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(584) Title: METHOD FOR CREATING ADHESION DURING FABRICATION OF ELECTRONIC DEVICES

o (57) Abstract: A method for creating adhesion includes plasma treating two substrates and thereafter contacting the substrates. The
method can be nsed on a variety of dry surfaces. The method is used to adhere nonadhesive surfaces such as a cured silicone with a

ceramic or semiconductor,




1 METHOD FOR CREATI NG ADHESI ON DURI NG FABRI CATI ON OF ELECTRONI C DEVI CES
havi ng the inventors Manoj Kumar Chaudhury Andrew Janmest@dawhi2@0&eong Joo
Lee Bhukandas Parbhoo FIELD OF THE | NVENTI ON [0001] This invention rel ates
to a nethod for creating adhesion of materials that do [ narily
exhi bi t aﬁﬁgw%ﬁ?gproperties. The materials include a p%?@ﬁ%?@éggaterial and
a substrate. The polyneric material can be used to connect two conponents
of an electronic device together, such as an integrated circuit chip and a
chip carrier. BACKGROUND [0002] ‘Polymers have found applications in a w de
range of MEIHOD FORI CREATING ADIEHSION [URINE FABRITAEON O8EEECTROMCT equi r ed
physi cal and chem cal properties DEvVIgE®d adhesion. Plasma treatnent is
one neans of nodifying polyner surfaces to inprove adhesion while
mai ntai ning the desirabl e propgifihede Mvedtht bul k material. [0003] Adhesion
of polymeric materials to simlar materials can be inproved by plasna,
corona, dielectric dischargep Bikﬁhréﬂmﬁﬂ treatnent with or wthout
assi stance of a subsequent t@g?&gﬁ¥§% %@ﬁﬁfEduring j 0i ni ng process.
Exanples are films of polyethylghe ﬁr al ate or polyethylene that were
bonded to thensel ves or to eac .SEE %ﬁgr | ami nati on under heat and
pressure treatnent. The mechanitd s %ion were of the physisorption
nat ure of London di spersion forces and hydrogen bonds. These adhesive
joints are susceptible to gipepadhf Ak RVERtGNnal agents such as water or
organi c solvents and durability can be poor. O her systens related to
pl asma- WPEHt khisiyentice slatesto @ niptiwd forseentingiadhssion of maledals thetdosioty changes
after p t . f . Vi nyl
chi or i ARy shfBi ABRbenppropBey 85} hils bR E B BA rERBRE = choni on 1 s
pl asma dubstgiteTThé pelimericmbieiiilainebe wipd todongecatwodinponentaidfen icleetrdmde mul ation in
an uncuted state to the treated surface, and thereafter curing the
* for nul af5VESH toge =é9€£‘r?5?’é?1t‘%%%e‘ﬂ%¥% papd HERBFHY: wo | ayers of
si | oxane-pol yimi de polyners includes bonding by etching (or cleaning) the

first layer by using plasma before 10 March 2006
: BACKGROUND

[0002] Polymers have found applications in 2 wide range of technologies but not all

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 _
polyethyleneterephihalate 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 plaéma—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 substraie, applying a
‘wet or adhesive formulation in an uncured state to the treated surface, and thereafter cuting
the formulation. For example, one method for bonding two layers of siloxane-polyhﬁide
polymers includes bonding by etching (or cleaning) the first layer by using plasma before




¥

WO 03/ 041130 PCTI US02129990 2 applying the second | ayer by spin coating.
Thi's method suffers fromthe drawback of not providi ng tirMah2686 on.
Plasma treatnment is used as an alternative method of surface treating a
substrate in a simlar manner as a chemical treatnment |ike a hydrochloric
or sul fovwhe3@®180 acid sol ution. Surface chenical treabP@BH$22a¥0al so been
proposed for inproved bondi ng. Treati ng cured silicone rubber with brom ne
wat er etches the | ow energy surface“to produce a high energy surface to
whi ch various curable polyneric systens may be directly cured on and

bonded. i r aﬂr@ﬁ dis %ﬁ i and
di'sposa?&giﬁ%glﬁggcﬁgﬂé anﬁg%oc '%%@%%%%%%gﬁ%oﬁfﬁmmvi ng
adhesi oprouslingglrp hdiesian t Rleatateatmenhis ebalcds an nltenative phdtledtof sunfach agstingeen

di scl osed. r.exanpl e, one nethod for i .OVi adhesi on hetween an
encapeut STREHER i & iRes AT s Riomeel Eieteth Uken B SRRE R or 21D GOSN,
carri er aci@saMtuns SurBiod SHnit4l @REtIRA ha8 bls6 bédhghrofdasy foﬁxﬂﬂibwﬂ:d%ndiﬁ% chip
carrier. Another nethod enploys plasma surface nodification of a

" t her noplEgiingeussdailiGone mibber wihhremine yotas sicbes the loynengeayistatens te prodntes

i . ) ) . : q
nchps P ERFAEE) Metacd WEVRANHiOPb B pEhol B SRERGHEY bt pffecty BHBRURET
cur ed).. bonded. [dis precesolbsadiony dssdventapatrelated toolradting qudakspesal obdanperats of a

tackifier,,la i.n.a liquid crystal display inproves adhesion between the
tackifi%’fltgﬂé%ﬁ’i‘é‘%l ari zing sheet or the phase shift sheet. However, none

of t hespoosTetMelsdsor BiRoaad /ka6n REtpMRMRRASNE R dlRuoHics AfpEsatioh§006]
Pl asma surface_treatnent has al so been used in netal deposition or

| ami nat 7R bearyflisclosed. Kon exmmpls, encamethpdifor nprewing edhesionbetwesst arf | uor o- pol yner s

o 4 g »
Goposi TaruRulRS i TPty ddlbellieon HISHEREHAOUR anfer SHIRLCOC |1 & .,
I ami nat Pasporipsatesit of either the 30 kkip edthe abip chirdemAnfotler mygthbthemploys plasmmy, a net al :
foil . and.a sil..cone adhesi .ayer, .can _be m by .appl yi.n | asma rface

¢ eat meniRERSSAE of A Arhonipss Pt Himrors MbmR 0 SR Beblods uf rer |
f r om't helicdhewdirsive Ofhefdre Btﬁtﬁ&femﬁc@ﬂﬁ@?jepanbﬂ&tﬁ“&ﬁﬂcﬁﬁéﬂaﬂkﬁm?ﬂﬁﬁ@ﬁ es by =

usi ng plasna.. 10 March 2006 SUNMVARY  OF | E_I NVENTI ON [ 0007] This invention
r el at ests £pphgd i the plpsmarmodifiedispriase sad then swred)TARothermetboddisrleses ided  duri ng

fabri calor@ oPbladfla BbamehiUTa Gack i) it 8 i ' iﬁ#ﬁ GiR0G. 2@

phot oni c dé)v ce, aor an opt oé:' ec% Ir%gﬁllggélg{l/@%ysa?ﬁgplggt o‘gvete:%rrpr | ges:
between the tackifier and the polarizing sheet or the phase shift sheet. However, none of these
methods create adhesion between nonadhesive surfaces.

[0006] Plasma surface treatment has also been used in metal deposition or lamination. One

" method discloses that plasma freatment 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.




a) plasma treatnment of a. polyneric material, wherein the polyneric
material conprises a silicone and the silicone conprise$0 Kahr2886si | i cone
resin, a cured silicone elastonmer, a cured silicone rubber, or a

conbi nation thereof, b) ' plasm treatnent of an adherend, and 10 March
2006 WO 03/ 041130 PCT/ US02/ 29990 3:-c¢y; thereafter contacting the polyneric
materi al and the adherend; thereby creating adhesion of the polyneric

mat eri al and the adherend. DETAI LED DESCRI PTI-ON OF THE PREFERRED

EMBODI MENTS [0008] All anpbunts, ratios, and percentages are by wei ght

unl ess otherwi se indicated. The following is a list of definitions, as
used herein. Definitions [0009] "A" and "an" each nean one or nore. [0010]

" Conbi nati on" means two orstmqgfmhﬁrg r by any neans or nethod.
[0011] "Cured” means substantial conpletion g?hggchenical process by which
mol ecul 07k Ehjsdnvestion whites tea mothod fasedating adhgsion The nwtlpdrcanbe ewedl es to

restrict nolecul ar novements. [0012] "Nonadhesive" means that a polyneric

- mat er i aldutipa fabrigationnelr #i plegtrelim 8pdce.o aa elgelenia devicanpadkage. a pbatorent .

[ 0013] égiggqgah%@&kﬂﬁﬁ5&cggﬁ£§1¢éga§h@?ya substrate to a gaseous state

acti vat rrm of energy externa applied and includes, but is not
| i mtedcomprigesr ona di scharge, dielectric barrier discharge, flane, |ow

pressure gl ow di scharge, apd, at npspheric, gl ow . dischar treatment. The gas
Csed I bl adiin HEEH HERIMEBRR BOETCmAGHn, WhETEB ihe eabmse TRERIde, O
carbon eRpMdcdn silkinkWid thy SiQE.bonpri¥es 8RurddafiRondtdsind d&iredéifidops oXi de,
oxygen, ozone, water vapor, conbinations thereof, and others.

-~ Al t er naelastomer, aeuwied sifignne rubbestor gcomppinaien thereapipor s can be used, either in
t heir normal st 0, ss application pressure or

vapori zed mﬂ?kné?éhﬁ%%%@%ﬁgﬁgﬁgé ?@%%ﬁ?hermﬁse liquid states, such as
hexaanet hyl di si | oxane, cycl opol ydi net hyl si | oxane,

cycl opol yhydr ogennet hyl si | oxanes,

cycl opol yhydr ogenr net hyl - co- di net hyl si | oxanes, reactive sil anes,

conbi nati ons thereof, and others. Methods [0014] This invention relates.
“to a method for creating adhesion of a polyneric material and a substrate.:-
"The nethod can be used during fabrication of electronic devices and
el ectronic




devi ce packages. |In one enbodi nrent of the invention, the nethod conpri ses:
a) plasma treatnent of a polyneric material, b) plasna trMaich@006of a
substrate, c) plasma. treatnent of a sem conductor, 10 March 2006 WO

03/04113Q. PCII US02/ 29990 4 d) contacting the pol yneri I and the
substr at ,Oogﬁﬁll&e) contacting the sem conductor and t#é{%%%% %OI c material.
d

