQ:haanﬁm tﬁeét%é"di%d%dah'a?@ﬁﬁ iRddntmte cgﬂﬂaxt fo
Conpar ati ye Exanp 3 Plasma treating TV-46 only 34 Conparative fe

No pl as n%iih@ﬁleaﬂ?ﬁ%ng Dihe reslting proflugia dre deserthst én Iampéamdrage btﬂlﬁatéﬁ\bmmeand >
1000 sil I Co ve Exanples 2-4 show a
syner gi slftn:é@lgg ec{&%%gﬁ%a%%fﬁ%?ﬁ@%&ﬁ%ﬁ%&on is created by plasma
treatment of both the polyneric nmaterial and the adherend, rather than
pl asma t,gig? ggnt of only one of the two, in this test protocol. Exanples

3-36 [00 terial Ais drawn at thickness of five m'IIi-inch on a one
mlli-inch UpiTéex 25S potyrnide steet—and s cure 0Cf
m nutesf to form a si | icone pad. A surface of TV-4 ge]l)l#lggﬁm}ﬁﬂét%?‘mst he
il treateg—Exanples—3-36—are )i ed out th
silicone Cé’mparaﬁve E’xample 2 "Plasma treafing silicone pad | 152 Se—ou—w
only

Comparative Example 3 Plasma treating TV-46 only | 34

Comparative Example 4 No plasma treatment Die falls off pad

Example 2 Treating both TV-46 and > 1000

silicone pad

[0081] Example 2 and Comparative Examples 2-4 show a synergistic effect in that much
stronger adhesion is created by plasma treatment of both the polymeric material and the

adherend, rather than plasma treatment of only one of the two, in this test protocol.

Examples 3-36

[0082] Material A is drawn at thickness of five milli-inch on a one milli-inch Upilex 258

polyimide sheet and is cured at 150 ©C for 30 minutes to form a silicone pad. A surface of
TV-46 silicon die and the silicone pad are plasma treated. Examples 3-36 are carried out with
various plasma process conditions, i.e., varying treatment pressure, treatment time, and RF
power using air or oxygen using a Branson plasma chamber. The samples are tested

according to Reference Example 5. The conditions are in Table 3.



various plasma process conditions, i.e., varying treatnent pressure,
treatnent tinme, and RF power using air or oxygen using a Branson plasma
chanber. Woesganmpbes are tested according to Reference BErampise25999The
conditions are in Table 3. WD 03/04113 g PCT/ US02/ 29990 18 Table 3
EXAMPLES GAS Pressure(torr) Tinme(second) RF Power (Watts) 3 Air 1.5 70 75
4 Alr 0.05 20 187.5 5 Air 1.5 120 187.5 6 Air 0.78 20 75 7 Air 0.78 120
300 8 AT4b1®378 120 75 9 Air 1.5 70 300 10 Air 0.05 70 75 11 Air 0.05 70

3 A—A+—0-05—320 187.5 15

300 12 ﬂ{g [4 (. O 1o I\ U OO0 )
Air 0.78 201\%)%@8 16G§Sr 1.5 20 pﬁerésiﬂ%({‘?% EL QﬁecPé‘a;;c POWET 15 Iair 0. 78 go
187.5 1q9 Arr—6—78-760—1875 D) r\/unan 115 70 75 5 20 187.
22 Oxygeh——5-120 18¥ 5 53 ddden 0 78 24075 24 C)<\7(§en 0.78 120 300 25

