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application clains the benefit of priority fromU.S.

Provi sional Patent Application Serial No. 60/784, 187,

filed March 21, 2006, which is incorporated herein by

reference. TECHNI CAL FI ELD [ 0002] The present

invention relates generally to chip stacking, chip and

waf er bondi ng and useful materials for form ng such

chip stacks and chip or wafer bonds, nore

specifically it relates to such nethods and materials

where the _materjals _provide strong bonds mhlle belanr
Methogls pnd-MaterialsHUsetul ton Chip Stagkings Chipand Wafer

maki ng such materials reBondiig. BACKGROUND [ 0003]

Hi storically, in sem conductor manufacture, single

seni c 2RI RN CEO PP REUR ST PR ESCA RS

seal e e ounted 1t o,
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functionality or increased capacity could be provided

Applicgtiop; QfHIEFleN@{ 6@}’6@&@@%@@&4@9&%@%@% whichdg|ipcorporated
hennHQ@ﬂ%ﬁ&%nEQe | i ke. Wich such packages, for exanple a
I nl 1 ne package (DIP) or a single inline package
(SI P) served to pr OECHNECAECKFIEDD! or the enclosed
di e from physi cal damage, contam nants in the

[0002] smhmmmtgmvenvpndnbém gergrdllyde qhip statking ethdptanidcwhfer
bondfsi%;%%: 1%at%ﬂﬁlﬁdfé§ t%gnaﬂﬁé?%uf Eﬁﬁ} $eb Rl aGh H% hf Wafer

ages cou y an reqU|re
bonds,reosé mecnﬁcaﬂm itrelatgsttosnah dn ethodradd| mateeidlamgere the

mare§Fovide AEGRTESHRR SufEoriad repid s eI or no

residiess khge thakiih @ Such aceotialsremdgkabiyve i ncl uded the
devel opnent of alternated packaging such a ball grid
arrays, flip chips a NDHowever, further

dth bi |
[0003] | ﬁ‘gFCt Lﬁf‘fahgﬁgﬁﬁﬁﬁ@%{%&%ﬁ%ﬁé’.S&&Ffﬁ%\éﬂﬁeaﬁwtar die (or
chlpsalvxéie RRbEnRAPVRBEDN 8 Sealed plicRapeakdGubH pAlckaf® Wisithen mounted
One such alterpnate a proach is to elimnate such

to, fogiexgmpie. pairutibagrd wie SECP GSERBRE, Variers Hsbianaligy er
mcreagecma a!cﬁly%ulfi % m@fcﬁslngl/nqavélc&é\lﬁle Qhtkat @%omputer, a
stacks of : mounting in multiples, or
cell phoaeldrrife lm | Whlch such packages for example a dual inline package
(DIP) or a single inline package (SIP) served to provide protection for the
enclosed die from physical damage, contaminants in the surrounding environment
and for providing electrical connection of the die to other electrical circuiiry, such
packages could also be bulky and require that the size of the circuit board or

module be large enough to accommodate a plurality of such packages.

. [0004] To reduce the size required by such singly packaged chips, recent trends
have included the developmenf of alternated packaging such a ball grid arrays,
flip chips and the like. However, further reductions in size and the ability to
provide increased and/or more complex functionality require alternate approaches
to die packaging and mounting. One such alternate approach is to eliminate such
singular packaging, where possible, and to mount die in multiples, for example as

vertically oriented stacks of die. Such mounting in multiples, or stacking, while
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-1 WD 2007/109326 PCT/ US2007/ 007029 capabl e of
provi ding a much reduced footprint conpared the use of
waoghess2packaged die, introduces a need to preeT/ds20a7/007029

nmet hod, and materials that can be enployed by that

nmet hod, for attaching each die in such a stack, to the

adj acent die while also providing access to neans for

providing electrical contact to each die's circuitry.

In addition, such materials used by such net hods

shoul dal so provide a stress buffer function, where

they are used to attach such a chip or chip stack to

a substrate having a different coefficient of |inear

expapsi on, and thuys avoi d damage. to one or nore of
CaPaPF?eOEHT%’é #e @ much prducsd dogtmsintsomprred dhe 98¢ of singlge

pack@B¥d 9] qﬁﬂioduEQQQ eed4s '};rSOicfé 5 hf¥eto ATOANY dofAGerEA8 tﬁas@an be

create a need rovide die that are thinned wt

empmggém thag m«ﬁboér fﬁéﬁChﬂm ekeledie bf sudhea wdgeks té thmadj acent
o U TSP T BB B S v o
die’ sheirgitryt oInaaddlmonu ﬁu«viatht;riahdJsaHstw sdtemiethgsseidule also
rOVi r chi t hat i de for
providk RRBy Butrel SR iosfefort By bR ls &P Bid Pl 'cngp or onio
stack to alsabm-iaerhamng aahffeTbnetr@fafﬁelddn @fdireqr abcpanﬁon;eeﬂd thus
d-.materjal s, that an

e BB 5 s FERRS R 58 Gl 80 gt

the esawb@inhedr®, such as a sem conductor wafer, to another
substrate that is used in a wafer thinning process.
[0005] SuSuchehier statk shawiting caw albe aeaterongedomgravide die that are
thinrperdo\gvftg.txjegﬂ?étq{) thQ %rfﬁqﬁgle glig]#{efsg th vslfal. ?11 Sn? whlc such die are
providin or a readily inplemne release
provoded h’Ehmahmmngrpiobemmai acbfarﬁa@bdsd);n dbngedab cheleﬁlthe chip

rom after t eth n erati o
stack (8taBt € A i e R DRAM TN 1t osnoge Lo BERTAG thioush-
chipnéiethaedah (pramdt ﬂo@&ﬂﬁhntgfﬂedtncaii e6nfdb ifigih @theldarface of the
publ i shed Japuary

. . Patent. Appl atl 07843
die to @8 Othgnos %FFH et aameﬁgtoafp&cp Pisthod, and
mateMalld t}iﬂﬁlcﬁnlﬂ%déﬁa? 5 ehat méﬂh%duﬁ?athan%g"'ﬁ%d/ﬁ) bond a
materials for tachln sem conduct or aég ips) to

substglss spglh @g 2 Seam@OfléuP@advafParﬁesawhWﬁuttsm thatdiused in a
wafemﬁm ?oééé?l %chh%atéﬁ’a‘?%fmwﬁi f‘ﬁﬁn &gﬁ béi@And

em1years For exa I nes
protemwzwofogfth@bsndpétsenﬁacmbwhlks 096 pmdn@ﬁuda Fesdstihaingplemented

ok S R LR A5 g oo,
afterAlhékinnéng ayeration is complete.

[0006] It should be noted that while chip stacking is referred to as a recent trend,
see published US Patent Application 2005/0078436, published January 6, 2005
and entitled “Method For Stacking Chips Within A Multichip Module Package,”
the use of adhesive materials for attaching semiconductor die (chips) to substrates,
die to lead frames or for chip stacking has been a subject of investigation for more
than just a few years. For example, at column 3, lines 18-20 of U.S. Patent No.
5,286,679 issued February 15, 1994 and entitled “Method For Attaching A
Semiconductor Die To A Leadframe Using A Patterned Adhesive Layer.”

However, despite tﬁis long know need, materials and methods that use such



However, despite this |ong know need, materials and
nmet hods that use such -2 WO 2007/ 109326

wEON B30 7/ 007029 materials have not been w Bet/ys2007/007029
adopted and therefore alternate materials and nethods
for both chip stacking and wafer thinning are needed.
BRI EF DESCRI PTI ON OF THE DRAW NG [ 0007] Enbodi nments of
the invention are described belowwith reference to
the follow ng acconpanying drawing. [0008] Fig. 1 is
a sinplified representation of a portion of an

. exenplary chip stacking enbodi nent in accordance with
some enbodinents of the present invention depicting a

at terned ay lifie
mateil B o Sest BhaaP hiloirtshand tusrsfire 2t istufs mAPrials gaa
methatiaced ngtheclﬁpcbtmnhglahdamfwdnnﬁﬁng\naw n8&d&l.
enbodi nents of fhe present |nvent|on deplctlng t wo
stacked di BR4 R4 : DR Flgs 3
re S|an|f|ed representatlons Qf port|

[0007] yfmhﬂ&mws Qb thfinyentionare é?sgeweégbeéﬁ’domtherﬁfeqeﬁce to the
folloRes® héehapaiiind &AWEngNbodi ments of the present
i nvention depicting steps in the fabrication of two
[0008] stkigkéds dl sampélﬁa&mpresfelmtammhbﬁ a(j:oetlonejﬂzm exemaplary chip
el ectri to a.second die IS
stackbrb.gn 81&5)0 186 gciqrgfuéce de eﬁmgle&bocg f \éﬁeepresent
1nverﬂ:idmﬂelﬁ1lcaﬂgr£pm®§rﬁaﬁﬁQidly’m%r Oayarortions of yet anot her
exenpl ary chip stacking enbodi nent in accordance with
[0009] sdiie. 2nbedimphifisdofepredeataien efie pomientdfomotiegr etdmplary chip
t
stackB L EEIDAHERE i Aol dtfah O MIARIAD Blnddh BELSL B Bickine
inverﬁidrpdthcpngltwd ttatkc:d/drel wys bomtled ® zebelmsttrateal ly
led to a substrate; and [0012] Fig. 7 is a
[0010] ¢ |ﬁ+§1* i PRA 4 wsruaPhitind mpreteniations poporionst¢f yet another
exem%‘i‘sﬁ‘yhﬁf SeAGHE T odith A¢ $0 hHEN N YE WS 95‘@16 embod1ments of
nbod |nents of "the present invention, depicting a
the pmnb mvgation depieiingd Ispep@dnctéd fabrigatiom of tewpestarkddhdivl @ first
t
flip o e oPerl e e SRRl PR Th 5 i Bpidhs Dftp bonded
HDaSMbHUeKs val ues and/or expressions referring to

quantities of ingredients, reaction _conditions, etc.
[0011] | Figs.hapd$ agsimplifiad wpreseataionsnef pp@ions ofeyet another

exempMIS Hif b ASng embodiment in accordance with some embodiments of

the present invention depicting process steps in the fabrication of two stacked die,
a first flip chip die overlaying coupled to a second flip chip die that overlays and

is electrically coupled to a substrate; and

[0012] Fig. 7 is a simplified representation of a portion of still another
embodiment in accordance with some embodiments of the present invention,

depicting a device wafer removably bonded to a substrate or handle wafer.

DETAILED DESCRIPTION

[0013]  Other than in the operating examples, or where otherwise indicated, all
numbers, values and/or expressions referring to quantities of ingredients, reaction
conditions, etc., used in the specification and claims are to be understood as

modified in all instances by the term “about.”



nodified in all instances by the term"about." -3 WO
2007/ 109326 PCT/ US2007/ 007029 [0014] Various
worenenosas ranges are disclosed in this patentPCT/US2007/007029
appl i cation. Because these ranges are continuous,
unl ess specifically noted otherw se, they include the
m ni mum and nmaxi mum val ues of each range and every
val ue t herebetween. Furthernore, unless expressly
i ndi cated ot herw se, the various nunerical ranges
specified in this specification and in the clains are
approximations that are reflective of the various
uncertainties of measurenent encountered in obtaining

sych.val ues. [0015] Enbodinents,. in. accordance w.th
(0014] ; NEatigh B er g brFIEs, Anp AR G chidt WGRIBHShh APP e qipe Because
theseri@hga@ea& CERDIRARS uflesd spkliflcaflythdte@bIREWIRE) thelliicRide the
backbone having two or nore distinct types of repeat

minigppy gndigraxea Maies irAchaese e curndrBrsthesehetween.
FurthZPRGHE h1B& BhretdsnRaHaNd ¥urfvesd, 4le VaRBLERRABR A ranges
represented by strUctural Formula I' below R R2 X X
specifgd imthis fpeci @n andjin ghe dladmisrase apppexigfations thaparet
- y . . .
refle B PR A a2 b Lo necfiied fp sbuaipine
such vhbiesepeat units enconpasses at | east one aral kyl
pendant. group, and X, in, R, R2 , R3, and R4 are, as
[0015] gdimhedinp@tawn asrordersronith thaprasenti PEcRiieh RoVidpmethods
that R®I1§S A8 B p 28 MRS\ ily? BAdl196n pBIyFTh &Gwhthl fBackbone
_having Tow internal stress, "that are_capable of bein
havingyos e mereptisdneiivipgs of rppeattunissderiy edgress nerbagpers-type
'mom%:xg%tgbi e o&eofn g?lpngﬁg%?é ?‘S@T@nggggg%gcﬁn e%%?%ﬁﬁsc
repregentegd thyestenttnoali Bordeniaddselow: bet ween such devi ces and
substrates and where such conposiftions are
phot odef i nabl e, conperfci al _[dé&vel gpers, such as
cycl opent anone and ¢ % prtone (2- heptanone)
¢ (

("MAK") can be rhot odefi ni ng process.
where a first distinct type of the repeat units encompasses at least one glycidyl

m R

ether functional pendant group and a second distinct type of the repeat units
encompasses at least one aralkyl pendant group, and X, m, R, R?, R3, andR* are
as defined below. The methods that utilize such polymers encompass polymer
compositions for forming films having low internal stress, that are éapable of
being exposed to processing temperatures in excess of 300°C, that can be
photodefined to form pafterns, are capable of forming reliable bonds between
electronic or optoelectronic devices or between such devices and substrates and
where such compositions are photodefinable, commercial developers, such as
cyclopentanone and methyl n-amyl ketone (2-heptanone) ("MAK?”) can be

employed in a photodefining process.

[0016] As used above, and throughout the specification, the following terms,

unless otherwise indicated, shall be understood to have the following meanings:



[0016] As used above, and throughout the
specification,. the following ternms, unless otherw se
wo na@vvaedseel, shall be understood to have the foPCDWs2097/007029
meani ngs: -4 WD 2007/ 109326 PCT/ US2007/007029 [0017]
When referring to "vinyl addition polyners” in
accordance wwth Formula I, it will be understood that
such pol ymers enconpass a backbone having two or nore
distinct or different repeat units. For exanple a
pol ymer having two or nore distinct types of repeat
units can have two, three, four or nore distinct types
of repeat units. [0018] By the term"derived" is
nmeant that the polyneric repeating units are
[0017] poWpenreferaingter’ mc.layl ad@momqlwtqrs imasgBaaReR WifipEormula I,
it willH¥ e?stooﬂ et S ?Sfyfm ﬂ%%% Hack¥B8E Halidd'Bvo or
resulting polyners a or enchai nnent o
morendistiochendiffgngnt mﬁungsafcgmmnpjelaqwlymr Imving t@o or more
. . " t
distife VBet Of yeeer Satedebiiile B0 MR, e SEthe dlsd i 5Bs of
xepeahnMEg as well as residues. fron1|n|t|ators cat al yst s,

and other elenents attendant to the syntheS|s of such
- [0018] By e terhederiverthisaspefifbgt theopolymRnis rersating wts are
1yReFRdd (PR &t heltPpe SGibhER], H8Scord
polyBEkPRUTRYM G frdm DOGEDCNE EEfLEHE  Ppg AmibbER, B AScprdance
with lormul#é, pbeyainithe uczhlltlhgtpqlmrs emfortrmdrlanﬁmewhamment of
al yaer whe rred between vessels or
norbgﬂ}%\?%gth% ventgréo%S dﬁs‘gé}s%?%‘ﬁ nmedi a. [0020] The term
" pol yner conp05|t|on is meant to include the ,
aforenentloned polyner as well as mater| added
after .synt 2 oolyner. Such g S

|nclude,14ﬁiih<e+n,
' ‘1!!57 S and
--eMs efuIIy

ot her mat ert ahs hbe di scus
bel ow. [0021] The term "sol vent" sed to describe

a conponent of the polynmer conposiTior,, described
above, is neant to i nclude both reactivé sol vents and
un-

vltlator(s

[0019] The term “polymer” is meant to include a vinyl addition polymerized
polymer as defined above, as well as residues from initiators, catalysts, and other
elements attendant to the synthesis of such polymer, where such residues are
understood as not being covalently incorporated thereto. Such residues and other
elements are typically mixed or co-mingled with the polymer such that they tend
to remain with the polymer wheh it is transferred betwgén vessels or between

solvent or dispersion media.

[0020] The term “polymer composition” is meant to include the aforementioned
polymer, as well as materials added after synthesis of the polymer. Such
materials include, but are not limited to solvent(s), antioxidant(s),
photoinitiator(s), sensitizers and other materials as will be discussed more fully

below.

[0021] The term “solvent” when used to describe a component of the polymer
composition, described above, is meant to include both reactive solvents and un-

reactive solvents (diluents).



reactive solvents (diluents). -5 WO 2007/ 109326
PCT/ US2007/ 007029 [0022] The term"low K" refers in
w@eoened32¢ 0 a dielectric constant |ess than thedT/0©52007/007029
thermally fornmed silicon dioxide (3.9) and when used
inreference to a "lowK material” it will be
understood to nean a nmaterial having a dielectric
constant of less than 3.9. [0023] The term "nodul us"
is understood to nmean the ratio of stress to strain
and unless otherw se indicated, refers to the Young's
Modul us or Tensile Mddulus neasured in the |inear
el astic region of the stress-strain curve. Mdul us

[ 1y, [ i.th ASTM
00221 S S BTl oo i eamstntich G har o
thermH] e ForinoedsiliR oal EexRVES . O Phd Wi #edSinREsrent 892 41“low-K
The term "photodefi nabl e" refers to the characteristic

mategpl it il bbe anderstoed i Brap; maseri haing adielagtmic gengtant of
less tBhW®r conposition in accordance with enbodi ments of
the present invention, to be fornmed into, in and of

[0023] i lt'ﬁﬁi fer‘rrﬁ“rlnbatllt&l”rigdlnﬂéys&bo@ to ]c;mé‘d-ri*; tllllﬁtﬂld’fie-oﬂ sﬂredss to strain and
alternate. uage, .a "phot odefinabl e | ayer” Qes nat
unless GRPRESE bt retin hare Haves aMednler of diepgtle Modulus
measu@l BOMRS liné4f el@X @ PéHoA ofRNekBe8sisirhid aYi®/e. MOAIAE Ralues are
t he af orenmenti oned_patterned Iaer or structure. |

t
genexglly meggnned ipaccordansesvib A3 RM methed Pi08-8pp ddlns baving a

low H3YHRE 38 d3rfbhal 36 LEd RIVEIRG inRERIIAYRAsi N a pattern
- formng schene to forma patterned filmlayer or

[0024] stThecteumephdtbdefihbbled raferedo thathastacteristRCheamaterial or
I ncor por.at es . i ewi se_exposure” _of the .
compgRfIh BF PIRIET Blonat el P RV} GPIRSSUICR i gergrdgnce with
emboRPRAY 6f IR PstakRVehfloAPRbe FOrRE&P DStd! h hRd JEtitsRIC a
radj ati on of sel ected portions of the | wher e

ayer,
pattersid. layer gE peiryssvis oisaligraats hneuese 4 Fohetedefnable layer”
does B¥PASHife iR @6d b hkothBF hititeQRt 14y8P 20m A ehdPBE RS fofexample a

material that photonically forms a catalyst” refers to ]
photogesighlayierato farm thepfonemgptionead petternad hiver padiractusa: It will
fulthkl uRREA itil isti
ve L RERo A7 BSOE Sl RORR SO tfpcrsi v
empleyedin a pattern fipim ity suhematofsin aiatgrnahtimdayenot bizucture.
Pl e t "actini.c radiation: is neant,,
1e wilkBolEbg g En S S B NadibbRisks REBheSioe SRy of the
photadefinablomatenisl anlyechSogh imagewlise akposure st tdken. to mean
ultra I Sible

an el BT g PR e B B B Sy Be L B.
select®d portions are protected from such exposure to actinic radiation.