[ 0015] In one enbodi nent of the invention, steps a, b, ¢, d, and e can be
carried out in any of the follow ng orders: abode, acbde, abced, acbed,
bacde, baced, bccde, baced, cabde, cabed, ebade, ebaed, abdce, badce,
acebd, caeba) tlerdfiasonbetiiadhe pdpdaienatiadad andthe adleednd, caeabd, acebad, or
caebad. One kigled dn the art woul d r.ecogni,ze @lh%a]?Wnen a sem conduct or
and a subst rAFEPYAretng pehepign ghile PRlyIFde pafyhapd thegdhessida) | pl asma treat ment
of the polyneric material may be carried out nore than once, i.e. step a
may be repeated. For exan&l{&, in one enbodi nent | asma treatnent is

carried out orPEFAILER DESCREPTIONGE THERREFE PRIMENISd  t he pol yneric
teri d : . i ed
out " 5 clo0B]S AP anoURC kil 5nd bl SRBELRE BG welth AR bR ey ThED FRLY! ©

pol ymerfollowing és 4 ligt of dedimitionstas usedhtmot ed wi th the substrate. The pol yneric
material and the substrate are then contacted. Plasma treatnent can be
carried out on all or a portion of the surface of the polyneric nmaterial,
the substrate, or the sem conductPéfinifiéd16] Al ternatively, steps a, b, and
c can be carrjed out concurrently and thereafter steps d and e are carried
out i n WAPlordeand A’ epdhameanomg ot meps a, b, and c are carried out in any

- order, te - Qs i tly.
At or nal0P EBRBRAAD oo et fold S i Oy MY mBBOGHGRIE | V.
t her eaf 08H] s t“Cppdimeac sebstantialcampletidn ofi cleorival proesss by which@ibldcules one.

enmbodi nent .of, . the inventi.on, th ol ri.c material,is contacted with the
" subst r aF&Ioud t%ﬁﬁ\ef) a(frPVhﬁlﬂ'gg ?@F&S’Féﬁ%‘f"gf’s 8L Bwogﬁaffrlﬁ?:‘fef”(‘?ﬁt& e after
pl asma oEt "B0hadhbdive”aficads they YNGR FBHId not EmBIDY MBIt a ML i al ,

t he substrate, and optionally the sem conductor nmay optionally each be
stored

enbodi (0] 2% fag&h')ig L ’.hfé&a 1120 Bk ’5?%& j : red for at
| east gr,wgsl]te?nat I ;C/Iée yelgtt egse%{p‘%,'&gﬁber naetctf)v yB{ésfgwftgg@tv dﬁ%grs after
pl asma form af energy extEtnally ppplizderd includescbutdd not eimitedtos caroedlifcbargep to 48,

Sror ke e TrntUbersu oltf ddntter Bl eRoient Bl ° 1 "
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 fabrication 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,

Beore contacting in step.d, step e, or both. In one .-




i ndependently for the substrate and the sem conductor. [0018] In one
enbodi nent of this invention, adhesion can be obtai ned by barchyd00§ out
steps d and e for a few seconds at roomtenperature. In an alternative
enbodi ne i nvention, step d, step e, or both, ried out at
el evat ed%%ﬁ%ﬂé lgfu el evated pressure, or both. The P@ﬁ%’?’%’%di tions
sel ected for step d, step e, or botsyr, will depend on various factors

i ncluding the specific use of the nethod. However, tenperature during the
contacting steps can be at 10 March 2006 WD 03/041130 PCT/ US02/29990 5

| east 15 C, alt edywhiavitdgthepolymesd maeridLanddht enlizahte@dy at | east 100 C
Tenperature during contactin c n be to, 400 C, aJternatively up to 220
C. Pressure duri %gwe ?F@g gﬁ‘%ﬂ‘ﬂ%"ﬁﬂj‘é@é@cal s, alternatively
up to ][Gﬁ.ﬂla?ﬁMmboﬁfn%i%Hfiﬁe%éﬁﬂb&%@hQ?H d}%&@cﬁibe‘c@ﬁﬁ:ﬁouﬁn%nﬁ'?gapascm

Contact time can be at |east 0.1 second, alternativel east 1 second,

al t er na&fitedploving pudexst alzedeeem;j@ccchIa@ted,rtat@dwbmd,ahcadeeg@@d,mbcbeconds
Cont act
nt ac ta%é\gg?oaﬁ@’lb{’e% %:@cé %ﬁu éaso{%ﬁ’d” cReba 3y P? “?ahhé’eeh%’dc&'g BL Sad- 2. ARYT S

al terna er’ha Seéconds. [00191 In
an al t eneht]) acebadndmdebaiﬂrmnexﬂdlleﬂen the ue moulnlrreodghﬁe et Wheh mmwondmm: A)

_ plasmatreatrrent of ric nmaterial Iasmat ment of. an

adher erfd 257hytres %ﬁ%‘%@%&%ﬁ%ﬂ%ﬂﬁ@ W?‘Ele élﬁ ymES t he
adher engliterial ﬂﬁ%ﬁ@&aﬁé@ﬁtﬁ&eﬁ%&%ﬂew& ﬂépéﬁ&y B@}eE%éd Fof@cﬁﬁﬂe% oagd the
adherend. In this enbodi nent, the adherend can be either a sem conductor or

“a substembodimeniplasma treatmeigds easiad, out mmmowmwapkméﬂm$9sm@rm¢er
corrprl e\ ' re step O,
or ot ot e debif Pl Filnge BB, PRI E R SO ROBBRAET © <) 5P )
St eps Aypazaiely B thmmnimendmtdr laﬂdiommmg&mnmuyfa@mf dhic, poﬂiymierichmtemhﬁ:amﬂ:as rrg _

t r eat nent act conditip optional starage conditions
b5 *abo yantaste Hih s et Th S bmtiert raterplong Bt Rets 2 Beafebdol iRy can be
carri edlaa teaiteHt daft Bk kitried o&%ﬁlaﬁ@kbgérhb’noftﬁe aﬂﬁc%ﬂﬁé polyilerdidhi s enmbodi nent,
steps A, aLéhand C) may optionally be repeated one or nore tinmes. This

et hod Deaigsi byirage, 7 the seraipendgefor.on of an el ectronic device or an

el ectr gur pbgg‘gﬂe&&@f E%Efﬁ b°£ndtJUha§ g@%ﬂ&i’ Lﬁ@&éaﬁ? %e%fu égag gy for

ot her '8 Ot specl y rest ted.
- and e are carried out in any order. Alternatively, steps a, b, and ¢ are camed out in any order,

and thereafter steps d and e are carried out concurrently. Alternatively, steps a, b, and ¢ are
carried out concurrently, and thereafter steps d and e are carried cut concurrently.
[0017] Inone 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, 61‘ both. In one embodiment of this invention, the polymeric material can be stored for at
least 0, a]temanvely 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 speéiﬁc use of the method. However, temperature during the contacting steps can be at




100221 The nmethod of this invention creates adhesion, e.g., the adherend

does not fall off the polymeric material when subject ed1@ Magh20fE6gaPascal

- of force in the die shear strength test of Reference Exanple 5, below. The
exact a dhesion will vary depending on the p | terial and

adherend 'c %%g%?@the. pl asma treatnment conditions chosgéﬁﬁgﬁéﬁ?ﬂg

contacting conditions chosen. Howeyer, adhesion, as neasured by die shear

strength according to Reference Exanple 6, below, can be at least 0.2

megaPaseal (MPa), alternatively at least 0.3 MPa, alternatively at |east

0. 5 MPrastab b@altainbtiedyyatdsast 200 alferddflacly atllesst d OAIC. Tenperaturd duiwg 1. 5 MPa,

alternatively at least 2 MPa, alternatively at |east 2.5 NPa,
al t er neanfagting cantbeup 4 #005 %@mame%%?ﬂ%‘% Py Wﬁ@aggﬂ%%b%/ 29990 6

Po_mer iééto%tr%éaﬂscilg %ﬁéﬁaﬁﬁgﬁq X{ﬁ?g?as&egéﬁéésﬁﬂe duSEElcdnbhctind i3 at BMENL I ON 'S

nonadhesive enh uUseéd In th me ., Imediately before plasna
t r eat n@.btmegdPescapalonteet fime nm et RhstPdsseeondedltermativgly at leasil pasand.us (e. g.

| ower nodul.us than the substrat.e or sem,conduct he NP i1l vary
dependir’]]-t?&latt)‘ a@&%ﬁﬁé S?@B&%%&“’? s gt %ﬁ%ﬁ@“ﬁ%&c&%%ﬁt%rcl c A4 |w|al chosen,
t he adhéieaBerhivalyidho 1D BoRs)attematively i to B30 alinwes, hlidoeatizellpap €0l30 and ot hers.
However, nodulus can be at |least 0.1 negaPascal, alternatively at least 1
megaPagsseids. Mbdul us can be up to 300 megaPascals, alternatively up to 400
megaPagpaes. ¥ i e i3V HAbA e hethodbdniridad: i vel y up to 5

gi gaPaE@?]s.m%hggéﬂ&‘}r?\églr%%%ﬁi ment of 't he ?nventn?i{)n, t he polyneric
material is a thAplemattreaimeat oftatpolymepic awtdriel. mat eri al . The pol yneric

mat eri al can be i licone organi G, silicone- organic copolyner, or
Conbi nat i ons t hdDekEmarasatetas sdeptiad i Ude 11 exibilizod epoxi es,
whi ch are or gani).tha&detontdctiiihs pliginetic @arrislend ileiadheresl; or gani cs, or
silicone organic-copolyners. Thernoplastic terials |nclude phase change
materi al s sthembsa@eat@ig|aﬂg%m-05ﬂ3§azﬁl¥ew€6&&t@yﬁlﬁmﬂ%@@gﬂ 'Pfij organic materials

such ag, Qﬂlembﬁieﬂ.reg% P{e%dﬂeéend RR bY &ay b s¥EondR&tby bl sUBsimtePAAR | CS,

conbi natrons t and others. [00251 In one enbodi nent of the
i nvent embodimen, themgthed maywatienally compuises §tosing thepebymesigapterigs 5 cur ed

o naterore AenEpabe Heat: dkEPe BeAh AR ancR B AP RURAEROFCLITT ) e

T, DT, pdh, MR resins, conbinations thereof, and others. Cured silicone
rubbers and nethods for their f bri,catiora&ta%@r known.in the arf, see for
b

exanpl 0020} $ypedy dPAYIIE CRFFLCESPTH IR A0 the-sams; plasma Siyakpien

. - conditions, contact conditions, and optional storage conditions as above may be applied.
[0021] In this embodiment, steps A) and B) can be carried out concwrrently 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 VMPa, alternatively at least 0.5 MPa, alternatively at least 1 MPa,
alternatively at least 1.5 MPa, alternatively at least 2 MPa, alternatively at 1¢ast 2.5 MPa,
alternatively at least 5 MPa. ' ' '




Nostrand Reinhol d Conpany, New York, 1978. Cured silicone el astomers are
known in the art. For exanple, U S. Patent Nos. 4, 753, 9ilcManetl 260810, 845
di scl ose cured silicone elastonmers and nethods for their preparation.