' 78 120 75/ A6 Oxygen| 805 70 300] 20 | 1875
Oxygen [0 : ¥yd

5 Air 1.5 120 187.5

6 Air 0.78 20 75

7 Air 0.78 120 300

8 Air 0.78 120 75

9 Air 1.5 70 300

10 Air 0.05 70 75

11 Air 0.05 70 300

12 Air 0.78 70 187.5

13 Air 0.78 70 187.5

14 Air 0.05 120 187.5

15 Air 0.78 20 300

16 Air 1.5 20 187.5

17 Air 0.78 70 187.5

18 Air 0.78 70 187.5

19 Air 0.78 70 187.5

20 Oxygen 1.5 70 75

21 Oxygen 0.05 20 187.5

22 Oxygen 1.5 120 187.5

23 Oxygen 0.78 20 75

24 Oxygen 0.78 120 300

25 Oxygen 0.78 120 75

26 Oxygen 1.5 70 300

27 Oxygen 0.05 70 75

28 Oxygen 0.05 70 300

29 Oxygen 0.78 70 187.5

30 Oxygen 0.78 70 187.5

31 Oxygen 0.05 120 187.5

32 Oxygen 0.78 20 300

33 Oxygen 1.5 20 187.5

34 Oxygen 0.78 70 187.5

35 Oxygen 0.78 70 187.5

36 Oxygen 0.78 70 187.5

[0083] In each of Examples 3-36, the polyimide sheet failed, not the adhesion. Examples 3-
36 show that a variety of plasma treatment conditions effectively create adhesion of the

silicone elastomer and the die used in this method.



27 Oxygen 0.05 70 75 28 Oxygen 0.05 70 300 29 Oxygen 0.78 70 187.5 30
Oxygen 0.78 70 187.5 31 Oxygen 0.05 120 187.5 32 Oxygen 0.78 20 300 33
Oxygen 1. Wa23/018805 34 Oxygen 0.78 70 187.5 35 Oxygen O.P(A/00228905 36
Oxygen 0.78 70 187.5 [0083] In each ofgExanples 3-36, the polyimde sheet
fail ed, not the adhesion. Exanples 3- 36 show that a variety of plasm
treatnment conditions effectively create adhesion of the silicone el astoner

and t he RéfereHs€BxAfpIER S net hod. WO 03/ 041130 PCT/ US02/ 29990 19 Reference
Exanple 8 [0084] Bare silicon wafers and silicon wafers coated with a

pol yi mi d8084at Barg siliepx vaders asd silitorowefdl ddatdogiyis 2 pokymileeostinpg@IX3adoignt o 5
mllimet . S mmdies. T Si | at.ed ies. are washed with

dei oni z"ei§ Tater la‘%ésélﬁtﬁmﬁgﬁﬁﬁglgﬂgfedsla{%gl)rj@islﬁ’(‘?ﬁr?‘Bé‘? RETE:S 1g%- dibggingpiptab |
Bare si |diexute diasitedanih Belbiized Gt 88 RHhES p&'s uﬁfeti@&lftg%%%%ﬁcﬁan ilicone

el ast oner ads after both surfaces are treated by pla . The pFasma gas
is air. [0883g Bae sfiovedieszng pplyimidetooated dies atk attachedhon tiersdivghé elastomeasur ed

f 5 i ded. . The di ize.is, 5 5
Lo conias Blerfh hacBY e 38eick by PR T nlaTE o4 8 25 FRingdn Rty ° ™
i | 1§ net5se® inkixanpitedic e GtrbAIB BImSMRLRAIGBY 5 %ﬁe?éﬂd‘ﬂlQQVQQ%ﬁs%&?réléd. -inch

KAPTON pol yi.m de_sheet using a 4 mlli- inch thickness sten ere many a
pair of erfie pizerist emnkby 3 mmiand pesttest areacifdngdik an thpsititancamd igatoupa0t er ned,

and therg,,/ : mllinmeter spacing between two apertures. A pitch of

t he paisgu%rgnggé?%%rsés is 5mllimeters. The printed pads are cured at 150
oC for 30 mnutes. Both the silicone pads and bare or Pl-coated dice

prepared.in geference Exanple 8 are treated by plasma using the Harrick
PDC- 32G: Tehditions are: air as gas, 60 watts, 5 seconds treatnent

tp: e, _aidodh)S MRekiaPB fSsiiEd off A il fuchk APYARNSHyihad BRPESh AL Slink- e
inch thickness stencil where many a pair of 6 millimeter x 13 millimeter rectangular apertures