" [0025] The phrase “a material that photonically forms a catalyst” refers to a
material that, when exposed to “actinic radiation” will break down, decompose, or
in some other way alter its molecular composition to form a compound capable of
initiating a crosslinking reaction in the polymer, where the 'term “actinic
radiation” is meant to include any type of radiation capable of causing the
aforementioned change in molecular composition. For example, any wavelength
of ultraviolet or visible radiation regardless of the source of such radiation or
radiation from an appropriate X-ray or electron beam source. Non-limiting
examples of suitable materials that “photonically form catalyst” include photoacid

generators and photobase generators such as are discussed in detail below. It

-6~



radi ati on froman appropriate X-ray or electron beam
source. Non-limting exanples of suitable materials
wo b@w/10gpket oni cal |y form catal yst” include phoPOBRTEZNN7/007029

generators and phot obase generators such as are
di scussed in detail below. It -6 WO 2007/109326
PCT/ US2007/ 007029 should al so be noted that generally
"a material that photonically fornms a catalyst” wll
also forma catalyst if heated to an appropriate
tenperature. [0026] The term "cure" (or "curing") as
used in connection with a conposition, e.g., "a cured
conmposition,” shall nmean that at |east a portion of
the crosslinkable conponents which are enconpassed by

shouldelsoopgpneied that gererallyl ‘Gamtatqrialithat photopiedbt forkmeda catalyst”

. i f. th L] ' th
wil o R, SURATIIEheaRh (kh BEGSEMa RiBballle 00
[0026] | - The tdride “S@@q®r CLufi@sy hé Dkédth chbSn&SRAMVIR 4 ¥omPp@ihon,

of conplete crosslinking. In other enbodinents, the
e.g.,CRg3geq fRIPOsEI9R," shallgasan thahagdeast @ notionst thepspesiinkable

comFbRSHRL WHiRYre CHEoRLLL & ¥ Bhd ?&g?ﬁgitwﬂnﬁen%qgﬂt%ﬂglly

nat t he presence a ree o 0SSl | .
crosglinkssks | imgore epihgdimeats bEthaiptesent imygnbipnatheaeiossinkdensity

. _ ! : vere
of suEB\ IR niHC BebRURAR, 5. e Yet8] oF SFIRLIANG Y Bpdentiatty
100%| cfsnplates ctaselinkingnpbr ather entndiiorenss Ithe kroshiakt density

f fi f t |y . T physi cal )
rangf Fom 80 14 0§92 bF BmmitsRtai Tipdng o ek gt ipdfe art wil
undaﬁtfandlttl_dﬁlﬁthgfpxbb?memrmsSéfgﬁkﬁﬁf dtﬁks!lﬁ{lﬁpgﬁbgﬁglink densicty) can be

Cros I N ensi val ues I ngdicate a ni er egree o .
detefih R I VAT OF Mt PP dnam e DOSh ofIchegna] analysis
(DML' diselissdAElbRY” ThASmEERIH d&tefANAGheYadd trhndifien

nmet hods _and pol ymer conpositions descri bed herein

tempgrgiure gRd resriinkodensilyr deties dilmeetf ceatings arpelymese These
phys\?\%l lﬁ)rgf;é&t‘%iﬁgrlﬁ’ £ PN MBS Ure tOBLRY RSRIY stg%ﬁgg bPthe?s

bond forned between a waf er

crosslipdend netwoak. iHhighie cvesstinktdansityrkpluesinsldcatern kigher dpgree of
mbs%ﬁgﬁﬁgqnkﬂgggagﬁggrgﬂhyher, it wll- be understood

uch bon I's generally acconplished during a

[0027] CUTh&gerid OB6RE” SCTbARIIARSLAS hesl irpbefoctionOREh thBenethods

statenments below, wherein, for exanple, R23 and R24
and pelymesi @mpesitions daegdbribhereyn shald shean thedhend fpraas between

chip$ Hp%'kﬁ&@lﬁ%sstaaﬁﬁﬁserﬁ@@&in@ﬁs %@Qihgﬁfles%h? invention as well as the
I ndependently sel ected, but also that where an R23

bond farmss ketyiesnras waircanda subsizate as in the wafer thinning
embodiments of the present invention. Further, it will be understood that such

bonding is generally accomplished during a curing process such as described

above.

[0028] The statements below, wherein, for example, R** and R** are said to be
independently selected from a group of substituents, means that R** and R** are
independently selected, but also that where an R*? variable occurs more than once
in a molecule, those occurrences are independently selected (e.g., if R! and R? are
.each epoxy containing groups of structural formula II, R** can be H in R!, and R*
can be methyl in R?). Those skilled in the art will recognize that the size and
nature of the substituent(s) can affect the number and nature of other substituents

that can be present.



in a nolecule, those occurrences are independently
selected (e.g., if R and R2 are ,each epoxy
w@oeowanseag groups of structural forrmula 11, RPGr/UsNDen7029
Hin R, and R23 can be nmethyl in R2). Those skilled
inthe art will recognize that the size and nature of
the substituent(s) can. affect the nunber and nature
of other substituents that can be present. -7 WO
2007/ 109326 PCT/ US2007/ 007029 [0029] It should be
noted that any atomw th unsatisfied val ences in the
text, schenes, exanples and tables herein is assuned
to have the appropriate nunber of hydrogen atom(s) to

o A o b o o o ot
schef-rﬁise by a:d Elé‘saé@fhb?&dheﬁé% &80 h&Ve H¥a @#ob%ﬁge hlimber of

the art knows hydrocar I's 1 nclusive of
hydfpéﬁn@\F@fnés)\/meﬁﬂélsf)hewelei'amc@ns apply regardl ess of
a te&y,,s used by itself or in conbination

100301 1By BBoc Fhilnss miimuabhe HiaBintSeeRtia 9 4regon of 1 composed
solelJheff &irbbf ,anfdl’lﬁycﬁ‘G@bﬂ atdA8. Qis ofi¢ KiilleddRBRhk &St kRows,

W&Q as the "al kyl" portions of "aral kyl"
hydrogantiyl js mcllé%lc‘fe qfsbs f])llvweng StliAre dh dptinifbensapmly regardless of

whethlel RR8trhGs ¥ed ‘B%Es@f‘og rPH %@%tl(ﬁ?anﬁleoéﬂfp ®&fms, Unless

branched acycli C or |c an ri ses
othepwisgipgdingt oﬂfhete’ifoma éhe lWefinitiom of 6‘chyé’r‘rbpphne e “alkyl” as well

as thes%fl 1”%&Mgngg@u eg&)pp% 1%612 carbon atons in

al n. Branc at one or nore | ower

[0031] aI ”khé GO VA yPUSEaas aﬁ&llfpﬂatlcq{ c&rbonp%&ﬁ%l t?lgﬁ&&% be linear

att ed to a linear al kyl chain. The al
or "l'é‘Bfﬁ:il%qP ACSHie O cyokix Bafl pBIsiearisics 2 eethan rioghs 01 the chain. In
one @l8odimeri0 ﬁséﬂu‘l‘”‘alltﬁ%r%ﬁﬁ%bﬁﬂarge B tl?@a?box?'aﬁ%llf in the chain.

wn. droups i ncl ude neth n-propyl, 1sopropy
Brapc ymeaps Beatygne w_@@ﬁe )kpwer At igrotepsyth an nra}hyl ethyl or
prop?ﬁ%‘e atta¥EEPHE Y Nineap g.ll§yl KRS O r%i{(?lyé Cq\lpog Szl:%ntal one or

means an aromati c nono I C or FCr
oreshefergatomsasidated fraan tQ), Nargla$ hoNoat limsting mghﬁipa@é yf Suitable

BN 0 ol S SO g, o,
hexyyrimpyl, myheﬂe&:&hﬁydldhedylvuﬂdﬂcﬁﬂepmpyﬂﬁieehyl[l ng

system substituents" which may be the sane or
[0032] qi'Mrelemeang @ arapatifemiopacyelas by multisyclic wing system

comBRnk 51 LUSE ST 5, Lo ol Dol e 54851 v
can copiinydne or more heteroatoms selected from O, N and Sl The aryl group -
can be substltu‘ged with one or more "ring system substltuents" which may be the
same or different, and include hydrocarbyl substituents. Non-limiting examples
of suitable aryl groups include phenyl, naphthyl, indenyl, tetrahydronaphthyl and .
indanyl.

[0033]  "Aralkyl" or “arylalkyl” means an aryl-alkyl-group in which both aryl and
alkyl are as previously described. In some embodiments, useful aralkyls comprise
a lower alkyl group. Non-limiting examples of such suitable aralkyl groups
include benzyl, phenethyl and naphthlenylmethyl where the aralkyl is linked to
the norbornene through the alkylene group. In some embodiments, the aralkyl

group can contain one or more heteroatoms selected from O, N and Si.



[0033] "Aralkyl™ or "arylal kyl" nmeans an
aryl -al kyl -group in which both aryl and alkyl are as
w@e@vilessé y descri bed. In sonme enbodi nents, useETUS2007/007029

aral kyl s conprise a lower alkyl group. Non-limting
exanpl es of such suitable aral kyl groups include
benzyl , phenet hyl and napht hl enyl net hyl where the
aral kyl is linked to the norbornene through the
al kyl ene group. In sone enbodi nents, the aral kyl
group can contain one or nore heteroatons selected
fromO, Nand Si. -8 WO 2007/ 109326 PCT/ US2007/ 007029
[0034] "Cyclic alkyl"™ or cycloal kyl neans a
non-aromatic nmono- or nulticyclic ring system

[0034] geneyalit plisrt empastoallyyBmeand 8 noar-ammatiomona-rprapulticyclic

. ' h

s SR BB ol LS, e el iy emppimens
5 toll® swben iatcuhecinvi@ intotheeembodimentsrs tg7 s:xasbmtoms The

e BB e e e P o 5 an v,
mayl benitel s € spdiifeenef artdlidciideh farRaysyli or arytkeBdtkubats. Non-

i S S RN USSR L5 BRSAY bicloprosr,

cyclebityabbec18pbitytysdl6heal 2l th! 1cd. "Rloddemlrid ‘éﬁhﬁm‘iﬁ!’és of

Qrbornyl, .adamantyl and the |I|ike. The cycloa
suit lsaﬁlléI&MCEeﬁwsl%l igeludsrledpetlinganerhoray]. eaeia@epntyl and the

likef TRE eloahkfﬁ'?g}o&) c@tnr@)trﬁilﬁ% ¥ m)m'e m&rbhﬂ}rﬁé Sected from O,

. exarrE“ es O sui tabl e rmnocyc i C het er ocyc rngs
N and,8j (ihetgrogxelydy)- , Noprlimiting eypmplesef suitable monocychc

I a
hetefm.r olj)%lggga Hi/clt?@é BEB:HSPA(}Q R%Bht(ﬁeﬂléé@cﬁ Ll@ﬁ‘ mPrpholmyl
thlomet]pluﬂyrdsrloﬂhaa@lhémwll 1,Bedivablaryds hidegioxanyl, teaaliydlﬂmeﬁuranyl,

35 " gl.yci dyl hyl, eth
tetmlhgﬁgotPn" h “]yl StP 0313{7(” g’i// ang'%hgﬂ (neor g{)r nene"
[0035] ar %H%%ésntgysia@mmhwe@ﬁf SofbS&MEnte LAl “hfeth Fgﬁ%‘i‘@yl ether

mononer or derived repeat unit. The terns "ocly
norbggRsae’ r@pbtsﬁﬁenterchmgeabbokyrm {epd refryrodhssaste mogomer or

deriV&Prbged hgﬁ&e A ,fbf %ﬁ[‘ «

enrmnonlrjer{gl{r:l{:t eriv é%r epegfté})unl tm[; 6’8@ @Ags&? g@%’ sft)yl

norbepnenedrard, usediintiiroeageably hesin dadoefan tbrthbrsarrmms»enmer or

denv&ygﬁ}h qfire directed to methods that utilize polyner
'ons enconpassing a vinyl addition polyner.

[0036] SuAIa el vmly fr}é'httf%%%deQﬁ%@ﬁﬁﬁéhﬁgnaa&éfcﬂ}%ewﬁﬁ\{hé‘gresent
two or nore dI st nct tsnfges of rep eat units derived

inveptighare Abseirshie: mpthodsbabittise p@éﬁcrnenﬁﬂmmsglm engompassing
a vidy14R8A6E BblpnSe! 8GERPolyAR ARBRIELR oipassing a backbone having

two or more distinct types of repeat units derived from norbornene-type

monomers, such monomers being independently selected from monomers in

accordance with Formula I:

_ - R1

\Z_RZ
,/<::-R3

B Jm R*

(T



accordance with Formula l: RL R2 R3 OZ MR4 (1)
-9 WD 2007/ 109326 PCT/ US2007/007029 [0037] where X is

w@aedoegaosds from - CH2-, -CH2-CH2- and -0-; m i s BECI/US2007/007029
integer fromO to 5, in sonme cases 0 to 3, and in
other cases 0 to 2 and each occurrence of R, R2, R3,

and R4 is independently selected fromone of the
followi ng groups: [0038] H Cl to C25 I|inear,
branched, and cyclic alkyl, aryl, aral kyl, alkaryl,
al kenyl , and al kynyl; or [0039] Cl to C25 I|i near,
branched, and cyclic al kyl, aryl, aralkyl, alkaryl,
al kenyl, and al kynyl contai ning one or nore hetero

at ons sel ected fromO, N, and * Si; or [0040] a
[0037] | peheag X it srleotad feam) -GHae c6Hd«AHe- and HORomnisian integer from 0

té So'ngggﬁﬁzélases Q)lﬂo 3 chfh]-? 3‘@1%{' Ca é Gt ddﬂ?# Qﬂlﬂpence of R!,

sﬁe cte fromCl I near, ranc
R I&l’ end Ririg IRQ@WDHZMSQk@eédeImwe@%tMmﬂloyvmg groups:

10033, Wiaf o LG Tingar grratheduancrey i el aryhidsaliot, aticaryl,

t ogieh®l, dd @Akyhynikirng group selected fromCl to C25
| i near, branched, and cyclic al kyl ene and al kyl ene

[0039]y| CamJIC@:OBn@r, \irdiicHelde apdwylcho dikpll, aoyle aedlki’healRiryl,
l e | oners n accor danc
w Ekepb b Al BT ofaBEEng o PomerS bty Ajarage lstsshfom O,
peNdantl &;; otlp and another of the at |east two distinct
pes of nononmers enconpasses at | east one aral kyl
[004;9§nda'mglygid)d;ﬁth@omatqty®rmcarqlgncemnhtﬁmnmla o e
distinct types of repeat units of enbodinents in
accordance with the presem'2 %vent are derived from
nonomers in accor dance O ?’R (Bt i ncl ude a

[Ooﬁhyc'vgﬂére.ex& I?? alpn%gglgro bR B 3 & aI k(\% 1 neeglg ranched and

cyclic alkylene and R?* and R** are each independently selected from H,
methyl, and ethyl; or

[0042] any combination of two of R}, RZ, R?, and R* linked together by a
linking group selected from C; to C;s linear, branched, and cyclic alkylene

and alkylene aryl; and

[0043] with the proviso that one of the at least two distinct’types of monomers
in accordance with Formula I encompasses at least one glycidyl ether
pendant group and another of the at least two distinct types of monomers

encompasses at least one aralkyl pendant group.

[0044]  Generally, the two or more distinct types of repeat units of embodiments in
accordance with the present invention are derived from monomers in accordance
with Formula I that include a glycidyl ether pendent group and an aralkyl pendent
group. Some embodiments include repeat units derived from monomers having
such aforementioned pendent groups in optional combination with one or more
types of repeat units derived from hydrocarbyl substituted norbornene-type

monomers.
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group. Sone enbodi nents include repeat units derived
from nononers having such aforenenti oned pendent
w@e@aneo3eé opti onal conbination with one or NOPET/US300BE07029

of repeat units derived from hydrocarbyl substituted

nor bor nene-type nononers. -10- WO 2007/ 109326

PCT/ US2007/ 007029 [0045] Suitable nononers having a

gl yci dyl ether pendent group are norbornene type

nmononers represented by Fornula | wherein one or nore

of R, R, R3, and R4 is independently a pendent

group represented by Formula I1: A O CR23R24/ ~ |

[ 0046] where Ais a linking group selected fromCl to

C6 |inear, branched, and cyclic al kylene and R23 and
[0045] RoSuitablesnohoimeds bemm klydidykethed pendenttgroupstrayorbornene-

a s of suitable |jiBkigg o3
tvpedignBhe ror it bl oRrEE TRuflist o8¢ gy bR 2 R ana
R* is soigpepyémiy a penidghegmup sophedented byFurmdladyd ene.

Non-1imting exanples of useful gI yci dyl al kyl et her
pendent groups include gl yC| d yl et her,
gI yci dyl ethyl sther—@- ym Qﬂ)er gI yci dyl
ropyl. ethe gl yci dyl butyl et her,
[0046] ; Syhere A ’étanBPngggsPéﬁPogﬂ legtgd fromitefo Ga anwmattmaeghed and

cylaﬁ& %gtylehe%E]R%Lar{daw%m@wmhaeﬁaydaﬂlya&léé@hlﬁ/&m H,

en en roug are nor bor nene- type nononer s
mhelhY Lot yhy Newr miting axerrlen 06 ﬁ@lt@bledmlgngfgrﬂup.s Ainclude

C (~] (o) l (> Il"
i S e R B 5 o

heyylesst Naprioniting prernplesaef wsfi ghflmdnylohrlbxzhcwr pendent

SPSBHED SR 86, BRGTOARENSI 00 RTINS, sy roms

eRiger, gﬁrméylkjlsﬁpro}syle}nhér Iglhjdaplyhﬂat}ﬂleyhele lebntidgli fsobatyl ether,

to C20)al kyl ,
g%gidgcarﬂ/]] etgﬁa Er anﬁgerﬁﬁ’g bst i ?ut ed) ?Csyt 0
[0047] Cl@h&¥6lqabk¥ers HXQB G Mlkﬁ“{%ﬁ% regmgg?guyﬁggeuggrbﬂmene type

unsubstituted 53;:,6 to d)ary
monemgrs renrBaented hydt groyula @m@)eana:lnmr mpG3of B, R R and R* is

an alﬁ%p%la% Jérrcl:hl ds %fy?ﬁ%e%ﬁg%h %:1 ﬁ%ﬂ&;&lg m%)c I1 ethyl
[0048] t 0&@1’&5&% rh@nmfn@fﬁhéiv&ig arl @p@l%lﬂ{)l‘d&bbﬁﬁw |peﬂﬂ@ﬁ'tpgro%% are

and R4 when taken with the two ring carbon atons .
norbgrieNe-HIRSyMapemers FRernigd byehermaeia: ] wheipinoag Q;rmore of R,
R?, Rm%ﬁHLR‘aiseQach%Glean&rRHp%IE%Hafr&'nnlgy&okgn 1anEQY Qﬁpbranched

tons or an ary rng contalnlng
(Cy to Cao)alkyl, hydrocarbyl substituted and unsubstltuted (Cs to Cyz)cycloalkyl,

‘hydrocarby] substituted and unsubstituted (Cs to Cyp)aryl, hydrocarbyl substituted
and unsubstituted (C; to Cjs)aralkyl, (Cs to Cyp)alkynyl, linear and branched (C;
to Cao)alkenyl or vinyl; any of R' and R? or R* and R* can be taken together to
form a (C; to Cjo)alkylidenyl group, R? and R* when taken with the two ring
carbon atoms to which they are attached can represent saturated or unsaturated
cyclic groups containing 4 to 12 carbon atoms or an aryl ring containing 6 to 17

carbon atoms; and mis 0, 1, 2, 3, 4 or 5.