[ 00261 T%%mggosi | i cone can be prepared by curing a ﬁ':’f/ﬁ@hﬁgﬁ | i cone

‘conposi tion. rable silicone conpositions are known 1h e art. Exanples
of- curable silicone conpositions a®d nmethods for their cure include the
conpositions 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 froma
silicone conposition fornmulated with an adhesi on pronoter, however, an

adhesion pronoter is not requigoggiergc% ¥%r.ﬁh 2006 WO 03/041130

PCTI US02129990 7 [0027] It sho by those skilled in the art that
t he nod§0028] clhepadfmérhematedaipnsediia thdnigvénsion dinoasidhtdicewhenanel mahisi ncl ude cure
nmechani s uch as conde tion reactions; ddition reactions; ultraviol et
radi ati Bﬁﬁwﬁi ?‘$‘df’ﬁ%e%%‘g%€‘? %??@Qﬁ&‘e?tf”éét &hﬂl’ﬁ}ﬁfpericﬁp%t%ﬁ g%ﬁ %réli'@?"?lﬁps.

[00281 idw @Bduthd @' dvief encANRS Hial Bt subdtrate 16 sérﬁh\é@ﬂ%bt_@fc)z T RoRMIsWAR" | C

material is a cure organi c such as a cured organi ¢ resin, a cured organic
el ast onary dgpeading @n yemians fectospingleding thexattipalyniedamateriak abosep, thad ot her s.

Sui t abl d]ﬁ% ' s ' C resins. _Suyitable cured
or gani cge ast8 %ng?%ﬂpi%ﬁ“{ﬁ%hggﬂa@%?ﬂe‘?ﬁ‘}ﬁé %%‘F?ﬁ‘%ﬁ)’%e%ﬁ‘?"e"?"Sﬁ’ Bagﬁplgsw yners
i ncl udebegtdsast 0.p oiegaRas @k altamitively « keastdnntgaPecal, Modifhs ¢hatbe ap $o 30%er eof , and
ot hers. Sui.tabl e . cur.eqd orgapi.c po rs,are, known in the art, see for
exanpl e?legag‘?fcﬁlss‘?:lmnfgﬂéﬁ ‘R)& W%P{)%ﬁm@m@@{}d’é’st? 1 gigaPasgaly apm, A

N shi nmuslgemativel mb@hs g;gdpageajgyagai , | EEE El ectronic Conponents and

Technol o(ggﬂ@on erence, 1999. [0029] Suitable silicone-organic copolyners

i ncl udel®24lar Iy oap embediment o therinysniiorote polipseric matenigl is olthaiosst bryd si | oxane-
nodi fi |17 TE gﬁ. Lt - Ok ' opol yners are known in
the ar ?& efshéﬂéi' %mgér H‘?)?gﬂbfgé,ﬁ/q var%I(I:agésAaill %taesélg:aﬁégﬁgr SAreH ilcr%’nﬁ'apan, " Phase
|V, Regrgatnic 2opoBwhey, e combineatidna kerdofi Thérhvaeaeseidcindedelidiiiticds Technol o
June 2000,. Teghno Alli.anc rporati.qon, Tokyo, Japan, [0030] Polyneric
mat er i a?pé)qeﬁfa‘%hl Be NPt @gﬁ%@%ﬁ’?éﬂ?mﬁ? 1FONGE PFaHeS: oF &t rast to

met hodsorghiiié-coppbynies. TheMplaesd materidldnbival biss tHaBsk hiteHals sudh 35 aged)
material,s, this pethod can create adhesion of cured silicones, cured

or gani cilicoRggrgagiceqpalymerswxes a\d paganic raepialysuch as padyolefinsiaeis adher ends.
.. polyethylene), polyimides, phenolics, combinations thereof, and others.

[0025] In one embodiment of 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.




. [ 0031] The polyneric material can have a variety of forns. The polyneric
material may be continuous, such as a sheet or film Al téMaath2086y, the

-~ polyneric material may be discontinuous, such as a plurality of flat pads
“or hem's nubbi ns or bunps. Substrate [0032] T te used in
this netﬁgg&%@iﬁ%t specifically restricted. The substrpenﬁﬁgé%%@ted\mll
depend on the various factors including the use of the nethod described
above, e. g the type of electronic device or electronic device package to

befabrl (Q@d ub t%g e any material used in the fabrication
of an el ol on| SCe vy REehY ﬂseéﬁ’élsg%lﬁmmﬂl@tﬁheémd@aﬂwthérhe substrate can
be, for cempoxtions B nOEERITAE afAE tHAIR curd idchiifld % or a.rigid
substrat@gcgﬁommnl used in el ect rontc éé\?l ce pgsggﬁj cﬂﬁ en%gg agons;

sui t abl FLERcleas Vwéﬁtma@gmmmmmmaﬁumwaﬂma&&%a&oh@d ude a
- cerani cjgps hlaﬂ!n,al y a ol t (i.e., other than the
pol ymer |{c ]rTrgt er i z;[lémgﬁe“;se?#nl_bgaﬁieﬁbove mv@@ﬁﬁafh‘gmlﬁ@%%?r@éfsam ot hers.
[ 0033] Rmﬂ%ipgucémaamébrgamamsngacma@btgdﬂceiagwh&wbu&@&@ g&,rﬁ@pper gol d,
n

| ead, nj u stai nl ess steel, tin, al | oys

t her eof R angtions %f%’%@aﬁ%tﬁ géemtﬁﬂﬂcurﬁﬂ wéa@crepdemadmmy tesimk.ude

al um nu&mﬁbleraurbépr@hhrﬂdstbﬁle@ﬁhéiﬁdep%'l é{l% ?t a@ggg}om de, ‘silicon
er m num

oxynitri dle conbi nat i ons thereof, "an
nitride™ clode eherh Yamdaepo mde@@mlmaerb,u cdmbumhbnsdhnreaj}andloﬂfetsd&ntaﬁﬂd

conbi naém@ft&gérﬁ\%&ﬁﬁers ER%ASm Fhy Eﬁgﬁg%&‘fej’&gﬁgéc' s egt%rpm yi mi de,

bi smal ej m de,_ cyanate, epoxy,
pol ynetl}@mﬁﬁ’t}?ﬁy@ﬁw & éklypmh,wmmin&mﬂ @nfdrand Apma%é{ll@ﬂbl]ﬂ ghl ori de,

conbi n ers m conduct or 00361 Sem conduct ors are
known ?éé iﬂe %ér]%{dgﬁeﬁ og %‘E%{Fl}cﬁ é@?ﬂ | able, for exanple, see J.

Kxoschv{ﬂﬁwj Suiitable Eh&m‘e.ro@gahﬁ 166bra A%@%] i a of
Chem c Tec gol QQqy . CB?‘S% ’in%ludes 5@ L%%% @\? @jf%‘:hs New
York, it 1311%%%@9@&&%@ Elﬂndﬂadrlpdbfamudel BiticonesirgAntnpélyines, and

al i urﬁr@mﬁuﬁiﬂl u convenient form such as .
g bare die, a Chfﬁ?ﬁgﬁ&;@g&gﬂg %&%uc@?fﬁ&g{a ﬁ%ﬁ# arcibinJapap. “Phasa I nt [0037]
ath 2 -Pol gnaieriadsfo S hﬁe%ﬁ(ﬁ FEGnpr opert I es

of - t he Ajliance Corporatmn, Tokyo, Japan.
[003¢] Poiymeric materials that are cured can be used in this invention. In contrast to
- methods that use wet (uncured) or parﬁaﬂy—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. Altemat:wely, 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

subsu'ate.commonly used in electronic device packaging, Examples of suitable substrates




nonadhesi ve material from bei ng nonadhesi ve to adhesive. Various types of
pl asma treatnment can be used in the nethod of this inveh?March40066] udi ng
corona di scharge treatnment, dielectric barrier discharge treatnment, and

gl ow di sg‘t@[g eatnment. G ow di scharge treatnent ca | ed out
usi ng pl asng%gléP‘{ect ed fromlow pressure gl ow di scharg&%?”sggén%édpheri C

pressure glow discharge. [0038] | m one enbodi ment of the invention, plasm
treatment is carried out by | ow pressure glow discharge plasna in either
conti nugus eioafcePle'Sed des. This is essentially a batch process.

e

Al t ernat i vel Y PEARCE, ECIbAeatedHTare, ppolymentpe, otherahamtbopdyeidr essure in

a contmaterinl desoribienovd) SdontbiBREGRLL spheric plasma appar at uses.
d) {g%%@g@_&ﬁ%e skilled in the art would be

Q her gh@tjra treatments can al so

abl e t e detalpprdgpptalcoatings dusirde abmsmtme blomitt (ppdr, WNIWA, mickel,
experi | @der R s are known in the art. For 10 Marc (
VO o5/ Ok PCFEJSE%%%S%@S%%%I ?YS@%‘?O Feombigatigpstheraofomd, 060 and

5, 357, @srsand T. S. Sudarshan, ed., Surface Modification Technolo 'es, An
Engi negsa i.de. Marcel Dekker, Inc., New York, 1989, Chapter 5, pp.
318- 3336%3?1‘5 G?ﬁ%&%‘ﬁé?d‘b‘%sa&%'émﬁ}%%ﬁlm prtide, silicpro@asfe, Hlieorcosids,

condi t isiiesn bxynitide SerabibatRAk ' r di,ng. on various factors
- I (RRo, 4hd J)thg&gtlegg@ﬁe&?l}l% m ttide.seri conduct or :

i ncl uding.the choice of polynmeric materia

t he st8ﬂ’§5‘@mﬂ?’ﬂ8@ S’i‘é%@é‘?ﬁ%ﬁd@ﬁhﬂmﬁﬁda:m&coﬁﬂﬁhaﬁ@ﬁtﬁ&%émg; the type and

~ nmet hod [gaBsp! p§ . design.of the plasma chanber used; and
e e

- others. However, plasna tre TYeRA §POXYat a pressure of up

to at nﬁ@ﬁb@l@l@zﬁﬁ,@bmmonm, slyhnitle, oty ' _ a pressure
ot vely eeyhaor it Yol it . Dor'y ot

of at , ory, alternativel

| east é@ﬁ%&?&éﬁl%drﬁﬁcoqm preeiggndipthessar ri ed out at a pressure of up to
10 torr, alternatively up to 3 torr. If pressure is too high, plasna
treatment nmay not initiate. [0040] Tine of plasma treatnment depends on
various factors including the nismedndiictoro be. treated, the contact

condi t oo ehfsdn raqalel=y as treatment (e.q., batch vs. o
cont i n!uoi\g) . and F%éor%%?i gn o%‘lﬂpﬁe ﬁ@ﬁ?ﬁﬁﬂg%@les%rrmlwwt ment is

carr i ebi Kaeschwiss, o, “RleawonicMiterlenKik-Othiaa Ry d R da Wi tRGR.Qf the material to

be tr th G loy .. I | o_form an_adhesive . Plasna '
treat en%gr %”3@5'%?1) 'ﬁgg&gg’ﬁf’ﬁ%w&f’y €t Song New Yorki 199 sGamman

al t er rremiopaducteat intleds#ili@bn)Bednef @éfahﬁﬁﬂl&’ |y 8t Least 0.1 second, '
al ternat velc\égat .elme?%st I second,gﬁgﬁ ernat | v%%“;‘%a T ERLEONEIClE CBhds. Pl asna

YPGB Tuch gy bRy die, a3timsuciussem, IC chip, or a wafer.

treat ment P

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
cgnied out using plasma selected from low pressure glow discharge or atmosphetic pressure
glow discharge.