are patterned, and there is a 1.19 millimeter spacing between two apertures. A pitch of the

pair of apertures is 5 millimeters. The printed pads are cured at 150 ©C for 30 minutes. Both
the silicone pads and bare or Pl-coated dice prepared in Reference Example 8 are treated by
plasma using the Harrick PDC-32G. Plasma conditions are: air as gas, 60 watts, 5 seconds

treatment time, and 0.3 torr pressure. Each die is attached to the pad after the plasma
treatment for 5 seconds under 1.25 kilograms at 220 ©C. The die bonded to the silicone pad

by plasma are located in a 85 °C/85 % relative humidity (RH) chamber to show adhesion
against moisture after 1, 2 and 3 weeks. The samples are tested by the method of Reference

Example 5. The conditions and results are in Table 4.

Table 4
Example Average Die Shear Strength Die Shear Strength
(Kg-force) (Kg-force)
Weeks PlI-coated Bare Si

37 0 1.8 2.2

38 1 2.5 1.9

39 2 2.3 1.6

40 3 2.4 2.3




treatment for 5 seconds under 1.25 kilogranms at 220 C. The die bonded to
the silicone pad by plasma are |ocated in a 8 oC/85 %relative humdity
(RH) chanberostoeiishow adhesi on agai nst noisture after 1, 2canmbso3d2emeks. The
sanpl es are tested by the nethod of Rejerence Exanple 5. The conditions
and results are in Table 4. Table 4 Exanple Average Die Shear Strength Die
Shear Strength (Kg-force) (Kg-force) Weks Pl-coated Bare Si 37 0 1.8 2.2
38 1 2. 008 TBRs@eandplds Shovfla /.29990 20

[ 0087] 'E[I'hese exanpl es show thatg%%?lgglg%&asgsﬁe(ggﬁ%ﬂ%%g%{ﬁ%@#ggoﬁ.@ﬁ?eﬁtat | asts
for at ISE%Zel weskysvithouhmgniicant dheraasesh gmérgticarah bdesasaisssingths hiegdtdf) can
be creatigd:usil . off this invention in this test protocol.

Exanpl egﬁgiﬁg{}%%%?@g@' di e bonded to the pad in Exanple 37 is
stored in the 150 oC convection oven to show effects of high tenperature

storageén tEe szesi on. The sanples are tested by the nethod of Reference
Exanpl e =% 4d¥di tions and results are in Table 5. Table 5 Exanpl e Weeks

Di e Sh th - i h St th (Kg-f f f
S, L B o Bt S e S5 oy e
exanpl esveh@VehbRa T AlehipBAGE sti¥adeG B LA 2f Tﬁ?hi%azlaoil%ggsfeg can be

mai ntai ned after storage of a device prepared as descr bé’tored
at r el atheapiiodpfReferenep Eixampless. fitie copditionSandeekitsisé moT4bl 5. t est  pr ot ocol .
Exanpl es 44-47 [0090] The same pad and dies used in Exanple 37 are used. To
show how | ong pl asma- '

Table 5

Example | Weeks Die Shear Strength (Kg-force) | Die Shear Strength (Kg-force) for
for PI-coated Bare Si

41 1 3.8 2.6

42 2 3.5 4.2

43 3 4.8 3.4

[0089] These examples show that adhesion created by the method of this invention can be

maintained after storage of a device prepared as described above is stored at relatively high

temperature for up to 3 weeks using this test protocol.

Examples 44-47

[0090] The same pad and dies used in Example 37 are used. To show how long plasma-
activated surfaces are effective for adhesion, die attach is done after 1, 4, 8 and 24 hours after
plasma treatment of the surfaces. Plasma conditions and die attach processes are the same as

in Example 37. The results are in Table 6.