[0049] For some suitable monomers, m is zero. Therefore, such monomers are

represented by Formula (IIT) below:
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carbon atons; and mis 0, 1, 2, 3, 4 or 5. [0049] For
some suitable nmonomers, mis zero. Therefore, such
WwWoRoares3se are represented by Fornula (111) beP@mS2007/007029

WD 2007/ 109326 PCT/ US2007/007029 R1 R2 IX R3 R4

(1), [00501 where X, R, R2, R3, and R4 are as

di scussed above. [00511 In sone enbodi nents of the

present invention, a polynmer is enployed that has a

first type of distinct repeat unit derived froma

nor bor nene-type nononmer where Xis -CH2-, mis zero,

three of the groups R, R2, R2 and R4 are each H and

the fourth is a glycidyl ether containing group in

accordance with Formula Il in which Ais alkylene and

R23 and R24 are each H. Exean%}y nDnoners i ncl ude,

but are not limted yI al kyl ether

nor bor nene-type non Rs gl yci dyl net hyl

et her norbornene, gl ethyl et her norbornene,

gl yci dyl propyl et &EFQR%, gl yci dyl i sopropyl

et her norbornene, glycrdy 4 ether nor bor nene,

gl yci dyl isobutyl ether nor bor nen€ ! and/ or gl yci dyl
[0050] hewhbreeXh®', RAPRPOANERE aré Q9 FddeulsBed QBBvEMDOMI nENt s,

the pol yner enpl oyed has a second type of distinct :
[0051] eb’emmq gitbaimenttiof thenpreseant invention] ¥ polymen ﬁﬁeemployed that

nas 48 5 oF e TR 0 b e K pomer

wherngup CH:e;hnas szmZP}‘ﬂree pheregtyipsarly REgmPt A ERY |aP@E£Mi H and
fB & %‘O? a s{oms enbodi prents, the paly

the 2% Fés a1 pgidy 3ty i £1pIRe BrowR & perdrdapeq At Happula 1T in

Wthﬂ% Ils/ aﬂ(}ﬂémﬁd ROF adrtent Wash TN ERmMMRES ﬁlo}/lo‘n%rs include,
ree of the groups R and

but agg HSF B%&%ﬁt%gfﬁbdxlr@kybameﬁ nogbernengaype @aonomp@n shghl as
glycidlyk W etBYyDéther NoPbdrnght ) Or%hﬁs?ﬂhgf hdEordeRy! é’lglmdyl propyl

neopentyl, hexyl decy
ether norbornéne, glymdyi 1sopropy1 ether norbornene glycidyl butyl ether

norbornene, glycidyl isobutyl ether norbornene, and/or glycidyl hexyl ether
norbornene.

[0052] In some embodiments, the polymer employed has a second type of distinct
- repeat unit derived from a norbornene-type monomer where X is -CHy-, m is zero,

three of the groups R', R%, R? and R* are each H and the fourth is an aralkyl group
such as benzyl, phenethyl and naphthlenylmethyl phenethyl.

[0053] In some embodiments, the polymer employed has. a third type of distinct
repeat unit derived from a norbornene-type monomer where X is -CHj3-, m is zero,
three of the groups R!, R%, R? and R* are each H and the fourth is a linear or

branched alkyl group. Non-limiting examples include n-butyl, neopentyl, hexyl,
decy! or dodecyl.

[0054] In an exemplary embodiment in accordance with the present invention, the
polymer employed has a first distinct type of repeat unit derived from glycidyl
methy] ether norbornene (GMENB) or epoxy octyl norbornene (EONB) and a
second distinct type of repeat unit is derived from phenethyl norbornene (PENB).
The amount of the first distinct type of repeat unit encompassed in the polymer

can range from 10 to 50 mole percent (mol%) on a basis of total mole percent of

-12 -



[0054] In an exenpl ary enbodi nent in accordance with
the present invention, the polyner enployed has a

wo poogtiodest i nct type of repeat unit derived frpoT/US2007/007029
gl ycidyl nethyl ether norbornene (GVENB) or epoxy
octyl norbornene (EONB) and a second distinct type of
repeat unit is derived from phenethyl norbornene
(PENB). The anount of the first distinct type of
repeat unit enconpassed in the polynmer can range from
10 to 50 nole percent (nmol% on a basis of total nole
percent of - 12 WD 2007/ 109326 PCT/US2007/ 007029 the
nmononers used to prepare t he pol yner, where the second

th di stinct type of E}eat unit enconpasses the
© PRNEPREEPS ST 1o W@P%? e pAkymeT, Sthere sbasceand distimct hpe of

repeOhYiiRhcompadidiahe $ERRG AW Sthel {38130 H\ﬂ#t & re%%% Iuluﬁ% in the

di stinct_ type of repeat unit can range from
polymgirosInqsheisempadimertse thecsmopntiof tenfiosti distinctotfypehof repeat unit

can ﬁhggqmmlmﬁpgb?ﬁm%he pol ymer enployed has a first
di stinct type of repeat unit derived from GVENB or

[0055] ECl‘nBanc&heﬁeﬁaﬂﬂldiyfdmlﬁ?@duﬂéfﬁ%f(%herp?Q&%tt 1H%ﬂt16r? the ol¥mer

1(L:i? ed f SENB andathlrd di sti nct
emp P(Ff‘\fti‘é FRstdERg 10 ﬁSP%rWéhée(luéé)ftomB?WNB or EONB, a
secofl® dl?ﬁiﬂctﬁ?ﬁ@ ef 'B@ﬁh%t lﬁl‘i‘@ﬁe&&kvé}pﬁom PRASIRUY ¢ élq;d aﬂi’lﬁ)ct type

first d| stinct type of repeat unit enconpasse

of reasqttw%q; degiyed é‘ﬁg’g decyhnorbargene (dg¢}%NBh or glogeny]l ndérbornene
(dodéha NB§0'1q1€détﬁBhﬂtC$f Il%oﬁlh tqlstﬁr?cpte@gF %? ép?eh lié egcompassed in

fromb5 mol % e anount
the pgixgner é{m riﬂ;gfefrofn 18 e a0 moil%, the amauge offltmnsé’&brtcbdﬁﬁnct type

of reﬁPAt@m@lsgn Qih céehﬁ‘oﬂ??tg SLH lﬁ??; Wﬁb? r:F S Ce tpﬁ tygp distinct

nmononers used to prepare
type qfioeheat vaiteomi mrggedinbmdimt’ﬁeﬁol%ean r&ﬁﬂiﬂbdsﬁ‘&@ﬂfdt@ﬂmole

| oyed h first dist t ot f
percdrt SR T om S0 B Pesietts Bt nZ second
[0056] d'Iﬁtyéi%oEWé}eex%in 18R ?ﬁxb\’)ﬁﬁﬁlet@aglﬁié élg Se glrgfeggﬁgd%polymer

hird distinct type o repea
emleBeq) hag| gdatsy distimc myjptaOf mnetalu ughiitsdériedd frppe GNMIENB Fb@aZEONB a

scco s EL HTF et ATTTL RS g VR 05 VR0 e o

repeag mngly d¢r®v¢;bfman de¢y‘11l\ZBBSNBalodérd3& NBEndd f@tirtﬁ estiddt$ype of

t
repeag lu‘fﬁﬂ ?rgvécy RS o{ruing }?SILljlé' Pg ngrglréggs(ﬁ‘g\fts/yﬁ)hglgmg@mﬂyl

noerIhend!l eTEBmﬂoﬂtr&hbﬂﬁixytsﬂpe eSfer NRPBGnHBI(TMSERNEYIhe
% the anount of the third distinct

am"”f‘y Srén t‘g‘? ‘F%tp‘giétm%ﬁytpe LTPrahgaitengamPestes Bsthepolyarer can
range! flomA IO $6 4 0Gh ol BE tHDahbANE b8 thdsdcdniPisthcf 7R3 repeat unit

can range from 5 to 50 mol%, the amount of the third distinct type of repeat unit

can range from 20 to 65 mol% and the amount of the fourth distinct type of repeat
unit can range from 2 to 15 mol%, all on the basis of total mole percent of the

monomers used to prepare the polymer.

[0057] Advantageously, the exemplary polymers described above each encompass-
repeat units selected to provide the polymer with appropriate properties. For
example, polymers having repeat units derived from GMENB or EONB, when
suitably catalyzed crosslink with the pendent groups of other repeat units to
advantageously result in 'crosslinked polymer portions that are resistant to being

dissolved in some solvents. In this manner, a means for forming a pattern is
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unit can range from2 to 15 nol% all on the basis of
total nole percent of the nononmers used to prepare
wo b@7padsgerer . [ 0057] Advant ageously, the exenpP@er/ys2007/007029
pol ymers descri bed above each enconpass repeat units
selected to provide the polyner with appropriate
properties. For exanple, polyners having repeat units
derived from GVENB or EONB, when suitably catalyzed
crosslink with the pendent groups of other repeat
units to advantageously result in crosslinked pol yner
portions that are resistant to being dissolved in
some solvents. In this nmanner, a nmeans for formng a
a%%ern is -13 WO 2007/109326 PCT/ US2007/ 007029
provided whege grialemer fHm, ekmagawise $xipeagd ie etivatbes seflision and
[ | G
non-¥&pb¥éd,| {ith-bAstsRhkeq p@ﬁqnepgag%gsoﬁ%dregil WS sédl l%/spgé ﬂ#qéfi@golved in

pol ymer portions are renove el ng
an appPINRSEAtE 4ok endl Baeh, padbinierp blaym =plating glm‘spkaiva@from decyl

B 8Pk kot LN A9 B o851 iy
promgasme:ms fomi tladprmg thaenoduduk mdantbrnat s el ofStheefisal GJolymer
t [t ha be a uch
film,, ol epegO ué@ﬁtﬁg b alkylr epg?gyg S ?Be ?{%8 feE?aFéz?i%Fh%
polyatefrém gtréngth- efddisistoh toa aubsﬁﬁﬁera’ﬂ&tl@ﬂdckﬁﬁsé JEhéB6F/mer
durin ost baqnd and pre-cu

s oo PRl SR ore it 4 B neo dt Shotil a0 ey Bt dpe advantages

of thef sevidealsi§pes af répddt indls, ﬂ%@ﬁé‘éed@h&ﬁy aBo¥eUaREEbn-limiting
brigefl y, above, are non- fimti ng exanples and that the
ex @ thresremplary repgrtpmys wanheaveaethsnedyantagag and that

othet Bales &ltll%%reaf WRRS cBf haPPeRhilUPbt Siifd éﬂ’%ﬁ??g%sm lar or

' ot her advantages. [0Q0581 Mononers use ormthe
[0058] poMporemsemnaedytedorin uhetmﬂymm smpnoyai: GOEGBOAEM hishin

t he pres i nventi.on are rlze n solutiagn in
aCCO{.‘%%n%r glﬁilg pr8§er§ﬁn§wF% y&q:r Pusplpgign in the presence
of art apﬁq;ﬁiate YolytheAdsiibh @Rtalpita| Vilyd ddfioh chfdlysts useful in

aring polyners in accqordance w th enbodi nents of

prep ’HE ﬁ”é}o‘ s i%%‘fﬂrﬁaﬂ%&v@ empgdipenty ofdbsmresaminventdon have
recehtl$ béd6m el 1850 v %HBllﬁcllﬁl'éC horcéﬁéﬂlﬂq%t Sully E&&?@ﬁ& ?gpl%l‘ented by

the formula: En-N (C6 ) where n' "I's
the fPEBPé%é@mlgl(Qsﬁe)athrezl é$ écarrdand Forepresdnganceuittrd @ electron

dondrshéandE WS qQ|1y E B ﬁ Jff 17arb]¥?lr1ie g Etelﬂ%%rl?ganlﬂcbuc%as 1is__)luene

tolUene, benzene;
benzgpef andiblepitybinec t Behermwiis @i a isypreéerably sdleted from diethyl

e E N AE AN U A5 o B BRTB i promer o
catalyaim mmgeaﬁnomnMOHﬂCMraﬁfglerbm 800@1eps &M )in an exemplary
embodiment of the invention, and in another exemplary embodiment can range
from a ratio of 2000:1 to 100:1. The polymerization is generally conducted in a
suitable solvent at an appropriate temperature in the range from 0°C to 70°C,
although other temperatures lower or high can also be appropriate. In soxﬁe
embodiments, the temperature can range from 10°C to 50°C, and in other
embodiments from 20°C to 40°C. Polymerization catalysts of the above formula
that can be used to make polymers in accordance with embodiments of the present
invention include, but are not limited to, (toluene)bis (perfluorophenyl) nickel,
(mesitylene)bis (perfluorophenyl) nickel, (benzene)bis (perfluorophenyl) nickel,
bis(tetrahydrofuran)bis (perfluorophenyl) nickel, bis(ethylacetate)bis
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enbodi nent of the invention, and in another exenplary

enbodi nent can range froma ratio of 2000:1 to 100: 1.
wab@7padsgereri zation i s generally conducted i n BCT/US2007/007029

suitabl e solvent at an appropriate tenperature in the

range fromOC to 70C, although other tenperatures

| ower or high can al so be appropriate. In sone

enbodi ments, the tenperature can range from 10C to

50C, and in other enbodinents from20C to 40C

Pol ynmeri zation catal ysts of the above fornmula that

can be used to nmake polyners in accordance with

enbodi ments of the present invention include, but are

not limted to, (toluene)bis % per fl uorophenyl ) nickel,

(perflygrenhanyhyisksl. @oe yis(dpspronis (peafluredpherydhaisike).bi@ther
usefﬁp*efrf 1%&@8&@&@&& t¥&lude tﬁéfn él%tlrc o rcﬁ?él%&%d RPCT
thylac

(perfl uoropheny ni ckel, bis ate)bis -

Woé’ﬂ@ﬁlﬁ&m]ﬁ’ﬁ@' ZQIOQDG@ZOZQ ( per f | uor ophenyl )
kel bi s bi s perfluoro henyl ) . ni cke
[0059] « ﬁ&rtablféﬁn?mé %3 artg Vlaw @4diignpelymenzgition pEsuch
monBhidfs ineaPobINGASeictAimied tb nh)Pcﬁ%ca%ngZxﬁis Waﬁ@ goﬁf@ﬁts
VD 00/ 20472. [0059£ Suit abl € sol vents used f

- Hydgqaagbon daiuensnussip rmlfhezmveaﬁoafmgbm brbAtepslimited to, to
lkah&§h
alka h@@ycl@dﬁkeﬁfe@ sieh a% th%xaH eﬁ;‘i%ﬁ%gﬁtﬁ%loh?ﬁ]ane

aromati ¢ sol vent rocar bon SO
Nonrlw@iwg Gﬁamn&@&m%arommasdvnms mpmcteeblenz@net o al kanes

1,2-&Rd &Y)Bgﬁféd%a@ﬁgxeﬁgcllﬁe nlgﬂ fk%?c? e ?@fﬁ?&g X Ii‘g arlll%’ m%s%gyleﬁe.

cyc ohexane xanple
Othqroirgemoseqlvn@ita d;ech@athtél;yl ethek; thtrdiiyallroﬁﬁaﬂsmtates, e.g., ethyl

kL U5, R A 5L RS, g i s

Mlxmrhsa bf ohefor alydr of thieaforegsiap abobeent€ con beaitiized as a
- pol cet ate, iters | act ones, ketones, am des, and
po yﬁbetrlﬁ?it‘é’ﬁes ¥¢Yri de are also useful. Mxtures of one

or ti
00601 O BB F ko, b 008 BBRLEIES G B AL R
resu]am fgwm thel pdyieariastioghin e{dds dﬁ‘schbedpd»loyafﬁca‘n b_e readily
cont L HA8LLRHIA RcRSLNTRH LSO TELING SRS OGS onomer
to catzdgt‘lr odticc a’lﬁhbﬁ, ai!lJ_bﬁheﬁrQHuilgs Ké‘ihﬁg gheﬂh gaxhbﬁakt)lpbmﬁﬁe&zhﬂon using a
ta ratio t her . thi ngs being the sane,
mongme) éﬁéﬁ‘%ﬁéﬂ?&ﬂ {}“s?s"r%’ LW HB?rmtaog%]é(tf%?rylg%‘“F&tal hyeher Mw
then S0ebush Irhtib @5 100: 1. NI 28GR CoRBYE BE addlyARReTs M to the
re su§h ratio is 100:1. In addi tion, control

ranggp%&r%%yﬁgf Q40 t9°9¢,800 or more, by carrying out the

polymerization in the presence of a chain transfer agent (CTA). Exemplary CTAs
can be, for example, compounds having a terminal olefinic double bond between
adjacent carbon atoms, wherein at least one of the carbon atoms adjacent the

double bond has two hydrogen atoms bonded thereto.
[0061] Useful CTA compounds are represented by the Formula I'V:

/R

\ "
R" 1v

[0062] where R' and R" are each independently selected from hydrogen, branched
or unbranched (C; to Cy) alkyl, branched or unbranched (C; to Cyp) alkenyl,

H,C==C

or halogen. Of the above chain transfer agents the a-olefins having 2 to 10
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range of from about 10,000 to 500, 000 or nore, by
carrying out the polynerization in the presence of a
waeb@rnowe@ansf er agent (CTA). Exenplary CTAs CBOT/D82007/007029

for exanple, conpounds having a termnal olefinic
doubl e bond between adjacent carbon atons, wherein at
| east one of the carbon atons adjacent the double
bond has two hydrogen atons bonded thereto. [0061]
Useful CTA conpounds are represented by the Formula
IV: R H2CC R IV [0062] where R and R' are each
i ndependently sel ected from hydrogen, branched or
unbranched (O to C40) al kyI branched or unbranched

I or he above chain
cpfiord erma‘ae SRS %vé‘?%“ﬁgnﬁam erie, syl wmtene, 1-
hg@eﬂe; ﬂGﬁaQﬁadDO]’l-ldS’éﬁlﬁé'ﬁQ(hMB 6- 6%B%eabi9'f%b%rt§lene :

erred, e.g., ethylene, propylene
[0063] ﬁé} }eth.q Q;ﬁgﬁp@h@on txone)fen empieyimgeameleﬁmc CTA to obtain a

spec1[]fic7 reRaiedihe r?]azﬁngr % t@rxﬁ%eadj e?rgﬁag bUt yg;l?%agﬁan we

00631 Wil e I 'mum con
havedpamiedi tbat;‘lm gemerﬁtlt a+crieﬁns s(e@c,l éthglerrfé§ pképﬂ@ﬁe bEhexene, 1-

t,e rine a_skil
decchEMmM AnIESAETE FME TR atroctivapiatnig ClAbPat hd-
dlsul:(s@tgted (dbﬁylks dag., @bb@t}ﬁl&i@ belnf e¥@ndFficlentd Gnehifer words all
other M% C{% Tt are the npst effective olefinic
é"ﬂ:ixgé ing.eduia DCERiTRtgn aféf(ptﬁgy{e@egrequlred to achieve a
giver sofle¢yihe M&:)gli)lewﬂg beﬁﬁcl@M%lférQH&n if SRS w%fé iR c¥d

selec td;er t hi ngs bei ng equal e concentration
butyl ene required to achieve a given nol ecul ar

0064 r than if e ene vvere t he
(00641 2 EPaiuyy et TR et ShbampySirelby st dmenyie
accordnugqmgsem bresenbimentivhhave exeelehtpREACH pldpehges,
partidl1§S ent opoﬁg xcel | ent _ physical propérties,
par t? é? g epﬁ%‘?’@&é’ft}cﬁ’ébqoé edestpisal ex elestronic
devickgr Sellchqirbpeﬁiesahcﬂi&gbhﬁﬁf&notjﬁﬂilfé‘?ﬁto %r}nefs%%qﬂs%xc‘ptlon
limited to, | ow nbisture

(less{ .1’,1 i ﬁt ni)
g}%l 0 Bﬁ & pchggg s dislegiigypengantdasy thangdvd), low modulus
(less tagl ‘eﬁlghpa%m%@%), Qlll?é?e it\g’reg)co ;96!%3{8 1t1lilgl§e processing

£ gl ess than 4 G gaPascal enperatu
of elegfronig and ©njpel ﬁcttr%@crﬁecyee@sa sokmbﬂeuyeofnmmccommked

polyn®drk 084 ﬁSﬁf&Bbs‘luﬁ&*‘d' pottiond %fsp%ll%%'er e les in many common organic

non- cr ossl i nk
solvents which 1nclude common photolithographic developers.