[0038] Inone embodjment of the invention, plasma treatment is carried out by low pressure .7
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




alternatively up to 1 mnute, alternatively up to 30 seconds. It may be
desirable to mnimze plasnma treatnment tinme for comercil@Masde?0®6pr ocess
- efficiency. Treatnment tinmes that are too |ong nay render sone treated

“materi al wé _EIEESi ve or | ess adhesive. [0041] The gasF%%ﬁghzégbgp! asma

treatment” can for exanple, air, anmmonia, argon, ca 1’'0Xi de, carbon
monoxi de, helium hydrogen, nitrogeR, nitrous oxide, oxygen, ozone, water
vapor, conbinations thereof, and others. Alternatively, the gas can be

selected fr LT -go r bony di oxi de, carbon nonoxi de, helium

ni t roge%}fa[ﬁ'ﬂ?%g a‘é?%ﬁﬂ&- 232%&@ at\aé@%%%p@ijr-& Susdrsbanbi.nSurfaces t her eof .

Al t er naModificitiod TRhEAS0; | rb di oxi de,
hel i um itrcogoen, ozone@gﬁ%ﬁcoé_\ér?’%ﬁl %Isagﬁgkﬁekg’. %Iq?ee‘)?ﬁﬁ{ki’ €§eblgy, ot her
nor e rQﬁ%ﬁ“’ff\feplb?’é&'ﬁ?’%a@bﬁééiﬁa;dlmgplﬁsmaneMemed, either in their nornal

e O o g R OB BT BT 1P 2

sui tabl e devic I qui

hexanet irgluding tHewheice of mofyharipahstetalmtibiylat iPe@MRonductor; the storage time

Cyel oporMAkeTBER e phCrEE SaRAg oss s e e atod efalpmia ttuesd;

conbi naddsignof the Plae@h chaili Q.. PCT/ US02/ 29990
10 10042]StgﬁO”|e S Ileg in ﬁﬁégagn?ﬂmt%%f g@gvgpee{%ﬁ%ﬁ}a\#gg\%%ég&agﬁﬁlﬁ PRt e pl asma

t r eat metitd Preé%‘?i?-}f YRJA §tmgsphesig ragse Slasmadreatment @nibe varvisd ag at Hpressey

gui del i gr@i ] XA torof h | ow. -Met.hods of e [0043] The
net hod desgﬁéigggg%ove ca‘ﬁﬁybaz?G&E*é’dﬁ;’%“’p”ﬁ‘%&ég%ﬂ%@ﬂw f}ét% Mihat resist
ei t her treaheanhedn herceatedentat b preshisesfip 16110 RITE SRALAIVETy upab §kork. Bt t he form of

vapor ligui.d 0 nmechanj cal stress.. The adhesi on property can be used
p r%fsﬁrg Y 100 Egﬁrﬂ?% e @@Fﬁé‘?y property

to hol d drssi y nqtppffiateni ght ot herwi se require adhesive

t echnol[040¢s Tanpbf siskniareishent lpendloRRiiriol M4 mbiRiETh  Ateify gl SO De used
during fabrication of electronic devices an elBctront e agedied packages.
El ectr &?F@dﬁﬁ‘?ﬁ@é@ comditions yelsatedsthe mpdeofplisatarticatmtentie.gabetckRawn i n the art.
For  exapmtifoud) Madhedeki-R b ' G bg,.a _chip on.boar ﬂé} ), wherein
the sen; condu%t or 15 lggaf%egﬁlxﬂﬁgg%#@ﬁ ?lgs%@??%@?}“ﬁﬁcrag@gl %aa substrate,
s ug h aiﬁ& Syfficianeth ronder ?g ;mae of (hPviBeriabio mnﬂe_ﬁtw@lﬁﬁ&ié&w rEacH]?@foCkoan’CBl) . COBs
and ne : I rication.are known in the art,. or exanple, see
Basi C | ntg %%rsé]?{é%&%ﬂragﬂ?ﬁe%ﬁ%@@ %Efo_étaé‘m?é’f%lﬁ%ﬁéil ,Iﬂlhﬁqypl_fldSki nner, ed.,
| nt egr alterdaiGietyc idst Bro2 eRAd, MteCRNRY A14:000.1 seild SHBhvafl BOR. Chapter 3.
: second, alternatively at least 5 seconds. Plasma treatment is carried out for up to 30 minutes,
alternatively up.to 1 minute, alternatively up to 30 seconds. It may be desirable to minimize
plasma treatment 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, catbon |
dioxide, carbon monoxide, helium, hydrogen, nitrogen, nitrous oxide, oxygen, ozone, water
vapor, combinations thereof, and others. Alternatively, the gas can be selected from air,
argon, carbon dioxide, carbon monoxide, helitim, nitrogen, nitrous dxide, OZone, water vapor,
and combinations thereof. Alternatively, the gas can be selected from air, argon, carbon

~ dioxide, helium, nitroggn, 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 liguid states,
such as hexamethyldisiloxane, cyclopolydimethylsiloxane, - ,
cyclopolyhydrogenméfhylsiloxanes, cyclopolyhydrogenmethybco-dimethylsiloxanes,
- reactive silanes, combinations thereof, and others. '




+ method of this invention. [0046

[ 0045] In one enbodi nent of this invention, the nethod can be used in
fabricating any electronic device package in which a sefd blamhgd06r such as
~an ICchip is attached to a substrate such as a chip carrier. For exanple,
‘the meth used to bond the chip carrier to a p mat eri al

t her eby orﬁ?ﬁgggn I nt erposer. The nethod can al so be usé%gﬁﬁ%%ond the IC
chip to the polyneric material eithd before or after the polyneric
material is bonded to the chip carrier. Alternatively, the nethod can be

used to thp to the polyneric material only, and an
alter nai‘ﬁ@g}d rTéP‘Fﬂ‘EII el theeart yould %abé%fﬁdelpﬁ@pmp%@plasmmemnal t o the chip

carri er cord@onS watiit SnciRbx b ihin oH%hﬁg{hfé' bR 4@% CAlp carrier
by conyentional nmeans such as stencif or sc een pr| n T’rf oati ng,
and ot h&8Lbele uncured material can then be cured to form a polyneric

material. The polyneric materi al?@ﬁdglﬁf_hi p nay then be bonded by the
ernative enbodi nent of this

i nvent i {043} hEhemsthaiiesaibel 8boie esh Bousad ianSEARERUch s VEPBoRd ht rhdfst bfiier OT M OF 3
flat pa fil.m_or the like. For exanple, a conposition can be cured
to forrwfglFﬂléﬁg"Bzil Hﬁlebsﬁﬁ‘{eﬁpﬁﬁemfrﬂ%w&taﬂpéhe Omhéprmtdlqmd emterial and an
adher enfieéhagicfll sBSIIETHe" clis od descri bed
above. [00471 El ect roaﬁlﬁ%:%(ijllew ce pac agegltoa(’ilﬁ)(f a 1 ?gp%gg?tﬁgr'@ 3% abri cati on
are knoWeht pthemaseequire aﬁ@ﬁﬁlvemhlmlweaappllethnhnﬂhmbmpm bed above can be used
/ Q41130 PCT/ US02/ 29990

th h 20
|12 pagkl;g%is] Gﬂ%nl%‘}f fcﬁgangglﬁac egéggng A lré%ugl?? 088%1&35‘8%33@% plegteoniea) | gri d
arr Eys , deica plgwhgges Electeopss, dmbﬁhrﬂﬁﬁétﬁod@&gkmeﬁt hbric'aﬁﬁhAﬁ‘E RE&wn inBagt rk ame |

acka I NC cnl a an 0 ers rea arra ackages an
Pt D on Rt ool ot S tie e b drehin i boam 0Py ot b semtortinton 1 ¢ o
art, foas a@mambanmﬁﬁgniduﬁedaﬁé ?Tonu% st BB as ringn%ﬁ%}uslgﬂﬁ? Hﬁi@gges

descrlbed above can be used rlcatlon

Chip scpEnisd Gk‘éz@fé%)arda(HGBh&(Pﬁﬁcwdmthqdh&mheﬁﬁhbnoaann aekndweinkioas) i n t he

art, f , i 8..815.. [ 004 S inyention can
be uSeng%&?w %‘eeB% EIIHC sted MM&MD@%%%m p nbdul es

(MCN) , Iviegrated dliveuit Ehg]peamg(ﬂoqmrati‘aﬁ;l\smttﬁame Afighng @@see3chi p  nodul es, and
Iin the art, see, for exarrple

met hod their fahric n are kno

Basi c S[P nﬁgll%?%am&los %VSPB%BR@%@@%bW@a} fabygaing @kY nner, ed.

Int egr aleettot devidetpac liﬂ‘@lﬁ&lh@%nﬁ%ﬂ&%t@iéu@ﬁ‘ c‘hgﬁ ona, Chapter
[005 The k?od escri_bed above can al gso e u eght?ar?h% 7ar-| evel

| p a ckagih a chip carrier. For example, the method can be used to bond the chip carrier
toa polymenc 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] Inan altefnaﬁve 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




This invention will be exenplified by reference to its use in wafer-|evel

packagi ng nmet hods. One wafer-1|evel packagi ng nethod con® Msesh 2006

- followi ng steps. [0051] Adhering a die attach material (polyneric material)
to a sub ch as a tape used in tape autonated AB) or a
PCB. . The%dégémg%ltﬁgch material can be adhered to the sugés)ﬁﬁé()?’g”ém ng the

met hod descri bed above. The nethod Hnpl oys cured die attach materials in

the fabrication process instead of uncured naterials and all ows confinenent

of the die attgch materials to exactly defined and targeted positions.

Conver t ®ackeggsend lspdiramepackages. &W@Q@l@éﬁrmql‘sdedﬁﬁg lerid GITW, piharidet hod of

it act el SAR PSS S Pl (PRIER e BRRANN Blp Lf pRRR g,

(uncur eglhersi érealaxraﬁcpachame alild/]eadf:amd packagesi ami mathods dordhetafakitation, desmand.