Table 6

Example | Elapsed time (hr) | Die Shear Strength Kg- Die Shear Strength (Kg-
force) with PI-coated Die | force) with Bare Si Die

44 1 1.8 2.2

45 4 1.8 1.8

46 8 2.0 1.2

47 24 1.8 0.5




activated surfaces are effective for adhesion, die attach is done after 1,
4, 8 and 24 hours after plasma treatnent of the surfaces. Plasm

condi t i onwoas4tide attach processes are the sanme as in BErampise23%90 The
results are in Table 6. Table 6 Exarrpb? El apsed tinme (hr) D e Shear
Strength (Kg- Die Shear Strength (Kg- force) with Pl-coated Die force) with
Bare Si Die 44 1 1.8 2.2 45 4 1.8 1.8 46 8 2.0 1.2 47 24 1.8 0.5 WO

03/ 041130@09GT/ /

o conqUet o o nan Re BUbrad far are Ane kAPl EbM K3 158 Bpuy

t r eat nerhoushaftayolasme treatmen wind hefinie dongacting ivdthnesiitaneali¢ aedoh meft@idlaind and
adhesion 4s..still..created.usjng this test protocol. Exanples 48-71 and
Conpar a?a}d\ll%mg}ésrﬁuluecﬁeage(&%n%%‘E)%ﬁtpﬁ’i@c‘gl-coat ed die and printed Material B
as in Exanple 37 are used. Various plasma conditions and die attach
tenperatures are %ﬁpl I ed otherwi se the sane as in Exanple 37. Untreated

assenbl ilamples 4§-dhandGeomparative Exanples 66t s of pl asma for the strong
dhesi L1 . h in, Table 7. hle 7
Bl oJORTAS HERCL e AREpRESE Mt B8 Wablite B vrEndich VodpRuplasma

Tenper atdonditio@y afddicfaasidelempesaaedsh: abPlREsREAWNE the Nand LERL 163720 0.1
(*) 48 conpressed air 5 220 3.1 49 02 5 220 3.3 50 Ar 5 220 2.7 51 He 5

220 2.2 Unficaggdassemblies prepalsetesieg tashpppeffeas oftpasmen for thest®nplodisint oot - RT

0.2 (*) conditions and results are shown in Table 7.

Table 7

Examples Plasma Type Treatment Die Attach Die Shear Strength
Time Temperature (C) | (Kg-force)
(second)

Comparative 5 | No treatment - 220 0.1 (*)

48 compressed air | 5 220 3.1

49 0)) 5 220 33

50 Ar 5 220 2.7

51 He 5 220 22

52 COy 5 220 1.9

53 Ny 5 220 2.9

Comparative 6 | No Treatment | - RT 0.2 (

54 comp air ) RT 1.1

55 05} 5 RT 1.5

56 Ar 5 RT 1.1

57 He 5 RT 0.3

58 COy 5 RT 0.4

59 Ny 5 RT 0.3

60 comp air 20 220 2.5

61 00} 20 220 2.5

62 Ar 20 220 3.4

63 He 20 220 3.0

64 COy 20 220 3.3

65 Ny 20 220 3.1

66 comp air 20 RT 2.1

67 05} 20 RT 1.9

68 Ar 20 RT 0.1 (%)

69 He 20 RT 0.3

70 CO, 20 RT 0.6

71 Ny 20 RT 0.7

(*) die falls off the pad



54 conp air 5 RT 1.1 55 02 5 RT 1.5 56 Ar 5 RT 1.1 57 He 5 RT 0.3 58 CX»2
5RT 0.4 59 N2 5RT 0.3 60 conp air 20 220 2.5 61 02 20 220 2.5 62 Ar
20 220 3. wOo®BB4H3020 220 3.0 64 CO2 20 220 3.3 65 N2 20 Pra0usd2/299966 conp
aiy 20 RT 2.1 67 02 20 RT 1.9 68 Ar,20 RT 0.1 (*) 69 He 20 RT 0.3 70
C02 20 RT 0.6 71 N2 20 RT 0.7 (%) d|e falls off the pad WO 03/041130