[0065] In some embodiments of the present invention, the polymer composition
used encompasses a low K polymer, that is to say a cured polymer, film, layer or
structure having a dielectric constant of less than 3.9 that is formed by means of
photodeﬁnmg such polymer. In some embodiments, such cured polymer, film,
layer or structure can have a dielectric constant as low as 2.5, in some cases 2.3,
and in other cases 2.2. It will be understood that a dielectric constant in the above
range is sufficiently low to provide reduction of transmission delays and
alleviation of crosstalk between conductive lines in electrical and/or electronic
devices. The dielectric constant of the polymer, the polymer composition,
photodefinable polymer compositions containing the polymer composition, and/or
cured layers and/or films derived from such photodefinable polymer compositions

can vary between any of the values recited above.
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pol yners, or non-crosslinked portions of polyner
films, in many common organic solvents which include
wa@ eowrnoo3phot ol i t hographi ¢ devel opers. [0065] | PCHURE07/007029
enbodi nents of the' present invention, the polyner
conposition used enconpasses a |ow K polyner, that is
to say a cured polynmer, f Im layer or structure
having a dielectric constant of less than 3.9 that is
formed by neans of photodefining such polynmer. In
sonme enbodi ments, such cured polyner, film |ayer or
structure can have a dielectric constant as | ow as
2.5, in sonme cases 2.3, and in other cases 2.2. It

Wi r od t hat diel.ectric constant in the
[0066] btb e Bsr%iﬁg‘% li'sl'e(gls,ltr}f ?W@?‘é‘ﬁ???s 1B RCeRrdange ivigh theinrasienh
1nve1a)1ﬁ0m rdvngmiagsously delveyslow thodi]1h gy ’I%hb%@nﬁ-f l‘frreasﬁ}lﬂnl%rs films,

layeR&L MG Sonduct i ve |ines in el ectrical
el ec r‘i}‘%es fEwedde aceRplagos veith the presest memfonﬂmeve a

modmmsyawthahrmor@y BRA 28RO § '3°@Pﬁ B&%}?Q?iévrv‘aa%'oez GPa, and

still g@ Corrp03| tions contalnin
at lowies LhGRR A %iﬂllpdymlsarakdbws fi them Oty 66l too

high fsuem SHiEh RvALacefilnab] éle%pxFérXH?ral&? FE gg%gg?t rr&ag s{gpss which

var% bet ween any of .th ues-reci
can logrhto 1 mhtspz;w@sza@azmwmlng D066 ]elddteonios paBkSse.
ccordance with the present

u n_enbodj nents
[0067] |§§en¥l?r ﬁx%{agiﬁwé@% eplymerse fidmisolayiessior structhires therlevel of

moistuwe abs prptioTeisSgerdrAllP less! F r [ ne
than 6 RC9L dance stghe t hem%reesssetﬁ%{ﬁlzﬁvgﬁh%ye %ﬂ{éﬁgS&% &‘:’rffﬁ less
ﬁ Sgeié?ﬁl?eﬁc%lt@% d am@ther qages lessghan @F&awemglhtepercast.lAwused

hereifs"Modt&Aabsdaptios! id HetR rHﬁLe%l l?g glx g \%zglg HhAfS)f y sample

skilled artisan knows, |
in ac"s‘lféﬁncae PﬁlﬂhAﬁMIQﬁ%ﬂSm will general ly al so have high

i rna ess can lead to reliability issues,
100681 T8 A Bl SRR 69 5 o SraPres ShoRedn ApOOEHRCE with
embotinnenﬂserf ﬂh)&quekﬁft)inﬁéﬁﬁ‘&l B&bé[r%ééouglglﬂl%e 4 gﬁgg TraBSition

e level of noisture absorpti

tempedgﬁgpag ggi?cggsattlﬁaasﬁ 17036, i ghsorp@rqagm at lqassaﬁe°@,aaﬁsln some
cases |ae$éast QQ@F"CQOE’asVYﬁ el PR e‘%ﬂg emnb pneern%%sgteigralé%gh as

3950 3 \NEI er cent. Ner er
b‘§d}t €% ghebo ynaéﬁeawlgbcasb@omm ingsomrte ghibodiin@nf as high
as 28 G aMRvantd I 068] The
cur ed ponfl n%é roggﬁﬁles%ﬂ%? r d o tE'Et”(fFé!st[ tgﬁ cyEed palymers,
films, Jayers pursteuciirds ingniyods wrmnesr of alblblecaltc&ﬁ&dﬂd 46Wi884.1 AR a non-

limiti R PAE Y T 4480050058 Al 0B Ganes Pearebpo0RS0°C s
sufﬁcm t¢ pllownfor successful solder reflow processing during such as is used
for the packgglng of microelectronic devices such as ICs. The glass transition
temperature of the polymer can vary between any of the values indicated above.
As referred to herein, Tg is determined using Dynamic Mechanical Analysis
- (DMA) on a Rheometric Scientific Dynamic Analyzer Model RDATI available
from TA Instruments, New Castle, DE according to ASTM D5026 95

(temperature: ambient to 400°C at a rate of 5°C per minute).

[0069] The cured polymers, films or layers also exhibit good bond strength after
appropriate processing. That is to say, some embodiments of the present
invention result in bonds that have a bond shear strength of at least 10 MPa, while

other embodiments result in bonds that have a bond shear strength of at least 20
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cases at least 220C to as high as 350C. In sone
enbodi nents Tg is as high as 325C, in other
wenwadigsent s as hi gh as 300C, and in sone enboRPCTVERL97/007029
as high as 280C. Advantageously, such high Tg all ows
for the use of the cured polyners, filns, layers or
structures in a wde variety of applications and
devices. As a non- limting exanple, a Tg at or above
300C and in sonme cases at or above 350C is sufficient
to allow for successful solder refl ow processing
during such as is used for the packagi ng of
m croel ectroni c devices such as | Cs. The gl ass

transition tenperature of the polynmer can vary
MPap efiaefereattooherein thalboms shedr strengthalsolesermingd using a Quad

Gro Iﬁ{)ﬁ).%guﬁ[ ﬁl\h@ F[ﬁh@ers-g? B{it)eggise'i‘ ? ﬂab’ﬁ%]ﬂetgg I eE‘ft Icg(slt%tlstxcs

ani cal Analysi s on a Rheone
Syst@yn\émscomﬁeﬂ softwaivh dElle Rbaht Haadi2180| was hsexirtd‘ Pun the

prod BRI Bonl B AR PR e TR i orc e

to 980 Mevetpns] 0069] The cured polyners, filnms or |ayers
al so exhi bit good bond strength after I1?Epropri ate
[0070] pr Aseusyinushyrmentionedopelymersreplovisddinrthatembridimeats of the

pres €R88htioh M4SRL a%lﬁ%“e?aéygt&%gﬂﬁa} vﬁ%ﬁ%ﬁ{wn@r&%&n 10,000 to

ear strength o | east™ 1
500 @ﬁﬁo diarsene embodimentsh dnidsadvhntagrave far tonpolyhearemployed to

navet NI B B8 080. 5 seut Rl L&D ap 00 apg i st
othebsofldns h’ekﬁas’st)ﬂmgt Htiis altetz&imt@bdmmfbg sam@acth émbodiments to
Zet a

Material s Te vin
timi (T i bt of o B Buetn e & St 90000 et éid up to
250,800 andHaadi IPdfheryVes upI6d 400000,nvheR PRe asieshilkEby gel
Bond Br eaki ngng nt Test with the speed set to fast

rEARion e emMAlperaphyd&eF (b e B8RO ytﬁémne)\étamd@&%ugq vﬂl be
: undmﬂaouqnadthepptw RBIet&IBF QYR Uy her Ehp16yhP e ﬁﬁ?teﬁmlﬁfdﬂﬂéﬁt in

present _i nventi on have a wei ght average nol ecul ar
accoydange withthe @rresrqqswnmltwawﬂ besgpsdgotedrterbes gmfigicient to

provﬁi@ﬁﬁ‘:‘ J&AteH pﬁ}‘sﬂ:eﬁ ﬁ%&?ﬂ SN0 c]fu‘?f:d %St rggl-,%s, fl%¥ers or

enpl oyed to = Have from at
strucgurasrderfvashthgrefrems t Isadditionaitdwilh bs tunderstootidéhat thedviw of the

' t age S
polyﬂrﬁs‘ 1[39%&00?%&939&*)“ msv.ka} ﬁllnﬁgdﬁ’g%&?a%gle&%? t%t‘%wegg %xeo%tﬂe Mw
valuddptavidpd mbo4@0, 000, in others to up to 250, OOO and

in_still others to up to 140,000, where Mv s

[0071] ycThe W}p@aebyo@@osnwsn%sgg igranyhehihst @gbg@mer{t@@)accordance
with4hk Pe R VARSI 8 c Gth BAE4H §m oubt W lpo1 AR er sufficient to provide

the above-described desired physical properties to the resulting composition, as
well as coated layers and cured layers formed from such compositions. For
exemplary polymer compositions useful for embodiments of the present invention,
the polymer is advantageously present in an amount of at least 10 wt%, in others
at least 15 wt%, and in still others at least 25 wt% of the photodefinable polymer
composition. It is also advantageous for some such compositions to limit the
upper range of polymer to an amount of up to 60 wt%, in others up to 50 wt%, and
in still others'up to 40 wt% of the polymer composition. The amount of the
polymer present in the polymer composition can vary between any of the values

recited above where such amount is selected based on the requirement of the
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understood that the Mwv sel ected of a pol ynmer enpl oyed
in any enbodi nent in accordance with the present
w0 nooenvgsen Wil 1 be so selected to be suffici enpCt/0S2007/007029
provi de the desired physical properties in the cured
pol ymer, films, layers or structures derived
therefrom In addition, it wll be understood that the
Mv of the polyner incorporated within such
enbodi nents can vary between any of the Mwv val ues
provi ded above. [0071] The pol yner conpositions
used-in any of the enbodi nents in accordance wth the
present invention enconpass an anmount of pol ymer
sufficient to provide the above-described desired
specifig appliration gadtthe snethod hy whieh therpelyomsoxinpesitionds to be
appl¥&d to #SubQRhied I“lﬁi’l?é'r 1A 89%@1‘21&&)5?& $hi%HRd ntxg f the
such conpositions. For exenplary pol'ymer conposi{1ons
polygyufaempexitiond vdefvd fos euﬂwkiﬁmeptseséﬁte presemtt nnwnntmn haee

B RLHFEY SRS T Semed RN o o,
[0072] ot RaEl aﬁ&rehﬁﬁﬁion%a IR ol Qb RY Q%‘o@@oﬁnﬁg%ﬁqppropnate

conposi tion. I s al so advant ageous for so

solvenfrgsdested &@ntréaﬁlm gngfes nogprractivgrepempiurpts toresrve os a carrier
for tRE p%@ﬁ@f' afll ofRer éh(ﬁgv%‘%%%ect /ﬂa ?&Jti]rﬁ ‘rg% F;%ﬁe; gor%%o\éﬁl{%sanéjuch a

instill others up to
SOIV%%%W poA ormerqammctme ¢drepopndsy mh ps hydrricamoxt kelvents,

aronfAl V(B ARTBOSICRIBH A8 L YRL LREL ERN; A0 0f ANIE MalES

recited a e SucC anoun
lactomige, k@tq’uﬁs elrérammiﬁ:s toln eea&ﬁzé/ﬁrﬂﬁﬁﬁﬁd@@ﬁélﬁ as aliphatic mono- and

0 eC|f|c a [ i O nd the net hod
multgﬂ%ﬁi‘? CZO 21);) CCWB8 3 Ia{lﬁ uﬁ§VIP6PB€IBr% I[?'51.‘)11]@181Ctl’BOHO- and
multavmyb stheas and Etybhh @arborated.| It Wil BedRIGREABEd]! Rkeftht] @iat in

som{ %e&.tﬁs R ORI St compounds, i

'otherpbﬁﬂle@d'eémﬂﬂhly&eﬁ@ﬂﬁa@ﬁbﬁlgﬂﬁﬁds ahhgh fy& Qhthdr PREY TRIm a mixture of
72] Such aforenenti oned

psition are not
both 58?%%? and REBCArBHS camueééo HbHsesimany ef ﬂbfp pferementioned
casess @h¥ 8Blvert|cantradnkt 9%6&?9§§ Ay @ 19 E‘be

conmpounds to serve as a carrier yner
appropmgte eiapevRds Badivular mm-ﬁwllpﬁiqgmamp}vpoﬁ i apippopriate solvents

_ chive
n Bl e 89 g R A, BB SEATEDL e, e,
meSlenerﬂeUahEslmfoadm pmasole, pd:meznoedhebism-QMInyphélfm;methane,

ton s and am d
eyl FESAES andL B ook STNPRRS, oS ARSI BOLTES 5 0 oo
cyclqhelmnquy«ﬂe at-pinane ayidepa)d’ gnadthgleneabis(4nd nul ti vi nyl

phgn?felﬂ%%iymetﬁﬁneﬁb%ogglrang %nd 1,4- cyclohexanedlmethanol divinyl

}?mdxture of

ether.

[0073] In addition, in some exemplary embodiments, the reactive diluents include
one or more compounds selected from epoxides and compounds described by
structural units VI and VII:

CH,=CH-O-R'°-0-CH=CH, (VI)
CH,=CH-O-R'!' (VID
[0074] where R is a linking group selected from C; to Cy linear, branched,
and cyclic alkyl, alkylene, arylene and alkylene aryl, alkylene oxide

containing from 2 to 6 carbon atoms, poly(alkylene oxide), wherein the
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mul tivinyl ethers and cyclic carbonates. It will be

understood, therefore, that in sone cases the sol vent
wa@an7hessel ected fromonly non-reactive conpouPdBUS2007/007029

ot her cases fromonly reactive conpounds and in yet

ot her cases froma m xture of both reactive and

non-reactive conpounds. Al so, in any of the

af orementi oned cases, the solvent can further

enconpass any single conpound or any m xture of

appropriate conpounds. Particular non-limting

exanpl es of appropriate solvents include un-reactive

compounds such as cycl ohexene, benzene, tol uene,

xylem nesityl ene, tetrahydrofuran, anisole,

ralkplenemsirtion of; thesepeatygrerppleentain framitreé carbon atoms and

%E'Mgafmﬂ%ﬁe%?ﬁd & hars 9&11%%%ht S‘f‘ﬂoh’?%%"leooo [-RI3.

ggoun s such, as Cyclo Xxene oxl a- pi nene oxi
(Q)rEx-lyd Bires 'mh@(‘ehnleach occurrence of R" is 1ndependently selected

DGELRE LAY TRERY AR Sy IR ene, arygne and alkylene
aa_dlg‘l,tarxdm'z' , ijsrainsmltreg&rmfhﬁﬁbmr Vte abOdh&ﬂﬁgﬁs sge:f:e{d%ﬁ@ed ?dr g?n to Cao
i nc re . compounds s
Logsn ‘3%8“5%§ﬁ83%§ éﬂgYﬁﬁednEy structural units
00751 V! oﬁ'ilé} Mdmpt %r%tﬁ%e%%&hﬁﬁ%ﬁ@ e o¥k)or rﬁb‘?e[ Q%t%ﬁfs selected

(Vi) [007 ere IS a group selec
fromcg_hqnyl C4ay] ¢thenr |, 4bbutanedio] divingl c;hﬂu t, Gahk)ydnedlol d1v1ny1

et:hel’:’ll lkg-o%@&ecﬂ{y hﬁﬁ%y]?&ﬂg?l i‘X l cﬁmetﬁagolbygiqﬂfgﬁ%w HgFether

doniital ni n arbon atons,” poly
1,2- chyhba)e glw.qel’ divinylhethed, 9, 3@rapPlkmeQg$26! divinyl ether, ethyl vinyl

e SR O bR b s SPGB enen vin
ethelp @icy;(la\hhyl eﬂ&rp&eﬂe)whﬁlseta:eﬁﬁdl(ﬁ!?dﬂy@wﬁﬂ &her, cht&d&ﬂ?\l Yyl

et 008 Bt QS Db ik A et

-vinyl &the20 | i near, branched, and cyclic al kyl ene, aryl ene,
and alkylene aryl, and mis an integer of from1l to
[0076] 20In fonthiRg Such ppéymct ednfposin &is, tloe ERfremdnitivaed sabeent is

cen PR S P O P BRI o o
compaditionedn sbhmmmbeﬂmheﬁtsrwlov%mﬁﬂhat df frobvapnedt 80 wt% is
apprx%l’)r\élgt%yalnﬂ"i%?tbll’l o % he g&?‘:ﬂ%? Is fl('chn\!LIart])ieést(EStOh\?vrt% of the
comﬁosﬁitidhﬂﬂtﬂ%aﬁﬁbﬁﬁﬁbﬁB@P(@ﬁﬁpfgs\éhﬂﬁ{ s Bhetodefinable polymer
compositions can vary between any of the values recited above such that the
composition’s properties are appropriate for the method selected for coating a
substrate therewith and for providing a layer having an appi'opriate thickness
thereof. Where the aforementioned solvent includes a reactive compound, such
compound is generally present in an amount from at least 0.5 % to 100 % of
solvent used to form the polymer composition. In some such embodiments it is
advantageous for the lower limit to be from at least 2.5 wt%, in still others from at
least 7.5 wt%. Non-limiting examples of such properties include viscosity and the

evaporation rate of the solvent.