[ 0052] | M€ h can be adhered to the
substra?htg‘g]{ﬁg%envé rle(’ﬁ'r’fc“e p?ogg q@ﬁ}ah%é%ﬁ{ﬁentional met hods i ncl ude
app! yi ngood8] UTlethetodiiedcritietl aboveroal B hsed irf 1Be Fbficativh RS LR b@IRCkRET eaf ter
curing tge Slﬁ:j@ap d die attach material. The uncured die attach nmateri al

can be ages.gind anethads for theinfalricptiony arpdmpwselin the axhriprgramplel see et hod,
~or a spyk. paRaiNg%,83Rghed. The substrate with the die attach materi al
attached 1s hereinafter referred to as a converted substrate. [0053] Bond
wi ndows [M04N bBhis iventioatcanibs wsed cthe fbrieative df sisgle clidy moftales §CMip! e, punchi ng,

Var o 2Bkl Y PR orsRkntantatn e, SHOMEM aha SRPedREE Lor i n (e

for m of maduled, eid methbdseor héit abliefiohrd BRyvaliig tRlaAsHs, ﬁﬁé}&fﬂp&' Badi$i Ng the
met hod [00551 The wafer can be wire bonded by conventi onal

means uitgEated Gircuif Lechnalogy Reference Manpal R D. Wf%détﬁgfé’ﬁedé%rﬁgtw r e- bond.
Optlonagnﬂ&ﬁﬂgcg}pgﬁﬁbﬁlgsogﬁaaﬁe%l@g @p3  before each wire bond. [00561

After wire bondin enca tion to protect the wires is carried out.
Pl asma [‘l@ﬁ@anmgnm dwpmbgdaalbdvy cigealgpehrerisediinovaferdevebpackagiggmethedsl at i on.

T | d t
o 1 nt o A R BrldR S BE xRS By Btoned 1 RS e e BB oG Tmy e
appl i edOh@wﬁﬂaslebd@hcl&gd@nﬁhddh@myﬁﬂsfeethefoﬂ(ﬁ;@g@hepgm der balls can then bleI
ttach the hott t trat [0059] T :
vafor T O0Ef] Aetns Gttt (b FAAED I PHLSRHT Fich B EP[ 0080]
- Si ngul ahde@h @pe @%@W@ﬁg (PEBPér (9B, A6 QieRRadhAth B o ¥e Ad¥erbPpiveNt | ONAI

nmeans
the substrate using the method described above. The 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, punchmg,
sawing, or laser cutting. Center-bond or edge~bonds can be applied.




such as sawing or cutting. [00611 Wafer |evel packagi ng nethods are known
in the art, for exanple, see U S. Patent No. 5,858, 815. 10blasche?0060ne
- skilled in the art would recognize that the nmethod of this invention i's

not lim e in wafer |evel packaging may be us packagi ng
met hods, %‘(}:’zﬁ%&chl p | evel packaging, as well. [OOGZ%fﬁﬁsan alternative

enbodi nrent of this invention, the nthod can be used to make mnmicro
devi ces. One such mcro devi ce i s a bonded conposite wherein the polyneric
material _can be, for exa cured silicone and a substrate can be, for

exanpl e[0084]r o4 semicondygfer i %@momwefer iitken agiached nibie distattechomaterisleof . These
COWpOS'ﬁS%%tﬁéﬁleﬁlﬂaﬁes\éﬂBr#ﬁgwf orns including |amnates or three-di nensional

(3-D) objects. Tn one e I ment, a conposite structure conprising a cured
si | i con908y aTh@ongmnbembonchd bymhvanmmbi mleama using, $or examplebstrate i s

prepare art .of. the.surface of the solid material is
coat ed ‘\%j v?%ﬁ@ Xersglr E "bQ&‘H Wﬁﬂ‘i‘é?aé{rbécﬁﬁf’gg‘ftai ned with

a |l ow nﬁf@euh@rm@ht organopol ysi | oxane. The 3-D objects can have added
functiolnﬁl ity like thermal or electrical _transfer by means of adding
“speci al [0p70]] edlier wiedopdingsacapsylation to grtechibhe parep iscarisd out. Blasmonent s of
CONMPOS| &R i thff opkiGn M &ﬁﬁ' I C fivf dR8Lukgt €r phase
adhesi on, suc‘%‘rogse? ?bggfa#l?:gF %g@seﬁca%ﬁulﬁtfcﬁ]. Tﬁ@ di e T'(':ljr@at ed by plasna
t r eat mesneapshleul isldigpdnssd, lmethesmolded;mdpnﬂlteiandthaicmeﬂd t hermal conducti vity.

0063 nalil at nbodj.ment e t hod can be
-l[Jsed }nﬂ“ﬂ”@ Ot gﬁ?lﬁ'oﬁi’%lgecﬁﬂﬁcoﬁh?ﬁ gt‘sapg wogl\éq?agk ‘#ﬂg‘ Hgg’ﬁod will adhere
opti cal [oompmrmwmw@bma@mﬁa%b\ﬁ&bﬁ%id%i%%ﬁ%&&&%@é’&a@%o 13 | ow
ref'ecﬁpéﬁutﬁ@m The optjcal conponents can conprise a w de range of

nat er i ically, SyafarJevk tesime o7 maskiag, |05hptb;§mfb@ncamealr®tn ssion | osses.
Opticalfg omers@u&ubﬂem@!? ackhbdd VR caf 8D bOLRIISH ouf bl bbifteMRihbank | POT .

silicone géls I'i cone l'enses, [ con, o Sre g8 materials
can be augle@ssawmrmpmgs devi ces, such as tel ecom*rum cations systens. The

met hod % it adher e ange, of materi n situ, and
with Ichﬁ)élsz“gdg |l%/‘JeaF}fa g@?%gh%dﬁm%ﬂg &8 180 TIPS P 2[1155 ]%ﬁﬁ the |ess
prone tNo.t5I856.805. |Howavetus@a1skﬂ1eaasmeanvdoam&e@@niz@thatmemuﬁd of fhig abi lity
during .tenperature Cdfl i ng, ( reduced stress build up_and de-

| ani natiPYHyion gLl t@&ﬁwmaf%webmﬁ% TR Ysed 1 R @akeBIRE conpl ex

surfacqlgeth&esucm é; ggs%u_used to inprove light efficiency in
Fl at Panel D spl ays (bon ing o color filter assenbly). The nethod of this

i nvent i[8062] sInpenalipmatieecmborimenhefhis inyphtionathe orethod 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 fiunctionality 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




because it avoids the need for adhesives, which may introduce a separate
refractive index, introduce reflective interfaces, and 1hkiash2006
absorption. [0064] In an alternative enbodi nent of the invention, the

pol yner i { LAl is a cured silicone el astoner that de
transpargﬁﬂﬁogﬁhfght. The plasma treatnment not only &ed 3?52 esi on

bet ween the cured silicone elastomd3 and the substrate, but also creates an
interface regi on between the cured silicone el astoner and the substrate
that is transparent to light. This may result in low | oss of |ight energy
in a wi 0% elergac lopsesalhs|opfiepl pempopants canceemydiisere ideirangeof fateripk, the

opt oel e | AT ' g4 lces, \W,thowt wshing to
be bounﬁl%%;ﬁl&mh(r}y, |€iaﬁ§6ﬂtn}g%ugﬁ t gr{‘l%?ﬁ%g'ﬁpr?tggﬁ%%é V%IFJ]‘W?%“% di fferent
r ef r act elestomérsyddica bpiival fibees, bilicdneqiklst sikcond raath Isnses, citioen, ahdsthesEThesd N SoNe
instancesf .t.he abdhes'.ve int.ergace r%g%so or bond line created hy the

ol asma EPEHe!RER DS used ) Hhgronishderisss sugtasde uniepftpas systgs Thgmetiodckness i s
| ess t hadvidbehyadiklyds 8dtireds rahdediFmatiRisuh sitf) aRPWRR | RFFNEAIVE TostRPdichat i Ons.
Wt hout wi shing to be bound by theory, it i's thought that the interface can
be funePlpumaAdheted intgsfaces mashhe 1pss drove seithepnaliyvedugedstessssl leadingdet i ve i ndi ces

useful 4 : s..anplicat j .. I ative -
enbodi ne {&%??t aeﬁlﬁlvengil%lﬁfmtuﬁg%@ﬁ 1&"5&%@?&%@% 0\}@ ab&seﬁél}sef ul in the
heal t h lominatipmdBigsmatreativent paol prowide @ uniform band aveemniplextsoifscegfhodi nent is a

cured silicon The resul.tin | asma.treated cur I 1icone has adherent
pr oper t* %O{ﬁoﬁdﬂﬁonhbeﬂg‘e‘f%dﬁﬂogﬁﬁglg venGY & %W%P@ﬁ%@ﬁFﬁ ; _product s
for  nmediotaifil@pabinssty). @Hémeﬁb@oﬂﬂ@%i%nﬁéﬂi@ﬁ&%ﬂ%ed% Qi/ﬂhé'&%gl%ic‘ﬂﬁ&ﬂ' cal surface
cl eaning. 10, March 2006 WO 03/041130 PCTI USQ2/ 29990 14 EXAMPLES [00661

These 85#sF Egveidsthe aeccfgadhesives) whish may intiofvceiapopamate saftaptivedpdexski | | ed in
the -ar.tmmcefégebﬁx%ﬁtarf' 2cRE @h@feageahﬁ%&&ﬁm' imting the scope of the
al Ns. e en

invention set forth'inthé c te Exanple 1 - Low Pressure G ow
Di schar[§864pl ds amalisPERive 80BGHimént B thesovehtiBC R palymericndtergbis arcateds a | ow

pressurg:. to torn r.adi o Yy {RF) cold plaspa. This unit
oper at esghcég? %g%to rﬁ?fg 8?11063 %ﬁdc?tﬂanﬂjg’ﬁﬁ“[ {?ﬁ&ﬁg L}g‘ggf*’ffﬁ%wa%?lﬁ‘%ig@"t react or

t hr oughmestestalikesivabamickn the\cBlel sitiooHR! edtoMer aidPtht 5B Hut A5P&LRS an NE System
has a control uyni pl asma chanpber (24,500 cubic centineters) with quartz

grid sHEE ?ceFﬁFgl‘”bé‘;rWFed]t ?°W@F%§¥aﬂ?m§@ﬂ§6hw&m¥ ipfranspasertput power in
the ranﬁgﬁt.msqna@qesmmvm&érutgg@éag%m&%ge%vavé&m.*r‘ﬁ&uum punp.  The

chanmber diameter is 25 centine
embodiment is useful in optoelectronics communication and transducer devices. Without
wishing to be bound by theory, it is thought that the interface will have a different refractive

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 resulﬁng 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.