PCT/ US02/ 29990 22 [0093] Exanples 48-71 show that routine experinentation
may be required to optim ze the plasna treatnent conditions, contact
conditions, or both of the nmethod of this invention for sonme adherends.
Exanpl es[0993]9 5Eaamlp1@%:)ﬁ$ﬁi ahcbw ¢haExautine espéﬁﬁer{tﬁﬁﬁékhaﬂbr:arehaﬁai i dptiegde thee and
printed ter B as 37 .are used, Variou pl asma conditions
and di e BT eact%lﬁ% crog‘flﬁlroé@ NBJ%‘C GEATHogs E’@ﬁ/\ﬁ’fg e pygthod phhis dnveptien fvp| e
37. Unt reateedihasagibl ies are also tested to show effects of plasma for the
strong adhesion. The condltlons and results are shown in Table 8. Table 8
Exanpl e IB¥asepies (385 qudgompara g6-8 e Shear Strength Type Tine

(second) [01561‘]1) ei“ﬁ‘é b€ sfh@m ]:i%rric ?e)d Material B as in Example 37 are used. Various

plasma conditions and die attach temperatures are applied otherwise the same as in Example

37. Untreated assemblies are also tested to show effects of plasma for the strong adhesion.

The conditions and results are shown in Table 8.

Table 8
Example Plasma Gas Treatment Die Attach Die Shear Strength
Type Time (second) | Temperature (C) | (Kg-force)
Comparative 7 | No treatment - 220 0.1(*%)
72 compressed air | 5 220 4.1
73 0] 5 220 3.8
74 Ar 5 220 4.2
75 He 5 220 2.9
76 COy 5 220 2.4
77 No 5 220 3.9
Comparative 8 | No Treatment | - RT 0.1(*)
78 comp air 5 RT 2.7
79 02 5 RT 3.8
80 Ar 5 RT 0.8
81 He 5 RT 1.1
82 COp 5 RT 0.5
83 No 5 RT 0.6
84 comp air 20 220 4.3
85 0} 20 220 4.2
86 Ar 20 220 4.7
87 He 20 220 4.1
88 COp 20 220 4.4
89 No 20 220 43
90 comp air 20 RT 3.7
91 0} 20 RT 3.9
92 Ar 20 RT 3.5
93 He 20 RT 3.5
94 COyp 20 RT 4.0
95 No 20 RT 1.0

(*) die falls off the pad



Conparative 7 No treatnment - 220 0.1(*) 72 conpressed air 5 220 4.1 73 02
5220 3.8 74 Ar 5220 4.2 75 He 5220 2.9 76 C02 5 220 2.4 77 N2 5 220
3.2 Conpwoasiner38 No Treatnent - RT 0.1(*) 78 conp air 2AAUD2/299979 02 5
RT, 3.8 80 Ar 5 RT 0.8 81 He 5 RT 1.43 82 C02 5 RT 0.5 83 N2 5 RT 0.6 84
conp air 20 220 4.3 85 02 20 220 4.2 %6 Ar 20 220 4.7 87 He 20 220 4.1
88 C02 20 220 4.4 89 N2 20 220 4.3 90 conp air 20 RT 3.7 91 02 20 RT 3.9
92 Ar 20 RT 3.5 93 He 20 RT 3.5 94 CO2 20 RT 4.0 95 N2 20 RT 1.0 (*)
die falls off the pad V\D 03/ 041130 PCT/ US02/ 29990 23 Exanpl es 96-97 -
(APGD 1%x3m ee:*. T + (AP GDaldh €xdiyger)/Helh@A5 adidseonyur f aces of both a silicone

| J t d b 194 99% plasna |it at
!’;11(:a PTIS;SSR Pl c S S ?o @g’égﬁﬁﬁ?fslegsﬁ@ agz{ﬁ?sé&ﬂéaTeetF&atW #He2gleass

1%/99%) plasma lit at atmospheric pressure for 30 seconds. The silicone lens and the glass

slide are brought into intimate contact under a force of 2 kilograms for 60 seconds at room
temperature. The contact diameter reached 6 to 8 millimeters. On releasing the load fracture
naturally occurs driven by the elastic modulus of the elastomeric silicone lens to reach an
equilibrium. Fracture is cohesive in the silicone phase. The diameter of the contact area
between the silicone elastomer and the glass is around 4 to 6 millimeters. Fracture energy is

calculated according to the modified JKR model. The results are in Table 9.