[0077] Since the polymer compositions used in the embodiments of the present
invention encompass a solvent, such embodiments are typically in liquid form at

ambient temperatures, and have appropriate amounts of polymer, solvent and
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1, 2-ethyl ene glycol divinyl ether, 1,3-propylene
gl ycol divinyl ether, ethyl vinyl ether, propyl vinyl
weedengosbat yl vinyl ether, isobutyl vinyl ethePCT/US2007/007029
cycl ohexyl vinyl ether, octyl vinyl ether, decyl
vinyl ether, dodecyl vinyl ether, octadecyl vinyl
et her, 1, 4-butanediol vinyl ether, 1,6-hexanedi ol
vinyl ether, and 1, 8-octanediol vinyl ether. [0076]
In form ng such polynmer conpositions, the
af orementioned solvent is generally present in an
amount fromat |east 15 wt%to as nuch as 90 w % of
the conposition. In sonme enbodinents a lower limt of
I ‘least 30 wt% is appropriate and in_ stil
°the%taﬁg?@‘téer§o"8dﬁ”r?é’h %2 FPIHOR VisEasity 3 the sange efom at least 100
Centumipo (i) 40 upHoe2 H000 BhsOfS1RPl d6iitioR Ves@Rlty i %ﬂ%pall
dabgr%hggefagﬂsle_polyner conpositions can vary et ween
SRS 2t fre G BF RS BRPRopai Hely\asl eated spimatle mbeunted to a
BrodaldigldId Vi BrviScdth OReS 4V ' f Qr dhe
Lab met hod sel ected for coﬁﬁ%?‘fﬂéﬁ%{‘@@?ﬁ&e&ﬂ% and
a 9?0%‘?2\%444313@% MA¢ Tiavilhige antﬂabmajo i adsl_atitollmi v:dilsa@ﬁsy of
embbih &QE -in i.oped sol vent includes a .
reactjve ?%ﬁ%?lﬁlgg @E@Eﬁgﬁgéﬁﬁgglrﬁ' cuLiofdsd chargetsrististhat is

contyqlledhby vervingfthe wontenteatson Vo5 tHé sevetcdmpbnersaloraRkh
. Jn_sone such

d [,. GO Siti .
compSAehe, AR o RBLTRL SRRl L ST, 2HE e cponcs
polyllg_r,)@r fapdmoévgrht?/ aehl\ekl;e variatidms off tisé Ebl:veﬁf B?ﬁ %él&ﬁ@v@ﬁ-iaﬁons in the
. 0 n-|.im ting exanples of suc
ratio ﬁ?ﬁ%&?‘ﬁ’%&% RoriaRoy Y E Souiby A ot aesbisorat. Brirthat.c
selecging heuigablecsoluti§D0¥ehsity s a fuReriBRlNTE 16HRAS ik diRBE to be
diments of the present 1nvéntion

i n-t enbo

used ﬁ‘sgﬂ%%%% ?ﬁe §15>$%%? with, the polyseptesmpositiontans thel thjckimess of
the résujting 1apentfibh thanki @Rirelie :

. agt%r.opr i ?Ié%lanount s of l.ﬂggl ?/jrsr}glrsa‘;vg glg\s;ﬂY e%%%gn‘%ﬁégdj f\fptution
VISCO5tie7F PEe¥ie dibpves o]l be Tumierstood shatatidi spevific solution

iscoRlt9\o fOkeh | Is ' s e..range of from at
ot 0B ek ¢ AlipLiHEA U bodiidleahIRE e palieufn fatts
with gu¢ F4®-vi scosity is generally deternmined at 25C

usd ng. an _appropriately selected spindle nmounted to a
[0078] Br%é‘éﬁ’ﬁref‘ba%?ﬂ MATSCBHRPLHONE $aN |34 en¢eropa®r @ okdtexhbthat
photdmicilie €6inig a dabllPS e E3he M & |t (o Wnkiat2E
cmssgo%ed t ﬁ]t/; the sol Ution Vi %cos_?}t’ yk}g#‘gegl\{p&g’aﬁs&é’n UFts
(o]0t Belymarh Syitabde materiakbsrthiab phpmcally form a catalyst

includd) A Cre Mot lingitdd ?6, ﬂfﬁ)togﬁﬁgeﬂ&&gr? ¥n<¥ iaimé#or%jtg ri,}f‘;eenerators .

concentrations of t'he sever componen
[0079]  Where such a polymer composition encompasses a material that

photonically forms a catalyst, such compositions can be directly photodefinable
compositions in that where a layer of such a composition is imagewise exposed to
appropriate actinic radiation, such catalyst is formed only in those portions of the
film exposed to such radiation. Such photodefinable embodiments are generally
negative-working photosensitive polymer compositions useful in a wide variety of
electronic and opto-electronic applications. Some non-limiting examples of such
applications include patterned bonding layers applied to a semiconductor wafer
having openings formed therein that correspond to regions employed for electrical
contact and/or die singulation. Further to such exemplary embodiments, the

photodefinable polymer composition can form a dielectric layer or structure for
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conposi tions, such conponents including, but not
limted to the aforenentioned polyner and sol vent,
wob@raossas i ati ons of the solvent can include vRECT/EE200TI807029

inthe ratio of reactive and non-reactive conpounds

if both are present. Further, selecting a suitable

solution viscosity is a function of, at |east, the

nmet hod to be wused for coating the substrate with the

pol ymer conposition and the thickness of the

resulting layer/filmthat is desired. Thus while a

broad range of solution viscosity is provided above,

it will be understood that the specific solution

vi scosity of an polyner conposition enbodi nent can
the naglraging of mtegraterheirpuits to pratent agaihst ennjronmentag and

h 0 S .

mecRliL et tre U ARRIRRREPARRR hb SRS D o8 30 AT T80 PGS Gentiona,
chiptsialeg and|vyafier fl@vﬂfmmkegngsoﬁ lgindeviake such as 3h1cmkjnro@essors,

App?{:ﬁt?n&g ngg{:%fgefqtegs'faﬁ%?‘ @drcun% ﬁéﬁg%h%{qs%h h)?ltgglncirg/? anX passive
devipdsodowel ldasgz nel‘lat}Obﬁ dipthypleviebaand gther Gptoekectidiid Akvices
e AELS PEHE BRSSO P O3 SRS S5 B imentof e

pres@rﬁﬂ'ﬁO&hﬁbﬁ IS peawidigs di V%’lh@ﬁstdr}’plﬁﬂ(i’é edets ﬂﬁbﬁ %ver but spaced from,
03|t|f8n3|nthat ere a aer of 'such

a Se‘@BﬁﬁB‘éﬁyt‘P o S?@l??fﬁbmrslén%s@p%@éer vicgp whﬁs? ithe golymer
comﬁ@gltlahc‘enﬁﬁ‘l@lyéﬁ's‘éf‘ves&%%btﬁ%ﬁﬁ&l:?tatﬂa%hftﬁé 'EE%PQM rp'ré‘wdc:: for

those portions of the filmexposed to such ation
apprappteptRacaue fiom phe image armgant Ehus: the phetcmfylable polymer

comﬁ@&ﬁbhy %aﬁ\@)relﬂd?ﬂ 1Bh:ﬁ"::cf§§1q§%tti$ﬁ’ 61 BAY TR wERIPaSELY 8PS

useful in a wde-variety o el ectfonic and
micrgplestronistalestrenigpl dpaticotronicSdeicas thti muidnlgeneﬁt from the

mco@ﬁ)@g@ Lﬂ:fh 8 Qtozfe‘fméllb?eaﬁb%erl @Cl gde{i%%te}ser a layer, film or

ayer appl a-seni con
strudma\n ng openings formed therein that correspond to
ions enpl oyed for electrical contact and/or die

[0080] ; %d\ﬂna% pBetoarid epperatay isieorppsatsanio amedines somposition of

the tr&eent 9&9&&?&{ bR G RGLNTRG: HRITNTE
p dielectric ayer or st rluct urg ?R) %WM%?%%%Z&WII
photeagid \gs2g0AtoD 070 ducludh @nsarkmgie gowpounte gekectn from onium
tsC 518 S Nfn-
sl ChRUL L 5Pl SMEENp D ot o
appr‘ameansrs;dfqlbatﬁldrgwat@m usefal jn enihophmeatsle thedpredésy invention,
a ces ,SC
mCI cr gp(?rgrgllésgor &P ouRSB Eegg‘?%hr |f)1e‘gL ]it‘éé iarybuylpheny!
10doxﬁum: tmﬂste(, AS#’CA;’) trld(téﬂiaﬁ' &mtﬁli:imhyl)sﬁliﬂloﬁaml tyiflate;
s.as S a var of . di spl devi ces and

dlph%’{ O%P%%%RF@ S Q enyl)sdlpl[for?i)llzm leaorate;
trlarylsulphomum -tetrakis(pentafluorophenyl)-borate; triphenylsulfonium
tetrakis(pentaﬂuorophenyl)suiphonium borate; 4,4’-ditertiarybutylphenyl
iodonium tetrakis(pentafluorophenyl) borate; tris(tertiary butylphenyl)sulphonium
tetrakis(pentafluorophenyl) borate, and 4-methylphenyl-4-(1-methylethyl)phenyl
iodonium tetrakis(pentafluorophenyl) borate.

[0081] Such photoacid generators are typically present at a level sufficient to
promote or induce curing and crosslinking. For some embodiments in accordance
with the present invention, such sufficient level is from at least 0.5 percent by

weight (wt%) up to 10 wt%. In other embodiments a lower limit of from at least
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that woul d benefit from such a | ayer. Another

exenpl ary enbodi nent of the present invention is
w@e@viloieg a gl ass or plastic cover fixed overPChbus2007/007029

spaced from a sensor array of a sem conductor inage

sensor device, where the polynmer conposition enployed

serves to both fixably attach the cover and provide

for appropriate spacing fromthe i nage array. Thus,

t he phot odefi nabl e pol ymer conpositions can be used

in the fabrication of any of a wide variety of

m croel ectronic, electronic or optoel ectronic devices

that would benefit fromthe incorporate of such a

0.7 SR o AL SRSS AL 5 LRAF sb ™

photiodefinpbleap @iy meitcondp GAtiVABE appFotdAtk! AhPimolil€of photoacid
i nvention as the material that photonica Py

t
‘gene?rrgqufépr}gs?}gtlgwggl??dms ofer BEasent firatomosarcyery between any
of tHeNCAIUEE reiR Dib ¢V & HeBPRNG ug%hrgé{tggﬁgﬁg HhBREMAn for which

Hs%{{ta,' hal ogen- cont ai ni ng co onates.
the oflciingblg Fompositien isintended.opri at e phot oaci d
eper s eful .in enbodi nents of .the present
[0082] ;‘:’ng/]tevr\'ﬁli on, ™ Fﬁséf’ﬁ‘aéﬁﬁntggd’f’.lw& Ce&ﬁ%%@%ps g@plexasiby
exerfiplany émBodiinteats oAbkt RREhtioh QAANhEM DS &Bbx’ﬂ%ﬁtable
com4 4' 4"-tris(tert |lary butyl phenyl ) sul phonium triflate,
BY PR PRAMTIRRtEHALS shclk S peRedssaoOr Eastionyiulating hodusing the

photbdefihgble polymer compositions in ‘accordance with the present i vention.
S triaryl suéfﬂhonl um-tetrakis(pentafluorop enyl&-ﬁora{le; -
uch ?'ihﬁﬁ émﬂa ¢QAPORents and/or materials include one or more components

ledted Fajth | § e
sele Atr’ 4 e ?g?iﬁlﬁitgr@{'/ gﬂ%pﬁ)%ﬁg% Fé%ﬂ%v%g% }rfhgh—qgggnvé solvents, catalyst

scaveRgeraxadhasion nfomoterphantyonidantsanet therlilsd.t erti ary
b | phenyl ) sul phoni um tetrakjs(pentafl uorophenyl)
[0083] ) whoe' Gntednriates P09 B 8HFE-SENEHiZeE CRIIRATISNLY parehg lincluded in

photodefmablepodymak csmpRtddd UahBRIRAY
. Such ot o%ci d generators arg Iypilgaﬁrpgagﬁes%t%%qgfégresem
InVeRiiQRy| Pgeﬁi'ﬂfar by-gsnsitizery pawt for g Spasific typrior mpvatzhgth of actinic
radia€ioasd! ddsk I8 ' [N acceordance ..wW th

. ,a, l_at l_he present T R\E gha}%g(?:‘,ar ? %E&%ﬁ?%‘e@{:&%{) ' ?%\g gromng ffegtive for
Initiaging ergsslinkinggertbe molypmer iwedlgted ther¥gn.uSuth shitablcdéenstizer

coQO‘ﬁEsﬁi@i’&gé t g Jf%'rrit f fromat l-egst -22

WO 2007/ 10 3;%{15%#‘8 %%’?7 Bﬁ@é’éﬁraﬁ?‘?%s’vﬁ Pagtarenes,
chrysepgs.opsrizpyecresd fluvrstthehegtbrands) pyrdtes| Rasthohet % of
indadtifeneRN8L nakl e pol r.conposgition is
m apprng% ?‘Eé?gg'ﬁi‘ﬁ’é bda%gﬁt%ﬁ mb’ﬁ%‘ifng% geolyelesemsexemplary
emboglimsety, shitablesmisibrirscond périehtP 1RA8AE LRV HADKE M ioxanthen-
9-one, Y. %et Wele&Ha&x\{ - i

ne, 4-isopropyl-9H-thioxanthen-9-one, 1-chloro-4-propoxythioxanthone,
phenothiazine and mixtures thereof.

[0084] For polymer compositions, used in exemplary embodiments of the present
invention that have both a material that photonically forms a catalyst ;'md a
sensitizer component, the latter can be present in the photodefinable polymer
composition in an amount from at least 0.1 wt% to as much as 10 wt% of the
composition. In other embodiments a lower limit from at least 0.5 wt% is
appropriate, and in still others from at least 1 wt% of the photodefinable polymer
composition. The amount of sensitizer component Present in such photodefinable

polymer compositions can vary between any of the values recited above.
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of the values recited above to -neet the requirenents
of the application for which the photodefinable

W@ 0waed3ké on i s intended. [0082] It will be unPer/ssmotdo07029
that the pol yner conpositions enployed by exenplary
enbodi nents of the present invention can include other
sui table conponents and/or materials such as are
necessary for formulating and using the
phot odef i nabl e pol ynmer conpositions in accordance with
the present invention. Such other suitable conmponents
and/ or materials include one or nore conponents
sel ected fromsensitizer conponents, reactive and
non-reactive solvents, catalyst scavengers, adhesion

[0085] pr bnepmesmbodimsnte apeerdingito Hee pidsent EsEpnynsatalyst

s SARECRIGE por Sy Y OGS p BRI Bty

by sesipempediment nﬁé@hfttb ma&veugetmmcﬂumwﬂ SCRMUBERIS calmd/or base
scav g%lrszlr{%%ﬁﬁn Sht | % 8mp & 8? ﬁug{?b?%gggeglgéz{vc : YPhat can be used

in thp hxregnmudvemu@ﬂn (i)d ﬁﬁ)ﬂﬁ&ogﬁl&&i;ﬂk@lfohﬂnhﬁ: Omneﬁfrﬁﬁhg\e&amples of
i.ncl ude

initiating cross in the
acid sRayendpes SiFan 4 S i thearkes a0V eBaH ABHhede SeE Ry
amin¥dtand/&r RPtiaky Sinligsh duvh ANtHd8GeNRsed %ﬁﬂ g?h'&'il%] &henothiazine,
senes, . benzpyrenes, fluoranthenes, renes
N-mﬁawbé%%notk%%ﬁé’én-prpﬁu w@né@et%wmqtaﬁé utidifppein any of
its isdnferid Kies thereof. In somme exenplary enbodi nents, ’
sui tabl e sensitizer conponents include : .