chanmber length is 50 centineters. The system has nodel ##: 1PC54005- 11020ST,
~conprising PML19 RF Generator, PML1020 Reactor Center, #&hBlaRRADO6C
- Controll er Thi s unit is comercially available from Branson International
Pl asma n, 31172 Huntwood Avenue, P.O. Box rd, CA
94544. R ere %:lg&Exam le 2 - Low Pressure d ow Di schaﬁ%géqupg% (LPGD)
100681 A Harrick PDC 32G Pl asma C edher generates a | ow pressure, radio
frequency cold plasma. This cl eaner operates either with or wthout
continuous gas flowinto the reactor _throughout the inductively coupled
pl asma treat nent process. The syﬁW&B a cylindrical pI asma chanber (800
cubi ¢ cewssIET | t.Qr en8 to
12 meganerry. o p iRl at (AR Blstdl he SR8 pd JT B S0 e 1)
and a vélwlﬂﬁotbﬂmﬁmr&ﬂﬂéa&lhamgth@cmme 1ms:nﬂolﬁsetﬁmﬂhlmrﬂieera&ns The chanber
- length is 18 centinmeters. Reference Examle 3 - Atnospheric Pressure d ow
Di scharge APGD Plasma [0069] An Atnospheric Pressure d ow Di scharge (APGD)
Pl asna - Refetenopiéaatphs] aLowaeﬂﬁﬁ@GMDlsQfargg@stnﬁKmDE:e” C pressure is used

to treatoogﬂeng rfac Pl asmas, are generate a base pressure of 1020

mlliba S lesgaplnit s aﬂwmsw@ﬁio%)tg@s@dm The
treat negéc?eﬁd}qmw(gel orf r—ﬂ#eﬁﬁg fagtéglé oﬁt'cgﬁtﬁm? Sgfﬁﬁecond to 8

m nut es he inter- IS se ecte(?be 'l i meters
dependi tbﬁre@ﬁer tbmughmé&e cepacttatyelysotyed piafmm trehfindvih probes2. 00k He@3/ 041130

(D) Aar oy bt e SRR AN Rl el Tnaaree Rl s 11/

t hr ead)gdneratohéapbm]:ts au13f meegnhermtmmput?zbweqﬂ tHRGardddRf 6F06 Waltyftp t he stud

ling on the stud until failure

whi ch attaches bhe anal zer, and pu
occurs. Oﬂﬁ@'}? F‘E‘%ﬁ Pﬁﬂlle ﬁ&@@@h@@?@rlsaﬂn@gws flbows' over the
top edgﬁiaﬁﬁeﬂl&%ﬂﬂibgo céﬂ%ﬁ:eﬁﬁ‘m s&ﬁelﬂﬁh'sslﬂ%e?# ]?b?&(ﬁﬁ 1&@@0&”@0&1 Gy ect

te e twashed

adhesi on of the screw to e subsStra Screwe s
with t(ﬁMe‘r?eR%@e@eéﬁ@: mez%llmtoocm;er; imTtPMttQﬂOﬁl@n&ullera’ﬂﬁmm of the screw

to th eh df
this puy percAY e frd NSO bl Plagd POSPAERS AP FodWeat Dl o Shear
Test i sAysend, BrOnRbxi4 3G [Heyivanl, CAc04shear t ool (Royce 5520) agai nst the edge

of the die, and the force required to shear the die fromthe adherend is
recorded. Note

Reference Example 2 - Low Pressure Glow Discharge Plasma (LPGD)
[0068] A Harrick PDC-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 §
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.

o

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/O (99%/1%) and He/N7 (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.




that the size of the sanple (polyimde (Pl) sheet which the die is
attached) is adjusted (cut) to span across the sanpl e htl Merchfa0&bewor k (10
mllimeters by 10 mllinmeters) to be properly secured. A ROYCE 552(r) Die
Shear Te ' precision universal strength testin or

eval uatiﬁ%(?é%jdéf%gl ectronic structures that neasures d?%é%@%%%sg?({r engt h by
performing a shear test on the diel> Reference Examle 6 - Modi fied JKR
Test [00721 The concept of using a hem spherical silicone Iens and fl at
adheren%}(t ba gl on.the Johnson Kendal | Roberts (JKR) study is used

t 0 meastTe -t e aUrestv Rgtabf  adhesion inparted by a plasnma

_ . TV " 184
tr eat me0070)A AiSoll (86 Pull Teiasptiinsi by m&@p&oaffg‘bt‘i P(é)ar?\é(lgxf%@ﬂﬁsghl ({41

comerci.al |y availabl e from Dow Com rig Co , M) and the

adher enthregltodheiopgunface of the dienthzeadiog thetsertwyntodi sudwiicls gitwehes to Hee ¢ r eat ed
| ens angmng gﬁﬂq]]- QHS Rk t I gLo 1 ntimte contact under | oad.
The | ens te_ﬁlgs t'o ng:(glvtgé Its o?@%&n@?&s‘sﬁ}ahﬁapﬁﬁﬂiqgﬁﬁ%sa@ P%feﬁw ss on the
ci r cul ardhsgivel‘flomseoveathesapiidge bf theidiepthé bamigleisainthbledsr tastinded to deeit act

bet ween I nd adhere i bt.ai ned and | eads to the energy of
fract ur%&hgg%bre %%&Wﬁ?ﬁ%ﬁﬂ%é?%gﬂwégﬁ%@ seReYR pre Vaghed vatideluenedeptione 7 - St ock

Mat er i aogid dQfiSthalMahepredint AlheSoRoth &P toithd | Ojﬁ'cﬁ]?ﬁ]!iﬂ QURRF! tion
havi ng a nmodul us of )8.1.53011 me .a%asfgg‘f afv'?teofth%:%l?'e. e ﬁ%%&’sﬁagggﬁsecant
nodul ushepgehollpnperalug in usediferghia pupotsbel | 10 March 2006 WO 03/ 041130 16

PCTI US02129990 shaped speci nen neasured by Instron's universal tester at a
cross- head speed 20 inches per mnute as described in ASTM D638. [0074]

Mat er i aRefrence Examplesfbl Bie Shédr Seagtiel@st oner conposi tion having a secant
modul us ﬁ]& 108% train of Q.36 negaPascal after cure. The secant nodul us
is measy By Lishea st is performed iy pleeing thsshear tool RoyGodia@) apiinst tHexam | e |

[ 0075] & bRk bkl £ dE/H %hg 7469 LC chi p, W t hout I vation
| ayer hegg di_nen’szlﬁ]gns@%.cg _ #%es%a&h%b%/e %9'?% @F?r%ﬁﬁpg‘f@ A chip
S(r:]al_ e dheidhesizesfthei sampls (miymh (PIk)mhédt ivhichalie c}iaiscakaduec’%)liezd[iliﬁt@&cm fo)éi m de
sheet ' 111 i.-jnch thi ss,.stencj| wth 18 mlli-inc Il ameter |
apert ur gﬂ%gﬁé&ghgff hphigr %‘?vf?%% |naﬂ%e£r§}9y ﬂ&@%@’é@’%&d}f@eﬂﬁasur ed by
ASTM DGdéred. A ROYCE 552® Die Shear Tester is a precision universal strength testing system

for evaluating microelectronic structures that measures die bond strength by performing a

shear test on 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 Midlaﬁd, 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 Iens 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 6btained and leads to the energy of fracture

expressed in Joules per square meter.

Refercnce 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-




[0077], A pitch of the array of apertures is 0.75 mllineters. The
resulting printed nubbins are cured at 150 oC for 30 m htuMarch 2008i e attach

adhesive is printed on top of the cured spacer using a 5 mlli-inch

t hi cknes i.J with 16 mlli-inch dianmeter apertur of the
yOoLAALt W TS

die attac e is 5 megaPascal s neasured by AST : anple 1
[00781 Material A is drawn at thicklfess of five milli-inch on a Upilex 25S
polyim de (P1) sheet and cured at 150 C for 30 min. Air is used as a

pl asma. treatment ti is 70 ~seconds, pressure is 0.78 Corr, RF power
s 167, S et eapurad by fndhonts yniverss! toén i e hoad sprsd g nsbesen e

Br ans onimiifMz $l desoribed BAITM Ms38dhesi ve pad and TV-46 are treated by the

pl asma. @ég 791 The products of Exanple 1 and Conparative Exanple 1 are
‘eval uat c MpgriaP is @ curahle silisprprlastimerepwpesitivn hExiagpbead mddabismesul ts ar e

i n Tabl gt stl@bb. =P ren . Kg-f or Conpar ative Exam
l e 1lwet- bassed r?c%s%%aggslé?aan@ef%ﬁ%!ﬁ%f%%?té’fl&fﬂgusiﬁﬂfas)ma%%ﬂ?S 8 Pl sheet
f ai | ed, mplhed asfer Matedigi An. 10 March 2006 WD 03/ 041130 PCTI US02/ 29990 Exanpl e

2 and Conparative Exanples 2-4 [0080] A 10 m| filmof Material Ais
printed on polyimde Upilex 25S and is cured at 150 oC for 30 mnutes to

f orm a Comparstive ByadipleA surface of TV-46 silicon die and the silicone pad

are t:nee!m"?ﬂ br% Al L_-ﬁgfgasna conditions of 0.05 torn, 100 watts, and 30 second
treat i feSimpdhetytestyahigle SR AR) 16 ehiprwithont aipassivaiorelayerbat ed di e and pad

are putdimBhsfors M4 AAtRet Glmi dhesi on bondi ng. The resulting products
are described in Tabl%&gﬂggg%@gﬁe&% uated by the nethod of Reference
Exanpl d0876] Tifechip saaletspacar is printed ah e Pmilf-alrhehiek Dbitex8ib4 pobyifedihbet( 91 ams-
force using a 4 milli-inch thickness stencil with 18 milli-inch diameter apertures. Modulus of the
chip scale spacer is 5 megaPascals measured by ASTM D638,

[0077]. A pitch of the array of apertures is 0.75 millimeters. The resulting printed nubbins

are cured at 150 OC for 30 minutes. A die attach adhesive is printed on top of the cured spacer
using a 5 milli-inch thickness stencil with 16 milli-inch diameter apertures. Modulus of the
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 ©C for 30 min. Airis 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 P1 sheet failed, not the adhesion.




Conpar ati ve Exanple 2Pl asma treating silicone pad 152 only Conparative
Exanpl e 3Pl asma treating TV-46 only34 Conparative Exam | & ¥&ch#086 ma
treatmentDie falls off pad Exanple 2Treating both TV-46 and > 1000 silicone
pad [008 e 2 and Conparative Exanples 2-4 sho stic effect
I n that ﬁuucﬁifoﬂipronger adhesion is created by plasnma %@éﬁ%%%gg%f both the
pol ymeric material and the adherentf! rather than plasnma treatnent of only
one of the two, in this test protocol. Exanples 3-36 [0082] Material Ais
drawn a of f|ve mII|-|nch on a one mlli-inch Upilex 25S

pol yi m eesShE QUIPArallye LIMOPEs £50 oC for 30 nminutes to forma silicone
pad. A fo08bpca l@fnul fil¥n AOvalehihICOR HinRdd0%o l%ﬁﬁdé SORR A Al 35

treat ed. Exgnp |l es 3-36 are carri efmnou %I ilous ggsn%&%r ocgozs

condi ti Qﬁsfor 30 minptey &Y figind @ sTHCORIPABIA sifR6 SETE-46s11Ra1 ﬂ'i@'ﬂhd fne RBico®dd RF  power
using air %§¥%§n usi ng a, Brapson plasma chanber. The sanpl es "are tested
accor di ﬁ)&t{egte 2 egnditiong 050.05forr, £0fkwatts; B3 0econd freatmishtdines 10 Mar ch

2006 WO
EXAPL e b Biaitord orr)Tl m&?gg%%%éﬁég’@éd R RR} inlg infimate poptact fur. 1) Ak, 05
20187. 5adhspien bepdingo Theameswting prodwss 20d@britkAiin Tabl82 ddDar8 eeal@id Y. S 120 75

9Ai r1. 5m%910§ QPRngfA‘héeQE)ggipfe 4, 7[%6 results are in Table 2.