Table 9

Substrate
Example 97 Glass strong adhesion
Example 98 Silicone strong adhesion

Examples 99-104

[0096] Three curable silicone materials with three different Young’s moduli are spun on a
wafer and cured. Young’s modulus is about 10megaPascals, 300megaPascals and
1.1gigaPascals respectively. Young’s modulus is measured by ASTM D4065-95 tensile mode
using Dynamic Mechanical Analyzer (DMA) made by TA Instruments. Plasma conditions
are air, 5 seconds treatment time and 60 watts RF power using Harrick PDC-32G. Dies (Smm
X Smm) are attached on the cured silicone for 5 seconds at 190 °C under 1.25 Kgf. The results
are in Table 10.

Comparative Examples 9-14

[0097] Examples 99-104 are repeated except no plasma treatment is carried out. No

adhesion was found without the plasma treatment.



slide are brought into intimte contact under a force of 2 kilograns for 60

seconds at room tenperature. The contact dianmeter reached 6 to 8

m | 1imetew® o3@aiBel easi ng the | oad fracture naturally ocaaTsusieeen by t he

elastic nodulus of the el astoneric sibjycone lens to reach an equilibrium

Fracture is cohesive in the silicone phase. The di aneter of the contact

area between the silicone elastoner and the glass is around 4 to 6

m | linmetesige 16racture energy is calculated according to the nodified JKR

nodel . e results are in Table 9. Table 9 Substrate Exanple 97 d ass

strong jadhesi on Exanploangs Sil i carRiesturfang adhpedidbesiorExanpl @s 99- 104

[ 0096] {Three curabl e| Mdduboef materials with thfee different |Young's nodul i

are spun on a waf er | 8ilitoasitedingYqung' s nodul us|is about 1OmggaPascal s,

300negaPascal s and 1] (dhegiPaadd@scal|s respectivel y. Young's nodulus is

measur eSOV DA06g95 TensiTe MR gST g “ygﬁgﬁ Mechanical Anal yzer

(DVA)  nmegle, DY Tép T st gments. P AL C rcH-tons &%&g—aﬁ'—h—B—s,econds

t r eat nef At 60 At ts—RF SRUER e poe e | SPOREN- 355" oo (5M X
Example 101 98 )

6 ttS~—poy f 13
5 arjes ATy o B0 cured sitlildeates, & cLSEeRE ar 100|C under 1.25
Kgf . THeSHEa a

: eV Tahl e 10| BaeShrative EN@od es 9- 14][ 0097]

Exanpl dsExempledOhr e 1 &t ed excegtPIrmoaisiasna tf8@moment is carried out. No
adhesi drExempl¢ d&hd wi i bt t he pl dBme Bi eat nent | SWQH3/ 041130
PCT/ US02/ 29990 24 Table 10 Young's D e Surface Adhesion dul us of

Sili cone[ ﬁ& ting (negaPascal) Exanple 99 10 Pl-coated Strong Exanple 100
10 Bare 18 tr]g?ﬁ’énPlE( P shyd thebsiramig-adbesi enicast heomeptedEwithpolynidiz Baeidar e

Si Str oNgying wide modulus ranges according to this test protocol.

Examples 105-109

[0099] Cured Material A as in Example 37 and various substrates are treated by various
plasma conditions otherwise the same as in Example 99. Die attach conditions are the same

as Example 99. The substrates, plasma treatment conditions, and results are in Table 11.

Comparative Examples 15-19

[0100] Examples 105-109 are repeated except no plasma treatment is carried out. No

adhesion was found without the plasma treatment.