[0086] 2- Fenpldppheﬁuldeﬂmiabkamuyﬁtbr &mapesitions having both a material that

photg R B T AP LT AL S yamet e d2 i ool present in

the phiotddéfizabils @odpier keﬁ%]snﬁm irP 8h WaRiur@ FrPpasdttie &t0.0005 wt% to
used i 'eée | ary enbadi nents of the present

as MBRG @Rt B0 PEhe AP BTG R BET smbodameptict Wnivealimjt from at

least! ROBEwB% qahgbyoiimae darfd ird S8 1 Jth&R/ frSARABER0.25RGt9% of the
| atter can be present in the photodefinabl e pol yner

photedefinalhleiRaly mer sempasitient ddw amonriaef cajalyshsogianggs present in
such'B-HiRo@éﬁ&Qo @2;%919&& nglﬁb‘%ﬁ?&% Eé.IPO?JgJ Qet%&%r \My /of the values

mbodi ments a | ower rom at | éast
recﬂa‘fbpbgpm ate, and in still others from at I east 1 W%

hot pdef.i pabl.e pol conposi tion. The anount
[0087] Itﬁ*@ﬁéfeﬁrl é’Pnéc}Hﬁfoﬁ&%ﬁ gmbedimghis therRyesemirinygptien, it is
advaﬁﬁdge@sag t6 QIO AdIRdSors protater tBah @BY c8ingdiftion employed.
val ues recited above. -23 WO 2007/ 109326

Gengrelty asyonchordtssion pougsier icempatible ywislithe peveral other
comp&Etdbfehd BolRePESRPBEIH IV I usPs i 2b¥fposition is

intended for can be used in the present invention. Suitable adhesion promoters
improve the bond strength between a coated layer of photodefinable polymer
composition and the substrate upon which it is coated. In an exemplary
embodiment of the present invention, the adhesion promoter includes one or more
compounds selected from 3-glycidoxypropyltrimethoxysilane,
3-glycidoxypropyltriethoxysilane, 3-aminopropyl triethoxysilane and compounds

described by Formula V:

R!%,(R%0);.,81 —R&—0-CH2 —A )
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scavenger is incorporated into the photodefinabl e
pol ynmer conposition enployed by such enbodi nent.
wals@iabozge€avenger s i ncl ude aci d scavengers andPOT/UBES®B007029
scavengers. A non-limting exanple of a suitable base
scavenger that can be used in the present invention
is trifluoro nethylsul fonam de. Non-limting exanples
of acid scavengers that can be used in the present
i nvention include secondary amnes and/or tertiary
am nes such as those selected from pyridine,
phenot hi azi ne, N net hyl phenot hi azine, tri (n-propyl
anine) triethylamne, and lutidine in any . of its
oneric forms. &OO 86] For such photodeflnable po
[0088] com!slésfr zilpfs lhav2h & Hswenlinkingtaspipiseldeaed fioms Corfiodadol lynear
t t I {
U BRI Sl ol VS, SRR b B g KV 2% S arbon
atompoand polry(aﬂcycim@miﬁet) whemiaithé alistlefe potGomodthe repeat

5 %,Qf the,co Si ti r .
BB i n b 4 PReBRTRS Rl b sy Ot B cpecpyige) has o
m@l@cnmlmlght afifram 5¥X id 1,000hesch 6c¢m°ratcel e2RP i9itependently

sHlesiel S5 a8 Ou RhedERhf pBRoh T TRRY Bipoctince or R1%is

sﬁt&télﬂﬁfolrrﬂ abhed | (€S liaeampasd theamkylarM shOUWEBA further
of the val ue recited above. £0087 It _has been

nodéhthatrinhay Brew Sonnd s dPRanme o efimants o€ fpe present

ihPMBRNdH, U adHesicn pASMBRragdaMISidcerpéidtaNiRERs ibaBkbone of the
pronnter to the polyner conposi tion enpl oyed.

radveerppgd Eforgy the aabeg%ﬁprppewﬂ@rereglﬁym a§ an @fidiional or
Alifdn AE¥Ep&At i BriGRARRNE ;ngo ﬁsteoeﬂoyx%ﬁ{er Exemplary
conposi t1on and the use suc n’p03|t| on 1s
men@ndesdthad cas e ibeoymadtddmas tepept esignin suetepolioners to provide
e I > g
- oL B oG B B UGS ol FRERHE 5 P BRI M Bomene,
tdetipaysilybnogbwnthe asdhﬂmahexyml;ﬂ ethy Choiborhen€oat ed.
I n_an exenplary enbodi nent of the present invention,
[0089] { hExgamdayoppel pfrrtﬁ’féﬂlépd itpdpiadhe palyBEr ARMPOSHAsIReddn the
f l; |
emb_égmsgl?tg Syof )f{/lg ntg rl?f&élﬁﬁﬁ glé@cﬂ'?{gﬁsrs é?sl‘ég%()tﬁ%é P%)sltﬁﬂ%? types of
repegt neithdssiyed ém;n arabeurmpstiyps mqmctﬂomprbgerﬁgd ﬂmrl Eorvhula I,

B T N T

distiact fypes vd nprbamenetypeadohomersliag at I€36t dbna pandant group having

an epoxy functional group, for example an alkyl glycidyl ether pendant group

such as methyl glycidyl ether, or an epoxy alkyl pendent group such as epoxy
octyl, and another of such distinct types has at least one aralkyl pendant group, for

example a phenethyl pendant group.

[0090] Where such a polymer composition encompasses a polymer prepared from
more than two distinct types of norbornene-type monomers, such monomers are
distinct from the above described monomers. That is to say that such monomers
have a pendent group that has different atoms or different numbers or positions of

atoms from the monomers of such first and second types described above.

[0091] For illustration purposes only, one exemplary photodefinable polymer
composition includes a polymer prepared by the polymerization of a reactor

charge encompassing the following three exemplary norbornene-type monomers,
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branched, and cyclic al kyl ene, al kyl ene oxi de
containing from2 to 6 carbon atons, and
w@oeioy(1ed3ke/l ene oxi de), wherein the al kyl ene poptT/082007/007029
the repeat groups contains from2 to 6 carbon atons
and the pol y(al kyl ene oxi de) has a nolecul ar wei ght
of from50 to 1,000; each occurrence of RO is
i ndependently selected fromCl to C4 |inear and
branched al kyl; and each occurrence of R18 is
selected fromH and C1 to C4 |inear and branched
al kyl. It should be further noted that it has been
found that for sone enbodi nents of the present

S0 e AR S SR S e
eth egfpghmnet;@ ﬁlpoé‘}’l) iand ?mgbpiyleﬁ: z&?oﬂﬂts%&'f@ﬂ%‘\mﬁ% additives:
ni er. rom an appropria

Rho Ijsﬁ@@i %gﬁﬁ%l %Fgm fn[s?élgyl@g}y pjgl?qqyg wdepiumed
tetrahB(PeneﬂhompHehyﬂ)bo'ial@) apailxm%fﬁoﬁlORHBQ}Q %eeééﬂ?@@%‘nx 1-
chlon{) Qmoti on gﬁ F‘ ~but are not Iimte

TRCRERY ST M GGnERenRArailable ﬁmrhd;@squ Gmoupdnagne
h tlti ti la
sttt B 6y
e““?‘}% MM @%ﬁnqmetear ewurftibarfiestCiommantgnpass at
dimetigafdlcy MBhekSid 8kiny VASGS: Qhd 3- g%%?&ody)%t é%ﬂer eth gx}f'srl?ane (.':5-

G nor bor nene- type nononmers repre
TS on v 8B ovAs Wik hetrsendagbe iegaimpdeofhat ifeHOwWe Im@ dbsRabSlymer

compoyitidts Hﬁﬁoﬂé of ﬁg%)& I%sssgb b1aGt t%(f it %ﬁ?rﬁ%;i%(%oesqgﬁ;g be

nononer s has at one pe

[0092] eEmpodimmedts i akcardue o |
” the&he o meds¢ grgup Sgeﬁi@%éﬁé&éf@%}/ﬁt ﬂf\/yegﬁlt@ﬁl argtc%:gecqgélto
ethgds E gyn&g@iayﬁé @npolg'pmppommmgnmyubﬂmmlsm%é
wheraBothebnPossisi csh BL Wo&é’fﬂ%lg n%& cgﬁélﬂ%?ﬁ%ch layer to

f aral kyl pendant group, for exanplé &
orm SEHQYITES fhadiase useBdoh semicenducthr wafer pfmresm@mﬁl &hipn

f
pack RIOETIS Sl VAR AR by B ol 2 s

. emp %ﬁﬁrﬁb?hﬂar@@l michianina polshindprodesss ARFEF bﬂﬁﬂpackages
hav

a hat such nongners .
havmgﬁ%ﬁdsgr § ?}Jh a(tsg?fa]é gér ?f g P& rf’ltJ )-af\srtilbpe dlieﬁﬂ@b@hbelow
some @mmme@{ts pogcddrdaﬁ%é)ﬁvnlﬁﬂﬁ eﬁélﬁgihggﬁ%gﬂ 7R 8% gfowdmg a

4 Sl,,and, secon escCri pea above.
substlé'tjé: n:qalltm&tlhgt Bﬁtr & % th’cp); em@géﬁpmmon to form a
layer, ghotgesdsée Bﬁbbﬁn@ﬂhd ®fer t%‘%[ﬁi)?§bltlh&naétﬂﬁjs 1119&%&% ge¥gl%p1ng a

epared by the nmeri zation of

patterg YT gun(empo]s IPSWIWQS pﬁ‘p}@elayﬁe ﬁpd a;uylng the remalmng
portion® ﬁbd‘bﬂﬁr@pit]{ﬁﬁe&qw&e&spaﬁ&% of structures on the surface. Other

embodiments while also including being exposed to actinic radiation, include a
blanket exposure rather then an imagewise exposure, hence such embodiments do

not generally include a develop step. .

[0093] For some embodiments, it is advantageous to pretreat the substrate surface,
just prior to the coating thereof, by exposing the substrate surface to a plasma
discharge so that the adhesion of the polymer film to be formed thereon to the
substrate surface is enhanced over a similar untreated surface. While it has been
found that an oxygen plasma or an oxygen/argon plasma are both effective for

treating a silicon substrate, a non-limiting example is exposing a surface of a
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WD 2007/ 109326 PCT/ US2007/ 007029 30% decyl

nor bor nene, 40% phenyl ethyl norbornene and 30%
wa@byocitabske met hyl et her nor bornene (nol % and PCT/US2007/007029

appropriate amounts of the follow ng additives:

Rhodorsil (r) PI 2074 (4-nethyl phenyl-4-(1

nmet hyl et hyl ) phenyl i odoni um tetrakis(p

ent af | uorophenyl) b orate) avail able from Rhodi a;

SpeedCure(r) CPTX 1- chl oro-4-propoxy-9Hthi oxant hone

avai | abl e from Lanbson G oup Inc.; phenothiazine

(Al drich Chem cal Conpany), Irganox(r) 1076

anti oxi dant (3, 5-di-

“1s - | -4- hydr oxyhydr nnamat e) from Ci ba Fi ne
R A T S o N .
30 semmhd@-lglayMad(‘JXMEO@S| ltmlriﬁtaﬁ‘&)éYg%He?&’tgr Q@aﬁ%oﬁreltu% of 300

— -y %fj be seen in the exanples t
%ﬁ% 36{{6%&5& %d%t 7 aPPiopriate gosrs of gammyxtures and

othemﬁlﬁrﬁbbi‘ﬁt@f&c@&%’éﬁcﬁﬁ%ﬁb‘%aﬁ%@p&ﬁhfdy% jgs- [0092]

Enmbodi nent s i n accordance with the-present invention
[0094] arAny ISFIEGblﬁZh'HB(hOdTBf boatin®mdyoberubed & l:@é/teﬂhe%ﬁv.\}l]ﬁtrate with the

I osition on subs te surface
POIYIBQL Egﬁlgoggcg? an exemp WO?Ingg}Iﬂglbq éugpbkoqoatmgjmethods
IHCIUdSJ gyt mea’mtl lapetedtto, spiarddatinlieip! E:S§tlltlé] aﬁru@fl %oléﬁiﬁgul'oller

sem congiuct or. waf er processi ng

coatl'n_%,r SREZY B9 ng, sqlution gasting; ﬁlgu@zgé@gg dﬁpoaxtlon extrusion

Coatlﬂg,a@ﬁtam&tda@ﬁlg%@&ﬁ&% @dH% BEk: chan )
ol i shi nrghpr ocesses ansd/ or Sp EZ’C Q}l&? ln§ an(f:ale like.

In ex rtrlz?&akta(oe p maq—:qtgy:gf ttxg @@esem dmvertiony s<p|1n ﬁoatmgss wpitally
emplbﬁedj %Cfdrﬁﬁﬂgqgh%’\bf th%%r@rﬂp ﬁb‘gg&] i)g%y nergﬁ(::{z:éi)gsmons because

th the present invention iInc
of 1ts§l‘}5‘§ﬂ1|°bﬁ5’ ean%@mipﬁ'gbtlita with surane rmurcﬁ-atl:a:tmrtxb pirB€essing.
SI ti on?%o forma layer, inmagew se

P
[0095] eig Snﬁﬁgeqa 1159%1'.5 SLEEHE fha Bibsitate With adaped fpolymer
compdel\tﬁirpmhélgay’:br P ¥ptRNALIY HirsE ABNeR%G o WIBXRTS = chr P Femove
and curing the remai ning por $0
essen?a}lphailpaia%{%y redidpal sqlvents MtqtbﬁhVofatEltS ﬁ@tmtlesooatetl Heyer or
film. SAG$ BR8 r lso includin
o sedgft:?sggt ?%(ﬁgp?ggﬁ%og@ el u ST % (bfeg Y i in the
layer ggﬁyg dng dromtithe copting mncq:mg@ddﬂmm}k]@vosuﬂe hebﬁﬁg Qaﬁ lé@hve to
hardef nc evel o
B, SOl L BB . 1
foundﬁhg@ glggx firstehentingt pravédesufcr anere conisni @it indit dring
subscg@Bte HocbhE R wrall o PR Te B beromech! edayer.
[0096] phyaB ddndmib NGyt SHOSEIELS
] ibRs P@r &R}‘hrﬁgtthlggﬁﬁglhéﬁd'é By érc? 10}, linlted to,

th W':{fj ace |s enhanced over sIm untt ea
ose jdent fosgemnsidng esermithlbhall Oémnmgmmab balent Gfondthe layer

while PXASSR{A SR préﬁ o %dgpé(nngfan Cé}lil atJVg process or thermally
initiated curing. While such first bake conditions will vary depending, in part, on
the components of the polymer containing formulation, the following exemplary
conditions are instructional. Such include, but are not limited to, appropriate
times and temperatures from less than 1 minute to 30 minutes and from 75°C to
150°C, respectively. In addition, suitable first heating conditions include heating
In a vacuum, air or an inert gas atmosphere such as nitrogen, argon and helium.
[0097] The coated layer described above is then generally exposed to any suitable

source of actinic radiation. In a non-limiting example, the actinic radiation is
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treating a silicon substrate, a non-limting exanple
is exposing a surface of a -26 WO 2007/ 109326
wEO/W8Be07/ 007029 silicon wafer substrate toP&mnus2007/007029
oxygen/ argon plasma (50: 50 percent by volune) for 30
seconds in a March RIE CS 1701 pl asma generator at a
power setting of 300 watts and a pressure of 300
nrbrr, other appropriate gases or gas m xtures and
ot her appropriate reactor conditions can be enpl oyed.
[0094] Any suitable nethod of coating may be used to
coat the substrate with the polynmer conposition. In
an exenpl ary enbodi nent’, suitable coating nethods

UItraIVPOq%:t:J%rSVisg?Lit ar.e not Ilmteij to, spin coating,

d .
coa GIRIASN 32 Wayrleneth of framgl 9 spmatp 7(|)(an, in some

case< frahi 800 Mmoo 500MMAshd i othdrbAibd SR 8S045RS 44Phm. In a
extr U%L on. coatin curtaln coating, neniscus coatlng,

furthgf ponigiting sﬁ%linuo?é; rthdosg ofsuch ketinikradiation daeeppasiyg is

from&IPadVdHEH S 30d RY/dhesent invention, spin coating is
typically enployed for formng filns of the

[0098]  aflorsemen tinboeiimpatsy P theosyepast inveRtioRCARUS er & imigewise
ex og,é‘mgl i.Gi t.y and conpati bil |t¥ th current .

PO cr%_—pg?ce‘\égnﬁoﬁi‘%togﬁﬁi‘e@_ Mgt t{v‘m@@QB]‘lq Tadighien source and the layer
such eldiosti | FaRlcte @ bbetionP8f tHiOlalBE aflIDSE SR8 0 \Whb r%c?inli ?Yaﬁfi?tion.
InthOf gol%/rrer tﬁ;lor{posul on, the layer is optional y firs

PP EEAns of thelayer hap araexpeseddortbapadiations ¢ nedtenial that
phot@litaldy fanys hasksysd ing l.agd m
. ° tr:ealg{éat edsl ayeryorl ?%?é%%iﬁs\?{anrlf? %%gg \séﬁ)(}?ﬁ{s%fg?ix}gépoups
incorpprated jp §omMeO e rgpsat writy of the pelyaxerdpackbiones Stich

1iRRind 8YSY i r i rocess. ...
crossiiiting SUferl Ca BYSher ] ABRh MY FeRRET Bartiono s
geneqablyesolyiei ingolublerstate.d INabrposeinareas ofiohé 1dyek roalih MY their

' that such first heatin .
i Aot g o AUBE 06 S S baF R Phvene cypicaty
referr@dﬁg@q@devqupeﬁstsil regdds remloveale &m@ﬁgl@sétﬂbf) n¥ér material
a in the | ayer. [0096 ui tabl e conditions
thorefiZb 1 hBn Rae rinpialF p ReFomied Bier 87 & prStoTRI o ot tures
disposed ontthesabstuitei 43 Will bbQater @ABWNIY essentially all of
any_residual solvent fromthe |ayer while preventing

[0099] s defteri anposure tnectinismgdiatipramyd befatetinyedgredsestepithat may be
MIES ring. ile such first bake
L T R e
post expegurechales. oSuchbake lpmbre wedt tal fih@r pRoMsta tielinkifs of

Ih | Xe ary conditions a i nstructional .

d

pen. 3%8 Ce 8%% %ga s, \qgﬂ}m SXPOset PpFtions, ’5’;& E%F@ﬁppgkeelayer, where
the incigmsed serdpeentper 6f sudsbikosRMeS %o ifd8ade Hobiti8 5Pt acid
Speciéydtnut% and from 75Ct:hglts 50, resgect,l vel y. I'n .

A é’.rf’i nY B PHRSres INgFUCBAgid t@ find and repst with
remaihigy howycrosslinked epoxy groups and thus further the degree of
crosslinking within such exposed areas. It should be understood that such
increase crosslinking within the exposed portions can increase the difference in
the solubility between exposed and non-exposed portions where such exposure
was an imagewise exposure. Thus, pattern definition can be enhanced. In some
embodiments of the invention, the post exposure bake is to a temperature from
75°C to no more than 140°C for a period of time between 1 minutes and 20
minutes. In other embodiments such bake is to a temperature from 85°C to 110°C

for a period of time between 4 minutes and 10 minutes. Further, such post
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in a vacuum air or an inert gas atnosphere such as
nitrogen, argon and helium [0097] The coated | ayer
walemaeniged above is then generally exposed to BEUS2007/007029
suitable source of actinic radiation. In a
non-limting exanple, the actinic radiationis -27 WO
2007/ 109326 PCT/ US2007/ 007029 wultraviolet or visible
radi ati on at a wavel ength of from 190 run to 700 nm
in sonme cases from300 nmto 500 nm and in other
cases from360 nmto 440 DM In a further
non-limting exanple, the dose of such actinic
radi ation for exposing is from50 ml/cn2 to 3, 000
mJ/cn2. .[0098] In sone enbodi nents of the present
expasyve heke s treally gepducted vngenian dner,asmospherg (s+2e Nigogen,
argofl BPP {R3K between the actinic radiation source and
the [fayer " such that only selected portions of the

[0100] | alresomeenebpdisshts of the padieht ity snddind aftep polsneiﬁmee baking,
tions f the |layer that are exposed to th
. mettjog %lfto R OSHLIng AePhAtpEFaRblerayer PR StHbstrate ywiwqrée*aelomng a

~ pattératbsih or RitdctlRS théRS$ atkd Kh{ﬂ)@oﬁd PeRdan1ERRNY developing
groups incorporated in sone he r%geat uni ts of

enc°PhIéaS|§6$ gaptactiagkbe sEposkd inyeg méls i switanls devslepesmaierial.
WAL oy MRl o 3.1 5 SN Kol doycioers

belngftht)*femaaé;reals rthatpine dhle theemove solukde pg:euena[dz g., non-

I t
cros YA LD 8 4 B RF RIS RS B, put e
limitedadi kglvieatosuecht dtuetaluqua aseditylehg,neylenat eyrdlapentanone and

erei ulting in the formng of a patterned | ayer
2tw89n“qu?4é$§ of structures disposed on the substrate

101] a@s
101011 SErhb byl 8561 B0 PSS 106 R RBEU ol paemca
layepef spuefusesreen bs emplenbddiSvehtssiiable mtlpm@mﬂude but are not

tmitgBUETEL00. BEASI LhdiRRLBAY APl Bs! (SARRRILE bl

deve@épmpehdmud@omygrgm pslyvmehcmted rsubetdaqeawithwmmﬁnuous

h t d th
stres GERPINEACE o Sofi Bl lbo b aatent PhuF LR MR BRIVPRY for 2
periad of tienasufiici speoi lemd\w ﬂm&l&yctJSGllﬁké@@Ulﬁnei (én-exposed)
r eact maj

ST e RO NN T
withdRO488 oftiatL §A198ht HkdNgs Wh tald dholUatheSHRRAE Gnd GRS erslidn

shoul . d be understood that, such increase crosslinking
techgjqugiipvelyss susliog droreloning sedrentpiesdbe eptige patterned coating

or inkthbfShEMEE phfterdddcc Ry Rhibdtt e qg{&"@@&klgﬁﬂ&sﬂvéﬂtdto dissolve
non- exposed portions where such exposure
the non-crosslmked polymer, and then rinsing the developed substrate in

additional developing solvent or another appropriate solvent (e.g., an alcohol). In
all of the foregoing development techniques, the developed coated substrate can
be spun at high speed to remove residual solvent and solute and optionally
subjected to a post develop bake cycle at a temperature from 110°C to 200°C for a

period of from 5 to 90 minutes.