‘Table 2
Die Pull Strength (grams-
_ force)

Comparative Example 2 Plasma treating silicone pad | 152

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 ﬁeatment pressure, {reatment 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.




' ' ' . ' 187.5
11Air0.05 70 300 12Air0.78 70 187.5 13Air0.78 70 187.5 14Air0.05 120
15Ai r0. 78 20 300 16Air1.5 20 187.5 17Air0.78 70 187.5 1800 March@0@87.5
19Air0.78 70 187.5 20ygenl.5 70 75 210xygen0. 05 20 187.5 22C><ygen1 5 120
187.5 23 8 20 75 240xygen0. 78 120 300 250xygenlqzsr7
26O<ygen?6/5&@gﬁgé%0 270xygen0. 05 70 75 280xygen0.05 70 3 6‘%3% ygenO 78 70
187.5 300xygen0. 78 70 187.5 310<yge1r$0. 05 120 187.5 320xygen0. 78 20 30Q

330xygenl. 5 20 187.5 340xygen0.78 70 187.5 350xygen0.78 70 187.5
360(3%3eqr901g§ 70 187 5 [00831 I n each of Exanples 3-36, the polyimde sheet

failed . hestof—Exgh 3—36—show-that_a variety of plasna
treat malrzi conrﬁ tijo ef f ect %Fﬁ'/“%‘i"gbt ?@Eﬁ%@ﬁ@n BFPPWQY sifl i cone el ast oner
and t he—&He—-used- A this.n hod— 10 MHrch 2006 m@®4113( PCT/ US02/ 29990
19 3 Air 1.5 70 75
_ 4 Air 0.05 20 - 11875
15 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 1.5 170 75
21 Oxygen 0.05 20 187.5
22 Oxygen 1.5 120 187.5
123 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
- 135 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 adhesmn of the

silicone elastomer and the die used in this method.




Ref erence Exam |l e 8 [0084] Bare silicon wafers and silicon wafers coated
with a polyinmde coating (Pl X 3400-8 from HD M croSyst et@Marhe2006ngul at ed
~into 5 mllinmeter (nm by 5 nmdies. The singulated dies are washed with
~dei oni Ze@vd‘@st/(ﬁhs@t 800 pounds per square inch (psi) af§ m%ﬁ%]s@dg' [ 0085)
Bare silicon dies and pol yi m de-coated dies are attache e silicone
el'astoner pads after both surfacestdare treated by plasnma. The pl asna gas
is air. Using the ROYCE 552(r) instrunment, die shear strength is neasured
for 5 spp C%Ee%ﬂgg average is recorded. The die size is 5 mmby 5 mm
and con [ ared ot the die on the silicone pad is about 20 square
mi || i mef0884] Hxasiliceswartrs4ad EOBOYafde bestedhitBa E&yﬂﬁh&o%&lg)@m 33333;' l'i-inch
KAPTON _ﬁoWe gheet usi ng 4 mlli- inch thickness stencil ere many a
pai r of 8 FropEtiems) fre singnlated-inta 5 nyillimesgs g by &y dies.he singulajedt t er ned,
and t hef®s &8 vas letdn! | . A pitch of
oo AL Vel 00 pBe B B3 Rl IR (ADSERERe. Culea’at 150

the pair of apertures is |
oC for 8% nBaresilicaudips andipelyirnié-conted diextse attadhddamethosilidine elagtber di ce

pr epar ' f 8 are treated by . pl asma Usj he Harrick

PDC—SZégadE?’g%?r)gﬁl(r:on |ts%ﬁ§%%§3¥pgﬁwgé°§k§@a§%s ﬁﬁl{.ﬁ%m@ﬁg@@%@ t r eat ment

tine, aSf2@inStrimdnt, d SB&iEngiIER elbaslirgd fof 5 %ﬁ%ﬁﬂi&&ﬁge%& fefier the

pl asma tr(fat_mant for 5 seconds under 1.25 Kilograns at 2 8 e die

"bonded T 4ifsizeis Sy Syam andypontrctarpmotihedie oo shesilicone pedSSatwt F5 % r el ati ve

hum di t ; er to show adhesion against noisture after 1, 2 and 3
é—?ﬁ \

weeks. e sanples are tested by the nmethod of Reference Exanple 5. The
conditions and results are in Table 4. Table 4 Exanpl eAverageDi e Shear

Str eng%@g@r Strength (K force)(Kg-force) WeksPI -coat edBare Si
3701. 8Z: 51.9 3922.31.6 4032.42.3 1 0 March 2006 WO 03/041130
PCT/ 1TH0@86] 9 ¥4ierial B is printed on a 3 milli-inch KAPTON polyimide sheet using a 4 milli- x

inch thickness stencil where many a pair of 6 millimeter x 13 millimeter rectangular apertures

[A;

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

paJr of apertures is 5 millin:feters. 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 OC. The die bonded to the silicone pad

by plasma are located in a 85 9C/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 Pl-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




20 10087] These exanpl es show that durabl e adhesion (e.g., adhesion that

| asts for at |east several weeks w thout significant detlidash 2006strength)
can be created using the nethod of this invention in this test protocol.
Exanpl es_41-43 [ 00881 The same die bonded to the pad i 37 is
stored iW‘ﬁ‘?Mi@g oC convection oven to show effects g?ﬁﬁ@%%?%nperature
storage on the adhesion. The sanpl ¥ are tested by the nethod of Reference
Exanple 5. The conditions and results are in Table 5. Table 5

Exanpl e sDi.e Shear.Strength (Kg force)Di e Shear Strength, (Kg-force) for
for P1- tﬁggjﬁed pEcxamples $hovg %d“ga‘bg%@‘gﬂﬁl@ (ex34dbesion ﬂg@@e‘@%omﬁbgﬁ exanpl es
show t haverathhesics oitheut ShIRai edrbRe TRIRAS PanttRicRal ' e
mai nt ai ned after, storage of a device prgggrag(yaaczeaﬁg\sé%%glggﬂeg%g\?g is stored
at r el afsymysption igrhis festiretoealur e for up to 3 weeks using this test protocol .
Exanpl es 44-47 [0090] The same pad and dies used in Exanple 37 are used. To
show how | ong plasma- activated surfaces are effective for adhesion, die

attach ExamplesdleiBt er 1, 4, 8 and 24 hours after plasna treatnent of the
surface Pl asma conditions and die attach processes are the sane as in

Exanpl el%'é%ﬁl Thhe spme die banded ¢o tha pathin BxagipleT3ais sto®d Exthap 5@ 8T agsvectidni ne (hr) Di e
Shear ~Dh 10 r engt h - force).,wWth Pl-coat Di ef orce)
Wi th Ba%rvrgﬁ s@gh%"ee@%%ﬁﬂ% %ﬁ‘ﬁggﬁ%ﬁg@g%é@‘?é .?"H?%f?%b‘?%%@%ﬁ% h 2006 WD
03/ 041 1tBomptrd bfRefERAGIXample 5. The conditions and results are in Table 5.

Table 5

Example | Weeks Die Shear Strength (Kg-force) | Die Shear Strength {Kg-force) for
_ for Pl-coated Bare Si

41 1 3.8 2.6

42 2 3.5 4.2

43 3 4.8 3.4

[0989] 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

o 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
146 g 2.0 1.2
47 24 ' 1.8 0.5




[ 00911 These exanpl es show that sone sem conductors can be stored for at
| east about 24 hours after plasnma treatnent and before toMembt?2008 with a
- silicone die attach material, and adhesion is still created using this
~test protocol. Examles 48-71 and Conparative Exanpl es é%[? é%ﬁ 1 The

Pl - coat ed” UP@+HAY printed Material B as in Exanple 37 B gOZVari ous
plrasma  conditions and die attach tdnperatures are applied otherw se the
sanme as in Exanple .37. Untreated assenblies are also tested to show

effects %&ﬁl'gﬁm for the strong -adhesion. The_ conditions and results are
shown i F00%Ll) Bhese expmples showy thaporersemigoaduatorsren bertorediforat leastabig 2

oig
Exanp| en&ird SR plb¥RS thdiBed GHB 65 (o580 of 8 rative 5No
treat nent 2200. f_48co! ! ﬁesseg iﬁ{eﬁb&%%@&%%?@%ﬁ%@ﬁ%%%ﬁ
51He 52 28dhesion 3tk sated usiog thiap@ BR2ARL.9 Conpar ati ve 6No Treat ment - RTO. 2 (*)
54conp ai r5RT1.1 55025RT1.5 56Ar5RT1. 1 57He5RT0. 3 58C025RT0. 4 59N25RTO. 3

60Conp air202202.5 6102202202. 5 62Ar 202203. 4 63He202203.0
Examples 48-71 and Comparative Examnles 5-6

[0092] The Pl-coated die and printed 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 ave 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 Oy 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 5 RT 1.1

55 0y 5 RT 1.5

56 Ar 5 RT 1.1

57 He 5 RT 0.3

58 COy 5 RT 04

59 Ny 5 RT 0.3

60 comp air 20 220 2.5

61 0))) 20 - 1220 2.5

62 Ar 20 220 34

63 He 20 220 3.0

64 COy 20 , 220 33

65 No . 20 "~ 1220 3.1

66 comp air 20 RT 2.1

67 0)) 20 RT 1.9

68 Ar 20 RT 0.1 (%)

69 He 20 RT ' 03 .

70 COy 20 RT 0.6

71 Ny 20 RT 0.7

(*) die falls off the pad




64002202203. 3 65N2202203. 1 66conp ai r20RT2.1 670220RT1. 9 68Ar20RT0. 1 (*)
69He20RT0. 3 70C0220RT0. 6 71N220RT0.7 (*) die falls off tHeMpmt 2006 Mar ch
2006 WO 03/041130 PCT/ US02/ 29990 22 [00931 Exanples 48-71 show t hat
routine ntation may be required to optimze t g, treatment
conditio ﬁg%gén?act conditions, or both of the net hodnﬁ%mﬁ@%’ I'nvention for
sone adherends. Exanples 72-95 and XZonpar ati ve Exanples 7-8 [0094] The bare
silicon die and printed Material B as in Exanple 37 are used. Various

pl asma conditions and die attach tenperatures are applied otherw se the
sane as in Exanple 37. Untreated assenblies are also tested to show

ffect | g | t
Shown | oTal| BRI Ak 7 3o el R AR A ariof iy B P B RISl 5o
St r engt Plaswefecpiment (:@wms,)cmamp@m t(rcb)}(u@ﬁmeﬂaod &@ahip rvastionefor” No

treatne é%g 72conpressed air5220.4.1 730252203.8 74Ar52204. 2
75|—|e5228:%n %8%52202. 4 77N252203. 2

Examples 72-95 and Comparative Examples 7-8

[0094] The bare silicon die and printed 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 Tab1¢ 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 05) 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 32
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 CO»y 3 RT 0.5
83 Na 5 RT 0.6
84 comp air 20 220 4.3
85 0 20 - 1220 4.2
86 Ar 20 220 4.7
87 He 20 220 4.1
88 [ COn 20 _ 220 4.4
89 No 20 - |220 43
190 comp air 20 RT 3.7
91 0)) 20 RT 3.9
92 Ar 20 RT 3.5
93 He . 20 RT 13.5
94 COy 20 RT 4.0
95 No 20 RT 1.0

(*) die falls off the pad.