Table 11

Substrate Gas Treatment time | RF power | Adhesion
(seconds) (watts)

Example 105 | Silicon oxide Air 5 60 Strong
passivated wafer

Example 106 | Silicon nitride Air 5 60 Strong
passivated wafer

Example 107 | FR-4 board Air 5 60 Strong

Example 108 | Solder Mask Air 5 60 Strong

Example 109 | Plated Auon PItape | Oxygen | 20 60 Strong

[0101] Examples 105-109 show that strong adhesion can be created using a variety of

substrates using this test protocol.



Exanpl e 103 1100 Pl-coated Strong Exanple 104 1100 Bare Si Strong [0098]
Exanpl es 99- 104 show t hat strong adhesi on can be created with polyneric
mat er i al swohaxosnigowi de nodul us ranges accordi ng to this tesir/ysootecol .
Exanpl es 105-109 [0099] Cured MateriahsA as in Exanple 37 and various
substrates are treated by various plasma conditions otherw se the sane as
in Exanple 99. Die attach conditions are the sane as Exanple 99. The
substrat@&npaglagngglﬁggtlgent conditions, and results are in Table 11.
Conpar at1ve anpl es -19 [0100] Exanples 105-109 are repeated except no
pl asma t0d62]neAtsilicone alasiosttr viith.a iloduladibidsssthanb sepalusdalwint haud fahgiepd asma

treat ment, ..Jable 11 bstrate s_Treatnent .time, RF power Adhesion
(seco nds‘3f siligope Lssint m@@@@%? ';{écfvﬂg SRS e Pl%mﬁgr%’ﬁefléﬁ@o seqerdsy at ed

waf er Exafm el Bri .ddﬂgﬂ. | bif L j : ;ﬁag‘gc S anpl e
107 FR-4 boarg girl§|5 6( ésﬁsf%%lgbgﬁéfglﬁ%fr% g%gg%So erk %g?o%ﬁggagggef Eer(lg
Exanpl e 20 Wattst Gantact tone 111 mapite @dpye fore®oBZK Sthractgre dnbib i caxdapd es

105- 109 A t [ b t i i, f
R - e N e S e e T e (e
Conparative Exanple 16 [01021 A silicone elastoner with a nodul us of |ess

than 1 megaPascal and a and flat piece of silicone resin wth a nodul us of
0.5-1.5%&%&1;%3 are plasma treated for 30 seconds wusing high purity

[ ' ' PDC- O Pl. c t
206 v 0 oo PRt PLERRy 9% 1Pa e Beb el e s i B 08 Sheer gy
i's cal cultehett is meesmetl mgotding foaheaditoded RERenBRdBanple RefiRy B8R @Ml e 6.
The resu{,atb?e fi.e in Table 12. Examlp e 110

Table 12

Joules per square meter
Comparative Example 16 0
Example 110 30

0 means no adhesion.

[0104] Comparative Example 16 and Example 110 show that adhesion can take more time
to develop using some adherends over others. Example 110 also shows that adhesion can be

created with relatively high modulus resins.



[ 01031 Conparative Exanple 16 is repeated except that contact tine is 12
hours. Die shear strength is neasured according to the nethod of Reference
Exanpl e 5wolisw4rsults are in Table 12. Table 12 Joul es mpaT/ssyoasmonet er
Conparative Exanple 16 0 Exanple 110 30 O neans no adhesion. [01041
Conpar ati ve Exanple 16 and Exanple 110 show t hat adhesi on can take nore
time to devel op using sone adherends over others. Exanple 110 al so shows
t hat adhesion can be created with relatively high nodulus resins. WO