[0102] Referring now to Fig 1, a semiconductor substrate 10 having an imagewise
exposed and developed layer (a patterned layer) of a photodefinable polymer
composition thereon is depicted. As such figure shows, such patterned layer

generally encompassing portions 20 of the polymer composition, overlying
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was an i magew se exposure. Thus, pattern definition
can be enhanced. In sone enbodinents of the
WO 2venvd3ee, the post exposure bake is to a tenper/asz0®007029
from 75C to no nore than 140C for a period of tinme
between 1 m nutes and 20 mnutes. In other
enbodi nents such bake is to a tenperature from85C to
110C for a period of tine between 4 mnutes and 10
m nutes. Further, such post -28 WO 2007/ 109326
PCT/ US2007/ 007029 exposure bake is typically
conduct ed under an inert atnosphere (e.g., nitrogen,
argon, or helium. [0100] In some enbodi nents of the
i nvention, aft post_ exposure baking,

r t
subsigah s it a6 Aot ﬁamgvsﬁ Svdherdexgimeprasgss described above and
gaps3®ahaats repidsfieng %Yﬁé%rﬁ%n@ reﬂx%tv%a %M @é\ﬂalgﬁ process. As

structures thereof are errp oyed. Generally such
- showay gRsp h gxPer bepdiasan édw refetied temosledtrmy epntacting
reglﬁ‘hsl)rhrﬂi ééﬁst@@h@pr‘égé!ﬂ (ﬁgﬁ{g ﬁ?lteF r(h?e!d %orme s&mﬁﬂynmn) While

appropriate devel oper materia
Fig.hopdo éppmt%pdephbméqogdutgpngletchm comtzctiaabas dindididng lane

operﬁﬁ%@ it %1&1%33%%%%83&3&103? %El% Oa}nrga fna%rﬁgﬂ %&erexelngSe F%Ch areas

inclygs, émt ars nph imuitksd tcbuthemredaedmt:al J;cbﬂfhbieﬂ‘ehﬁ (i.80tineu ™
pent anone

regigh LIl Rihys (e ¥ Foons ot hebianpgnntzir:
[0103] meilrRs theabdo¥ AeoBip& HE@elﬂgﬂ{n‘pgfe @ﬁ%é&%@ﬂ{ E?&grﬁgnce with the

| ayer of structures can
Presgii IRy gatipn @re @pti ODGUY&?CE“ developi hﬂlqedchmbsuh‘quagntly cured,
heRUSHH e 1@&? 1P I chni ques ,
Wi Gevel opnen 450{3 es s°p§%‘3‘fﬁg°°§9"6giglb§ at%% ngther PRliBdirate in
the fmlb%et (4 fqrnwmghtha stowtires alepicted inFizal, Atapdi 6{.ed or
0104 ﬂ‘er W se dl?qéer sed stream of devel opi ng solvent for a
[ ] per'l RNGER MEHS; & FVEp Stapocyréng 9Ecleran be employed. For
exaniy¥lB; & A TSI Blafg RILIBIE 441 )
substrate. The g ? ecé)a?&gﬂﬁg%teigzﬂegt%gn %%St cure
temperguee from (14 Oacftp O°|Ci fmefrow ?e(h smm#sptpomo miirutes under a
ﬁﬁé%ﬁﬂh n ddl e rsion
e e chni qu§eH5|: E?/gﬁ)\?gs Sﬁkfégp-gi cur pi RGP %ﬁfie@e%’%fé‘?ue the
crosslinkingoifithe paQStSémnkeUlecmahpngentsr prcmiéé ahrigitidlgidewall profile

for tlg@éhg{ Ql%gint%aatteagurg% P{S%é} | gl}ll%gldevel of%I 0 ?‘O| Ve(;]l'}d {)etween

e non
the snbstsatng tthe siﬂmsehoqaadsa:bh&tduaﬁ'@ ¢yele; %iﬁbbdﬁﬂéﬂts of the present

inveiff R 3 Ko, FUra  inie i, Pup g the est cure
tempéﬁ»tﬁfeﬂ pEREK stestibaMeempdende 18 LenRad s oebad: faHtS 1S 3bgec
wherce:as?mh heating is continued for from 20 to 120 minutes, where again shorter
and/or longer times can be appropriate. The effect of this second cure cycle is
believed to complete the bonding of the substrates and to insu;'e that the
crosslinking of the crosslinkable components is essentially complete and thus
providing that the desired mechanical, physical and chemical properties of the
resultant film and/or structures. Non-limiting examples of such being bonding of
the substrates to a desired shear strength, low moisture uptake properties, low
modulus and resistance to some chemicals and a second sidewall profile are

. achieved. It should be noted that for such photodefined embodiments, an initial

sidewall profile of photodefined features of generally at or close to vertical (90°)
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be spun at high speed to renove residual solvent and
solute and optionally subjected to a post devel op
whake/1e93eé e at a tenperature from 110C t o 200QPE¢DUSH07/007029
period of from5 to 90 m nutes. [0102] Referring now
to Fig 1, a sem conductor substrate 10 havi ng an
i mgewi se exposed and devel oped | ayer (a patterned
| ayer) of a phot odefinabl e pol yner conposition
thereon is depicted. As such figure shows, such
patterned | ayer generally enconpassing portions 20 of
t he pol ynmer conposition, overlying -29 WO 2007/ 109326
PCT/ US2007/ 007029 substrate 10, that are not renoved

descr| ed. above apd _gaps 30
is altbhed B AEXELORIRERAEE To Aesecnn i damall oron ity tsmene sloped,
less demet/cxplqal ouheasrhe Asltla:ts RivalO BRSHRD SUdIPSE& AV PG is
advéﬁ%% );g_ﬁggégfe red to as electrical contacting
represent d|C|ng | anes (used for
[0105] di fh 8%%6&]9&11‘(@2:}}10%05 Saed Lets, peripheral
: aed R DileimppSichgs AR sured using

bondi ng or electri cont
a single aurige cyicle. what ise:otsagtethat swch élﬁi@bdﬁhbﬁfs AEARAUEL a

o . d | ud t t
tomgfe B0 DGR AU FS) el udS P e O

from 5 moﬂaﬂdd'm Sagmmgleamre 0l WasTbEcRy shdved G r,
Qe 0103] After (REvEHr Boviding

d
the 2 éﬁé@f?e é"&‘e%e‘?ﬁeﬁ“@% rg?cl’llciﬁt’b‘lsgl)aﬁéﬂlﬁlwdbcmmdee anijinitial

sidewhid profitsthat is Rse Rhh® Red Gal Rl SO LYy @Hﬁﬁ 6%@"8'8%@ It will be
uc

unde g @nd Subsequently cured, where s curing
5%8 POyRY s 18R tﬁ%{i@ae%%@pmserqswmm@m dlscussmg the

cure Syblek lagtt ®road RN st [. ct ur
ag_ﬁlg%@t ed i n Flrég;{sg%g%S andlﬁ% afsc%%aﬁgc a%]% éd'tirfiSan. Thus
ti¥esit and terapgratirsp veithinrthedyohé rmm@m@y@w,thm

the SE@ife m%@ﬁﬁiteofﬂgﬁ t;?}egérttsihv{,? ;619 cycle the polymer

| ayer is heat clure tenperature from 110C

[0106] t msﬁ%tfmdfab@wggua%@ﬁﬂg stépsla?rg g'@n@i-glﬁf uHé‘cP?cf cé‘use the

rom5 to 100 psi. Such first c

ressure
bondffe S8 CRatel BRtmiulo pEher cobsrsek Ty atantie, refernng to Fig.

2, the:b@ﬁdilln neing c6 RAREE aI S
180. PEOf 1! g for the phot ?gli ggq#gg?ureéq o}?y 81y portlon
TRt éﬁwEOll@)eCf atrw'axre,u it dias fherd fbandvadIQantalgeous to apply

rheichi grebsuzl ro%l?l during
the ﬁ*S? ?ﬁﬁlfi‘%‘“gp @S%E*h%“%?%eﬁ &%ﬁlﬁgﬁ%@% i den sonineges Bressure.
Also seepninpBig. @ is2banehipt bH) isfirsslyageicheaho subkirate 120 by an
attachment material 130 and that both chip 140 and 170 have wire bonds 150 to
electrically couple bonding pads 145 of chip 140 and bonding pad 175 of chip 170
to bonding pad(s) 125 of such substrate. While attachment material 130 has not
be discussed as being consistent with the polymer compositions described and
used herein, it will be understood that material 130 could be so consistent and
applied and formed on substrate 120 in a manner analogous to the forming of
portions 20 depicted in Fig. 1.

[0107] When selected portions of the photodefinable layer have been exposed to
actinic radiation and subsequently patterned and cured, the layer is in the form of

a film or a plurality of structures covering at least a portion of a surface of the
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and/or longer tines can be appropriate. The effect of
this second cure cycle is believed to conplete the
whoenditmg260f the substrates and to insure that PEEUS2007/007029

crosslinking of the crosslinkable conponents is
essentially conplete and thus providing that the
desired nechani cal, physical and chem cal properties
of the resultant filmand/or structures. Non-limting
exanpl es of such being bonding of the substrates to a
desired shear strength, |ow noisture uptake
properties, |ow nodulus and resistance to sone
chemi cals and a second sidewall profile are achieved.
It should be noted that for such photodefined

substratip dGeparally. dhisi advantageosis fonshe fimotd anpfesulting structures to

v SBLORE] UERE S5 5 s PR S B 5 e e

the paksentddventiomeas ooy dinideast {hig preceasimecgentrailyeemilts in an

i LA I B SR oL ARRHRLH LY AR i
changedd dntaageallet, firfal shickfiets) iBhas e Sjur ditteit hesting to determine
e S5 RSy RUGKRSEIATSS, PO e COMESL NS A o
mean&d obath acldddniimdlshivkdeBealedill ®ethotbe MRa stchl@sting, for

from 120C.t o 300C fpr%F m nutes t.o 10 _hours under  a
exampleQuQPessine arpyen of pelvity upposifion dispeyed on asybstrate

thro&%’lﬂ}fé Exasreky O thé pYoedt S ROk EN Svitin theQR4pdbility dfeskilled
at orenenti oned desirable properties and additionally

artisgRovi des an initial sidewall profile that is [ess

t verti . generally from60,t0.85 It wll .b
o108 | ¥E5 4G inaf BicEPR B Yo il et idimesh dbijigdo sav
any {hicknede dhhmisﬁmirdﬁﬁhfwfdrhﬁe spé?i@i&m@éf&}ei’ﬁlgnﬁé,@éctronic or
rgnges neant_only as gui gdapc or a ski artisan, . .
optordlAeEoniArRiFadon @m@ycgﬁge@wp@r@ﬂeﬁ bsedy; FAF pxemale, it will
be uRd&8EbJIPIMAE FoPAR EhflRli Aeht W Preselfife@RRnhd: SRi1M i t
of the present invention. [0106] As nentioned above

electsiralyqniphy tWPsmaredifeive? SRpsiTals swing WieBendspsuch as shown
inF i%@@ﬁjh'?ﬂic‘lﬁaegs aaed et fels hhakghd AnfiRth el%HQﬁ:Iarll%t &ouples such
. or exanple, referring to Fig. 2, the bonding of
die theanghosadder bunmsszr(lzaigpe)ucm inoa Elipshiy oonfigpatiareand also
: td 1 t6:-1 hj t t , b
P08, o ST RSO ) S HELAEE, bl s
varieshéipbodimemy cin haasst fiaap Gilmi thiclofess Heom Uy migrompdipd .to 300 p.

Thu S ;.described.ahbove, .the t st e uring.cy
In sofy S PERFCONT Wi of By 07 R Q00 an if 6P Cotmers from
25 pheans pg Fihelyvinisheuldiee apeedsthap thel finap fityncthéckeay iobesined can

cont.i nuous._.pressure. . o
vary Within any of fie ranges of values provided or any combination of such

ranges.

[0109] As aresult of exposure to actinic radiation and the various curing steps, the
crosslinking reaction is essentially completed and the resulting patterned film
and/og' structures ha:ve a glass transition temperature (Tg) and a bond shear
strength that is characteristic of the actual composition employed and the actual
processing of the composition. In some embodiments of the present invention,
after the final cure step, the Tg is generally greater than 275°C and the bond shear
strength is generally greater then or equal to 10 MPa, and often greater then t_hat

required to cause the substrate to which the material is fixed to, to fail.
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Also seen in Fig. 2 is that chip 140 is fixably
attached to substrate 120 by an attachnment materi al
wa3d®7amsd2¢ hat both chip 140 and 170 have w re PONUS2005@7029
to electrically couple bonding pads 145 of chip 140
and bonding pad 175 of chip 170 to bonding pad(s) 125
of such substrate. While attachnment material 130 has
not be discussed as being consistent with the pol yner
conpositions described and used herein, it will be
understood that material 130 could be so consistent
and applied and forned on substrate 120 in a manner
anal ogous to the formng of portions 20 depicted in

0 Fi . | ect ortions of. the ] .
01101 7B o VIS R0l S e formin
of ancilgraehiprstacidembodégeanot theppiick EANBH eAfidn Glte %ﬁow}nh %n Fig. 3,
y o

. isqn_ the. f of, afilmor a pluralit f
semichliotb? dld'el Viin 2511 Shooka oxime beafracrads enneiens b5
overhieg a3l ie X stichQI886 CEHIP/ IH2R0H R Qggingsmif)%&ﬁds 375
disps2ne! 1y, |It] I s advant a%eous for the filmand a

PYES j"Te?YVﬁénﬁ_o YRFUFEE Opd S8Ravilse drpicteddre iblderdmdls oxsbumps
360 fiksblpraoesietiticQly Wgﬂqglﬂa s '355?0@@1@% ?3V¥stn%t t& anle it
i nvention can vary, and-as this processing ’

. resent
will 5% nat qh}qt selder balls 3 69hextendd tbiesibhg agdpadeng polymek regdens 382, in
GhaPdResNaRr g { $PO0 . Substraje bein
a vefC hg P iggc-lzt}/déﬁﬁabyg ?m'flﬁ‘lﬁg Ffslt%?b%itehﬁggwe gsrﬂwé tfo %'2% {I).e%lﬁerna
versippy Af chipst 34 and 3g Otaredlepistailnd\s hBig. \Bp ichips 4H@AHE 3170 of

Fig. 4 Bhak r A0 ' initial thickness

12. 4 ShOKBASmBar BOmdie SHRTS ARS7P At taiftnaud Aip 370

furthgy has ﬁé_dnobeulqrr’cgfnp ?6@ ﬂiwfrﬁe}z;mgxg é‘gf’tri@’;‘%r%‘*‘%lg‘; é%l pgcri]s 375 in
It on al v .

tlfe s&alﬁgu %ﬂeg%gashtoﬂ%/nohngﬁlg.ﬁsg g‘h?in? r@ﬁtelrﬂ%an &gﬁ,depgcted in

Fig. udidwewarheaclt bfchippaid add 300 havekidly8lr pRELbSEB84 isposed

ereh 198 THRASESH S 08l ADUSHDSE? o D e o0 L E0TE

thickagprtogrdlginer fpeitibh 8 82peCFid. 3. 'T'rﬁ&%%x%cée{c%xf%?rtms 384 are

thi el ectronic or _ _opto-electronic _application
nneh P RIS 382nd ence meondydistaines 394, the Histaxece solder balls

360 ehtfERY 5dRRM %&Qioﬂsﬁ 845,‘2? 32%{9} {500 cfi%}gngé\gégnt

invention that w Ically coup I nore
[0111] gteshonld beulistd abet whilaGonhing BNESuctaHEBf £50 S onifhsses

' a_thickness. different from an enbodi nent that
the erg*eg%tte%ls 85?153& g% Bm\élge%tﬁrngi EO{W%}U@WWSW: i#grspsh grortions
are thialdrshsmpbridsns B2 df |Fi§: SN OrtARf 3 LA l%]e?ﬁgr # £3m when
different from an enbadi ment invol ving a wafer

smalltgﬁlomtlﬂas 61:?08% >d. Tﬁggitig@}y, the forming of solder balls 360,

.accomplished by any appropriate method, may be easier to accomplish given

thinner polymer portions 384 as compared to portions 382.