Conparative 8No Treatment RTO. 1 78conp ai r5RT2. 7 79025RT3. 8 80Ar 5RTO. 8
81He5RT1. 1 82CR5. . RT0. 5 83N25RT0. 6 84conp air202204. 3 8BDHA2@H 2006 2
86Ar 202204. 7 87He202204. 1 88CC2202204. 4 89N2202204. 3 90conp ai r 20RT3. 7

910220RT ORT3.5 93He20RT3.5 94C0220RT4. 0 95N2 die falls
Sduatg Bl

of f the pad rch 2006 WO 03/041130 23 PCTI US02/ 29 s 96-97 -
(APGD 1% Oxygen/ Hel i um : adhesi on 230951 The surfaces of both a silicone

| ens and a glass slide are treated by an 02/He (19499% plasma lit at

at nospheric pressure for 30 seconds. The silicone lens and the glass slide
are brought into intimte contact under a force of 2 kilograns for 60

secondsmmmmﬂgwi%mmémelﬁﬁpia%&m@am?ter reached 6 to 8
mllimeters rel easing the Toa racture naturally occurs driven bythe
el asti cl008jul I%eS@ffa‘feﬁéf@thgﬁﬂjﬁ@lell%ﬂsﬁndagbﬁﬁesllﬁemmeaed bpehOaftle equi | i bri um

Fract ur esi ve | sili cone hase. The dianeter of the contact
ar ea b@t) (’/{gge/lc‘i? ]E]ﬁ%naslﬁth %tgqugp 116 RS S mg?\QjSE’PWng&ssng%e lgpspd dbesgless 6

m | | | el sre Bro@l PiniRR @i uddl S abAAiRRRRIILEh bboriPE BRI T ed KR

nodel . The results are in .
. temperature. The contact dlameter 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 N
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 5mm) are aftached on the cured silicone for 5 seconds at 190 °C under 1.25 Kef. 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.




Table 9 m Substrate Exanple 97d assstrong adhesi on Exam | e 98Siliconestrong
adhesi on Exanpl es 99-104 [00961 Three curable silicone nil Maical2006i t h t hr ee
di fferent Young's m)duli are spun on a wafer and cured. Young''s nodulus is
about 10 300negaPascal s and 1.1gi gaPasca d vely.

Young' s %Fg’égl S rreasured by ASTM D4065-95 tensile r?gc&ré&%?fgglg%g Dynam ¢
Michani cal Anal yzer (DMA) nade by T Instrunments. Plasma conditions are

air, 5 seconds treatnment tinme and 60 watts RF power -using Harrick PDC 32G
D es (5r1rg,:‘5:.1 T%Smﬁ are attached on the cured silicone for 5 seconds at 190 C

under The results are in Table 10. Conparative Exanples 9-14
[ 0097] { Exanpl es 99- lﬁ{{mgfse repe TROSEEEEPT NMOoAdeaopE tTeat nent is carried
out. Np adhesion vag xout the plaspa treatnmentj 10 March 2006 WO
03/ 041130 PCT/ US02/ e 10 Young's| Modulus of {Di e
Sur f acgAdhesi on Si | %Q%%gegodaﬂ?nq (megaPascal ) Exanpl e 9910PI - coat edSt r ong
Exanpl SrmN “‘g“pu %f“%f?fg? ._Aal. ,h~p4n4300r>: CS',‘t%ngdSt ohg{ Exanpl e 102300Bar e
Sl Stro i, Tl ||1 Oc 1T \.iU.n.\.ro. 1 Bare Sl g Strong .
- Example 101 300 Pl-coated Strong
Example 102 300 | Bare Si Strong
‘| Example 103 1100 Pl-coated Strong
Example 104 1100 Bare Si Strong

- [0098] Examples 99-104 show that strong adhesion can be created with polymeric materials

having 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 Au on PItape | Oxygen | 20 60 Strong

[0101] Examples 105-109 show that strong adhesion can be created usmg a vanety of
substrates using this test protocol,




Exam | e 1041100Bare Si Strong [0098] Exanpl es 99-104 show t hat strong
adhesi on can be created with polyneric materials havi nglGWMdeh 20861 us
ranges according to this test protocol. Exanples 105-109 [0099] Cured

Mat eri al i.n. Exanpl e 37 and various substrates ar y various
pl asrra_cowrbloo@?q‘%lgos otherwi se the sane as in Exanple 99%’%@&2/?%%& _
cdnditions are the sane as Exanpl é2399. The substrates, plasnma treatnment
conditions, and results are in Table 11. Conparative Exanples 15-19 [0100]

Exanpl egz 105- 103 are regeat ed except no plasma treatnent is carried out. No
adhesi offZ 4 ut the plasma treatnent. Table 11
Substra (ﬂ@@pTA%ﬂicaﬁmasrt&ﬂ@%m&%uMme@aﬂ fﬁﬁg@qg L E@}ﬁ le

: er Ex np&ea(%éélﬁplﬂc n&p’

105Si i con oxi deAi r 560Strong assivated wa
ni t ri deff flwostesimwthhamedulus ofd.-Snbf gigaPaseatpire plsifReatedivadlivkicom@§0St r ong Exam

| e 108Sql:dey: ' Q9PLat e |

t apeOx 5‘8%3’%%8%/@9 ﬁ%rﬁ? %%%q ?ﬁ] %(tgéng%ﬂé‘aeﬁ%é]? il %ﬂgﬁS@ﬁ-ﬁ@t ﬁgﬁqaoqaanﬁﬁﬁe sion can
be cr eal2 WatisnCondacy time é ymidrfute uhdérat font 052Kg IPR@nird bferdy6is bal@l@épcol . 10
March 2006 WO 03/ 041130 PCTI. U302/ 299 Conparative Examl|le 16 [0102] A
sili con@ccgﬁdﬁﬁ%ﬁi?ﬁn?ﬂ}'&?@@% lﬂgﬁﬁ%@ appief. Thegegeltsescn Tablgd2a and f1 at
piece of silicone resin with a nodulus of 0.5-1.5 gigaPascals are plasm

treated_for 30 seconds wusing high purity conpressed air as the plasm gas
in a HoExample HYC 002 Plasma O eaner at  29.6 Watts. Contact tinme is 1

the. modlTidy Seahifeaiifls § R B aifhRtitoiial Fhies SR 10 1o

Exam | pgteagth is measured according to the method of Reference Example 5. The results are in

Table 12.
Table 12
Joules per square meter
Comparative Example 16 0 -
Example 110 30

-0 means no adhesion.

[0164] 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.




[ 0103] Conparative Exanple 16 is repeated except that contact tine is 12
hours. Die shear strength is neasured according to the HeMamh 906Ref er ence
Exanple 5. The results are in Table 12. Table 12 Joul es per square neter
Conmpar ati ve Exanple 160 Exanple 11030 0 neans no adhesion. [01041

. Conparative Exanple 16 and Exanple 110 show t hat adhesion 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. 10 March
2006 WD 03/041130 PCT/ US02/29990 - 26 W claim 1. A nethod characterized

by: A plwemgoiiiept nent of a polyneric material, wWaghgjop26dve pol yneric
material conprises a silicone and 5§e silicone conprises-a cured silicone

resin, a cured si'licone el astoner, cured-silicone rubber, or a

conbi nat i Wacltier eof B)  pl asma treatnment of an adherend, and C) thereafter
contacting the polyneric material and the adherend; thereby creating

- adhesion of the polyneric material and the adherend; wherein the nmethod is
carried dut dﬁfqe‘&} aasterizéd on of an el ectronic device, an electronic

devi ce package, aaphahRkAmsied agBlymeric @D WRSEES fiRietic daNEiAe. 2. The
.method of claiml, further characterized by: storing the paolynmeric materi al
af ter st &pmpLEss asfligonsand hesilicons pompriset cuted sicqng ropipy @ cyrahaliconeelasiamss, step B)
and bef or@usd Siofierubbef, ok dolbination therttb® net hod of claim1 or 2, further

characterized by repeating steps A) ., and C) one or nore tines. 4. The
met hod of claim 3#) E‘ng”fgf"?{‘gpﬂ%a‘ﬁ)"'m‘%"d and C) are repeated once to add a
second adherend t)ahdréaGeraohtycting thepolfmictic matbrial fnd thehghersad;hod of cl ai m 4,
wherein the | yneric teri C ri ses .a di t agh adhesive, the

adher end congfﬁf%‘%%’eﬁ“‘é e%??n@hl@%?'gﬁfcé“a%?a&“%@ﬁﬁ?auct or substrate, and
the second aneemdivcneaionycasiedouhdgipgiabivatiencif e eleiranicodeviae, apdeaoaduct or
substrat Qovice package, a photonic device, or an optoelectronic device.

2 The method of claim 1, further characterized by: storing the polymeric material after step
A) and before step C), or storing the adherend 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 fo add a second
adberend to the polymeric material.

5. The method of claim 4, wherein the polymetic 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.

1 The method of any of the preceding claims, wherein step A) and step B) are each
independently carried out using a plasma treatment selected from corona discharge treatment,
dielectric barrier discharge treatment, and glow discharge treatment. o
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6. The nethod of any of the preceding clains, wherein the polyneric
material has a nodulus of at |east 0.1 negaPascal up tolGMgichaPa8cals. 7.
The net hod of any of the preceding clains, wherein step A) and step B) are
each-:independently carried out using a plasma treatnent selected.from
‘corona discharge treatnent, dielectric barrier discharge treatnment, and
~glow.di scharge treatnent. SUBSTI TUTE SHEET 10 March 2006 WO 03/041130

"' PCT/ US02/ 29990 27 8. The nethod of any of the preceding clainms, wherein
step A) and step B) are each independently carried out for a time of at
least 1 mwhopegend up to 30 minutes. 9. The net hqghialsodRdeegf the preceding
clains, wherein step-C) is carried t at a tenperature of at least 15 C
up to 400 C. 10. The nethod of any t he preceding clains, wherein step C
is carried out for atine of at least 0.1 second up to 12 hours.

SUBSTI TUTE, SHEd 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.

9.  Themethod of any of the preceding claims, wherein step C) is carried out at a
temperature of at least 15 °C up to 400 °C.

10.  The method of any of the prece?:ling claims, wherein step C) is carried out for a time of at
least 0.1 second up to 12 hours. ) '
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