03/ 041130 PCT/ US02/29990 26 W clai®® 1. A nethod characterized by: A

pl asma tWeelpiment of a polymeric material, B) plasma treatment of an
adherend, and C) thereafter contacting the polyneric material and the
adherend; tﬁemeﬂlydchaaxttérmgdaglhesi on of the polyneric material and the
adherend; wherein method is carried.out, duri ng fabrication of an

el ectroni ¢ devi ceASQﬁa SRp SeEtmsH ‘lic ARy MaRelge " a photoni c device, or an

opt oel ectronic de‘}y)gﬁsma{rea}hﬁnf@tdﬂ%hé}én@bﬁdm 1 furt her characterized by:
storing the polynmeric material after step A) and before step C), or

storing the adher énthestefier costastinghepalymssiconaterinl epd the adbgrensbt h. - 3. The
met hod of cl gign C?éatl%%gaﬁgs%ﬁ%ff lfer}ﬁ)"i?)?ﬁérgzrrh%t‘é}%ll&){d E@pﬁ \/\%1 fg steps A), B),

and C) one or erein steps A, B),
and C) are r@{hemimﬂhemm]mdtm cadidd autschmmgcﬂabrmaifrmrdmi eleetrbhie dpaike;mmreiectronic

mat eri al he od of claim4, reln he polyneric materi al

conpri sélg‘”éie H?cé‘a%et taé’ ﬂtoﬁ’éfﬁi«?&c@’é’r anPHTé’e HREPeY Conpri ses a seni conduct or
die or a sem conductor substrate, and the second adherend conprises a

sem conductor_die or a senm conductor substrate. 6. The method of any of the

precedi Ag cl dihgenethgdef slaimly firther shepctesizeghbys stoaing flgspdymeririmpigtalpftepsten east
0.1 mag@ﬁ%ﬁ %lefo‘x’é)stE]pCi og'st%ﬁﬁgﬁféaahﬁerend after step B) and before step C), or both.

3. The method of claim 1 or 2, further characterized by repeating steps A), B), and C) one or

more times.

4. The method of claim 3, wherein steps A), B), and C) are repeated once to add a second

adherend to the polymeric material.

5. The method of claim 4, wherein the polymeric material comprises a die attach adhesive,
the adherend comprises a semiconductor die or a semiconductor substrate, and the second

adherend comprises a semiconductor die or a semiconductor substrate.

6. The method of any of the preceding claims, wherein the polymeric material has a

modulus of at least 0.1 megaPascal up to 5 gigaPascals.

7. The method of any of the preceding claims, wherein the polymeric material comprises a

silicone, an organic, a silicone-organic copolymer, or combinations thereof.

8. The method of claim 7, wherein the silicone comprises a cured silicone resin, a cured

silicone elastomer, a cured silicone rubber, or a combination thereof.



7. The nethod of any of the preceding clains, wherein the polyneric

mat eri al conprises a s‘ cone, an organic, a silicone- gani C copol yrrer
or- conbi nations thereof. 8. The nethod of cI ai ey ey 4
conprlses a cured silicone resin, a cured silicone elas
si'l i cone rubber, or a conbination thereof. 27 9. The method of any of
t he preceding cI ains, wherein step A) and step B) are each independently
carried out using a plasma treatnment sel ected from corona discharge
treatment, dielectric barrier di sch&?ge treatnment, and gl ow di scharge

treat merft. 1(Thent¢éhqdmfhnﬂ05ﬂle@rg¢e@ﬂgph§nqsm@nﬁgpébandrﬁep Bhaeenth step A)
and ste r t 1
el eg%f%e%{)eﬁgg @aﬁged b&qﬁ&gﬁ%ﬁ%ﬁﬂ%&%&{t g&a&é’c; fr&% co na dgs%ha‘} be, f;}é a}n%ﬁ’ts

cl ai s, didlente bardéndisdbhrge sreataient, @dd gloty mcmrgetmnmmt ure of at Ieast 15 C
up to 400 C. 12. The nethod of any of the preceding clains, wherein step O
is carried out for atinme of at least 0.1 second up to 12 hours.

10.  The method of any of the preceding claims, wherein step A) and step B) are each

independently carried out for a time of at least 1 millisecond up to 30 minutes.

11.  The method of any of the preceding claims, wherein step C) is carried out at a

temperature of at least 15 °C up to 400 °C.

12.  The method of any of the preceding claims, wherein step C) is carried out for a time of at

least 0.1 second up to 12 hours.