[0112]  Referring now to Figs. 5 and 6, still other chip stacking embodiments of the
present invention are depicted. Fig. 5 depicts a two chip stack where
semiconductor die or chip 370 is electrically coupled to die 340 through
compressed solder balls 365 and fixably coupled to die 340 through polymer
portions 380. It will be understood, that the fixable and electrical coupling is the
result of bonding appropriate intermgediate structures, in accordance with the
structures depictec\l in either Fig. 4 or Fig 3, where either a single step cure and

bond process or-a two step cure and bond process, as described above with respect
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vari ed enbodi mrents can have a final filmthickness
from5 mcrons () to 300 . In sone enbodi nents such
wo boockoesse is from10 g to 100 g and in still PtHhEsm07/007029
from 25 to 75 . Finally, it should be noted that the
final filmthickness obtained can vary wthin any of
the ranges of val ues provided or any conbi nati on of
such ranges. [0109] As a result of exposure to
actinic radiation and the various curing steps, the
crosslinking reaction is essentially conpleted and the
resulting patterned film and/or structures have a
glass transition tenperature (Tg) and a bond shear

t th t .char cte [ ic of th ct ua
to R EREE: ShPlansh 45 S ednuet Hoviedry oo ThedibeeBnedots strwgsores of
Flgsc 6rqmﬂs4 biodn end:dimpaméscﬂﬂ‘eﬂﬂhlm Bf Hudipst 360, pvEBE ke structure of
the final cure step t he Tg is

entlo
Fig. &n %?Sa??‘;)“agvree%ic byTRs 359p thetsmpeiatisenand ireapression force
usedsfor&ughibdrsl gaDehR! pd c@§§§ﬁ<ﬁﬂdtﬂ?ﬁe£bl§i-b ﬁ%@f‘or&ﬂe%@tm

and often greater then that TGQUITG tO cause

soldey pateriglepployede Comfdnwimecawith Figs 5§ swéneltestmai croalplhng of
chip- FBid WA 39&)7 éd@?&ﬁﬁoﬁgﬂe&&%@ﬂ O843e00f 5941339;5358 %Her%qall 365

_ now to Figs 3 4, ternate 1 nterne
witht bpthihonding pefis aﬁétqfethp 379 mthbkn@mgqrhdséms of chipe340 As it

d
shmﬁ{i gv%gs{ékg'h?%%g% @Qn@érﬁgﬁ&% \?Ir@élf%gagg’ 348 APA{] oxlrjgrtlymg

oppqséeg swefagesof swaly tlyiprapndiwherd anky ohe sf thlﬁ: baﬂs 1.‘Q§kﬂjfacent an

0 ds 375 d]
“aclllD ASRIMLRRES AlLOR I Ruk G PR aBF S hcen:
the stwqu;s of366 J4i0xahtse tieddealiess of SadH YicCareFoed eHundPEE other is

overie e bRy b2uRSE) Bt e el

the b padderlying the/ ﬁfdch%'suﬁd’c%@ah% u@éﬂ ® fd'vfiae such
di s ance 392. Turning now to Fi al terna

electyical coppling. %’fﬁ%@‘%@i%*hed%mlage ‘a‘étparrétrm.llmsted foFfthrough

chip JiafhoSedOmandlisffo9f. Fi 9. 4 each enconpass bonding
pads 345 and 375 respectively, and chip 370 further

[0113] haStidotferingablFigr Shitngan3tdséerxeiat gubsgatel 2y, lhla@ﬁlé Bonding

t.0 pads 375 manner as shown
pads AP Ry el ek isfhcs thercite s BlepiTigal Bopne fadbinicoupled to
chip BMQ The fiaubletoup?tpisahe GB5WS 024Re BBHI Y ﬁof@l‘{ﬁ) 340 to '
384 di sposed thereon, ere such

S“bsﬁsgﬁéwﬁﬁgéé FOLYREF PEEEPRLPHO eaddheicksqtyicabeoupling through

compnassédwgalseﬁsﬁué 6r BaEs 6 V&Y bireb: $ih Qu bond
and f re each of portions 384 are thléﬁer tﬁ guding pads 225

_ b be ginteds Brtn g emibosimants Gothe reent invention
chipsi3 56 aRES ROWHE be Ffst @oupled and then second coupled to substrate 220,

while in other embodiments, a single bond and curing process is employed to
couple chips 340 and 370 with substrate 220 in a single process. Alternately, chip
340 and substrate 220 can be first coupled and then second coupled to chip 370.

[0114] Turning now to Fig. 6, yet another embodiment of the present invention is
shown. It will be noted that the embodiment depicted in F ig. 6 encompasses
portions of the embodiments depicted in Fig. 2 and Fig. 5. That is to say, the
embodiment of Fig. 6 uses both wire bonding and compresséd solder balls for
electrical coupling. Specifically, substrate 420 is seen having bonding pads 425
formed thereon. Chip 440 encompasses wire bond pads 442 and solder bond pads
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360 extend beyond portions 384, is greater then first
di stance 392. [0111] It should be noted that while

wo evoritoag2¢ he structure of Fig. 4 enconpasses POEUS20T/007029
steps needed to provide patterned pol ynmer portions
384, as such portions are thinner then portions 382
of Fig. 3, portions 384 may be easier to form when
smal| geonetries are needed. Additionally, the form ng
of solder balls 360, acconplished by any appropriate
nmet hod, may be easier to acconplish. given thinner
pol ynmer portions 384 as conpared to portions 382.
[0112] Referring nowto Figs. 5 and 6, still other

chi p stacking enbodi nents of the present invention
444, avbergepadst 442 aml 42 5mrdepattically tonupled threvgle bontevize 450.

Chlptsgﬁr% ?i%éﬁ)r{%lgh u (i@d B EIZIQ aste% %%16&1?@ L%%%Igﬁrlate%atenal

npress e SO I
430 pibiclblisyanalogbesite ettdclnmﬁﬂﬂniahasr@alglﬁ (p(Higne) angdahé idiseaission of

aeeiflued b les HALSISA GRS ol Ao of s

figusep tp%@ péerabhltp M@,rlimdhgtlﬁnaiﬂgdpﬁaﬁ esf hisrbo@@@éu ewaeﬁcauy to chip
sStruc I.n el er

440 Yrolieh Bomerehieed 8183, BEl €65 andlhantagido saifer Drgbead 344. In

addiflbn&hlipVa 791i6 BixeblE ca3ip1daadHip A20SHro 8RahitORGterial 480.
Sue g ve with resp ec}{e -33 WD 200 /109:’>26@éhg i eria

PRIS R £ 1S Ve%é qoyPliRg 1§ epkarmed igfa magnep anglogous to that

disc@¥BHGYRH re Y8Figas the internediate structures of
Figs. 3 and 4 both enconpass sol der balls or bunps

[0115] 368dvahtdgeotily, tte polyuiers aised ftb forr tHe@olyratr boipositidhs
atures and conp ion for

360. te S
emp [ p eG4 SPAPITER! FPSEEE AT BRI bonds between
electﬁ@m’cﬂﬂf d)p’rtbele‘c&ronli@ gubatites hlsoShd f8idiRBiRhdWd by the thermal
d Hy (fmln /gg wth Fig. 5 such electrical '
o iiow offthe Eﬁﬁﬁi ?@d%ﬂlaéﬁ'l?} 3ips & hag s gHfound that where
heh&ek |1§af E&itAe R 2Pd £36ah a
SHe bot h t?ondleng padsé 3?%% of ch?%%?gm?%r?ﬁ%ndldng pad sﬂ%ﬁ%mate

perigst ob e, 3u0h patymer nsaﬁemldcmtlaa@mllycdﬁ qenapgse to leave virtually
no r&SIGRUTPASR P b? Ql?lg'epsgo %at?k%% éé}t\:’ﬁgf‘é‘?ircl één]nlge useful Lin the

opposi ng surfaces . such c ere on
chip §tﬁgknpggmhoghm@pgsc@f]thmesémvv:at'losuplfearmmlsi? d&scrhbed in that

f
suchg;?}g%rg%—t{éﬁsflﬁealfso&(i g%’feth%]g% gvexg ngts \(I\% lél%t%émaggaxé%tgr 61,1e and

othesoekeriile shoald mahenbmdr)t beccnhberecegarﬁv EIdweveg, §ilich
t hod rovi di eI ectri cal

oharfRERHL 81 B A O SL RO S\ el Cal

bondshutivaea t&aﬁsd}ﬁtm@oi a spbeivitdearslis Fixt@leesit 4 haallle substrate is
re coafling, exenplary nmet hods |nclude but are not
9P ted to, "through

[0116] While polymer compositions of the present invention are photodefinable by
and through imagewise exposure and subsequent pattern development, in some
embodiments it can be desirable to provide a non-imaged film. That is to say a
layer or film that does not have a pattern formed therein or structures formed
therefrom. Such non-imaged embodiments can be provided using the above
described image development process where either the imagewise exposure is
performed as a “blanket exposure” (all portions of the film are exposed to the
actinic radiation) or where the film is not exposed at all to such actinic radiation.

Where such a blanket exposure is employed, the image providing processes
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chip vias" or "edge netallization". [0113] Stil
referring to Fig. 5, it can be seen that substrate
wQ2@;7/1be26 Nng bondi ng pads 225 overlyi ng an upp€r/US2007/007029
surface thereof, is electrically and fixabl ycoupled to
chip 340. The fixable coupling is the result of the
bondi ng of chip 340 to substrate 220 through pol yner
portions 380 and the electrical coupling through
conpressed sol der balls or bunps 365 to effect such
coupling of bonding pads 225 and 344. It should be
noted that in sone enbodi nents of the present
invention chips 340 and 370 will be first coupled and
then second coupled to substrate 220, while in other
desczihsdghavs: withowtiadgveloping sepl will provideacBsly ¢ured film.

Whe28Rlo08:65bshft td Q4thiR r‘éﬁiaﬂﬁ)ﬁ%ous%ﬁd el‘?l@ur“%é %f%gggllr AL811 then be

220 in"a single process ter nat
by osliathermealapocesm TFhus ana’ppcmqndmednamdlaﬂ mw Ishmonfd:ally forms a

catagﬁg Fllhiga &%B&EHIth 7le [tglld'lll%gém { grﬁ?g%%rﬁtohs xgclug%%h?he
polynterdnipdsitinotaad ﬂlb&mrhi@teﬁrﬂimdimmbnd eiheéd edjustediiiffound to
be nEeBRGRTRETRAT cuPORLd B2l {8 SR U e SR e hctude
the d¥ugm Galtss haldgeinlcokitaimnilg ReinyHunad HARNASHRE $910ah above and

for electrical coupling, Specificall
suita Uortil o5 Seeienr sl ik gr:ﬂgraaaragnafﬁsi bt pemot

limitelderog &ida2oide, Hfn émﬁﬁﬁg§ Md Rrh
sol.der bond pags gg,c WO 20077109326 P /USZOO 71%%)70%@’
ammppium, galtse aphiydridess polvswiidesy polymereantens. phanmisl aagboxylic

acidd, Iﬁ&rﬁhld&nQuE{e&ﬁa@ﬂm g@%ﬁﬁ’uxﬁ 1sSahdlc BHﬁJ’mLﬁ{)@sb{l'}%reof

coupl ed to substrate 42 rough at t achnent
Flnauzoﬂwhpzé}d be nateed s vehare acnemdmaged et Esrpmbaﬂéiﬂ such film can

ve pifisioa i 6ol EHOR b REIIS e paepyne

procegs. shieat isftp ggy ghat/s lwmfcmplpotéi‘éhlstfmmdiriplbxand)enﬂlspaﬁféd over
440 .t

o cuttBhor P ERP1EAL"A BERE Romled o B hospreniddar ammd i

undepbzdngnén ltnagedddybr etchelily dmyd appropricddyesmupl ed to
chip 440 t hrough polyner material 480. Such fixable
[0117] niPrepranplec seferdng to Kigi % ¢rabpdimentsiin agcortamer thh the

| prese?ﬁ"sihom e el ad?éxﬁﬁgﬁ %?@u}%ttﬁeﬁﬁaclpc? t\'rg éxﬁp @#Fé depicted.

0115 Advantageous ner.s use
As sWymbs@r@ﬁ@ég tib gpgpledmpl swmd:ondueﬂdnedbmmﬂeSomafd1640

o 30 EAHB 500 AL LR PELA R 0 ot
thlnm@prd)cpss,emaetdvdayuﬁhee blfievafat 540 is positioned facing substrate
520. Alternately, where such embodiment is a wafer planarization process, the
active surface of wafer 540 is positioned facing away from substrate 520.
Generally the bonding of wafer 540 to substrate 520 is accomplished without
imagewise exposure but either a blanket exposure to begin the crosslinking
reaction within the polymer 380 of if polymer 380 encompasses a thermal acid
generating material, as previously discussed, no exposure is' made and the bonding
process is initiated through thermal means. It will be understood that after the
completion of such processing, wafer 540 can be separated from substrate 520
through the thermal decomposition of polymer 580 as described above. It should

be noted, however, that where an appropriate time for.such decomposition is
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deconposition of the cured/ bonded material. Thus it
has been found that where such materials are heated
WO eood/10spper at ure i n excess of 425C for an apprPET/U8L087/007029
period of tinme, such polyner material can thermally
deconpose to leave virtually no residue. It will be
under st ood that such a characteristic can be useful in
the chip stacking enbodi ments of the present
i nvention, previously described, in that such a
characteristic allows for the recovery of val uable
sem conductor die and other materials should such
recovery becone necessary However, such
characteristic al so ovides for alternate embodiments
descrihedesurh/iimg will bamdalictionbyhin pettiveant pavb thebsickaesssof layer
380 &id e 2§Q?ﬂ%%%?%3ﬂa fixture or a handle substrate is

require il e polyner conpositions of the

[0118] p I'EB€Bbatedy paitbAtdadevelopeadsid Bakleribks ol bRERHIthvention
ewi se exposure and subsequent pattern devel opnent,

haVe|S|J11 gb‘ﬁ’é Prepeiéies ush asia loyg dielectgieseonstant, low proisture a
absogﬁibri rfBﬁEﬁ!néésl E}az-gri"églsté}cteoco ﬁnts,I AYEhdREsibh gﬂérggther

oes not have a pattern orne ereln or struc
PTOpEGiase aPOlvn@feﬁlm@ﬁﬂNlMHeﬁ@rsqmgé mmpmmssamameﬁd in the

fabril4Q¥h @?%%ﬁb&gc{rgﬁlca@axges %%% hpsgg{j dEHB %gl Og ment

process Where erther the expo
lnterp@mlifmtmd and fine &taamestsuehpassumebv(aal dre peqmnrenh.s of the

m ar ed t actinic radi ation) or where
(01191 | LAYt o gﬁi%{%fg&%@e Fipabip Polymen s AmpOR tians in acoordance
with 1€l badse@ P inveRRILartt Eired eﬁlcﬂﬁﬁ%m‘%ﬁﬂgg 55 f 'lﬁ‘nsedggl Eures

the i mage providing processes -35 WO
madqowmséeelw@@‘ﬁ@zbscrd@% hersin, gsther withitbeir agsociated

substSﬁﬁé@l R G fst %co%bheﬂs% éjigct?g:fall‘ lah&/octl“glgar&lawﬁﬁ}{lces as well

ere no exposure to actinic radiation
as a vani¢typlotptoplectionie devices et doa bé:ryef'm‘fh'(ymathbﬂ"ﬂghaémperature

te,materi al
stabifibPEET o U pAbeBRE SPLud Bup®: fis®: ahd rupruges hpgere
formadi.ls dntsharamdmpl‘amy lemlméha?]ealts; sthe electiioal atdr h{lcfcfbgectronic
. pol ymer._conmposi tign..an e curin nper at ures an
devigld AR emi BN ipior AV iGRa It oo lueBEh Fyrbodiments, ghe
electnuaboﬂ tlectrohiy deviceSutd edlkételifeomR ibutbtl liIGERRT &, b68ic chips
de the oniymsalts, gal ogen cont ai ni ng corrpounds

such gﬁdm%‘i’l?r&r‘?ﬁf%g Dips: £ BRIV BBV SN MEBPDASRIESt her al
micrédlectRgmagRahizabk dystt@xﬁr(‘MEM‘S) Qhﬂﬁnﬁrrﬁfc?&?’pt’o@féc%e&iéhlcal

not limte I m dazol es, primary, secondary,
SysteﬁhMMSar shipwnd epplgatien ﬁH?‘}dﬁcaWﬁQBﬂatﬁﬂ eigeuit (ASIC) chips.

In stlgg‘ﬂ‘lgf( §Q@I§pl£9'| Wb dintlSis, HACKIRLARE ABViceBRERR LS display
devices, 'llght emitting diodes and plasma devices are included.

[0120]  As will be seen in the following examples, provided for illustrative
purposes only, embodiments of the present invention provide for polymers that
can be tailored to provide the specific properties and characteristics of a broad
range of applications. The following are structural formulae of some of the

materials used in the following examples.
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aci ds, polyam des, quaternary phosphonium salts, and
conbi nations thereof. Finally, it should be noted

WO b@v/1043e6 e a non-inmaged filmis prepared, suchCT/UB21007/007029
can be patterned using any appropriate
phot ol i t hographi ¢ i magi ng and patterning process.
That is to say that a layer of a photoresist materi al
can be di sposed over a cured non-inaged | ayer, a
pattern fornmed in the photoresist |layer and the
underlyi ng non-imaged | ayer etched by any appropriate
means. [0117] For exanple, referring to Fig. 7,
enbodi ments in accordance with-the present invention
that take' advantage of such thermal deconposition are
depicted. As substrats coupled to
sem conduct or te or wa 4\ through pol yner
mat eri al 580. [
waf er thinning pro
540 is positioned f

process, the .actkve surface of wafer 540 is
"‘RA\ i oned facing away from substrale 520.
ondi ng of wafepy54®Q\to substratk 520 i
aconpl i shed wi t hoy 3 i

bl aRket exposure to t he crosg\i nki ng
wi t hfaHshe pol yner 3 if poly 380 enconpasses
thermal acid generating material, as previously
dadeeytNBsed, no exp®BMBe is' nmadevieBsBt he bondi ngecyl NB
process is initiated through thernmal neans. It wll be
understood that after the conpletion of such
processi ng, wafer 540 can be separated fron1substrate
520 through the thernal deconp05|t|on of pol yne
as described above. It should be noted, howeget Rt
€ an approg -te time for- [

/[ a 409328, PCT/ US20
£ will belon of , ¢
t hixckness of 380 and t
3}, The coated, \patterned, deve| oped, and curft~qgcy,
fil of the presensidnvention hawg superi egco
prhperties such TTRFMI el ect rif| colSetant , | ofEHs
isture absorp |oocH;oughne§§5°cr A, resi stance to
solvents, and adhesi on anong ot her properties
Fodyer films gdils at | east sepgyef these propﬁggkgs
are useful in the fabrication of m croelectron

evi ces where hi gh-density packagi ng,
[ and fine features such as m crovias

. b
i nent part, the

e of wafer 540./C2H4

o t erconnecti on
' OC,H
Si< i
| OC,H;5
OCzHs SIE4675 5,6 Epoxyhexyltriethoxysilane
OCHj,4
CH,=—=CHCH,——Si———0CHj,
OCHg SIA0540  Allyltrimethoxysilane
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[0119] Layers fornmed from phot odefi nabl e pol yner
conpositions in accordance wth the present invention
wane7amses and patterned |ayers, films and strRCT/USES7/007029
made using the nmethods described herein, together with
their associated substrates, are useful as conponents
of electrical and/or electronic devices as well as a
vari ety of optoel ectronic devices that can benefit
fromthe' high tenperature stability and/or other
properties of such filnms, layers and structures that
are forned. In sone exenplary enbodi nents, the
el ectrical and/or mcroelectronic devices are
sem conduct or devices. In other exenplary enbodi nents,
S—th(CHgL eet1Si@@C,Hy); el ectroni c devices are sel ect ed
fron1 but not limted to, logic chips such as

oce ps, passive devices, a menory chips,

m g#'ggﬁect ﬁ@%&gﬂ cal BisE3-<tmigthexBilebprpylldisulfide
AnﬂﬁS@mmﬁﬁﬁﬂB@ﬂmbnechanlcal system (MOEMS) chi ps and

application’'specific |ntegrated circuit (ASIC) chips.

In | ot exe Ghint s, opt oel ectronic
evi ces &ich as arspl ay § Ilght em tting :
oZ_d\odes and pl asma devices fre |ncluded [0120] As wi |l

seen in the foll owi ng ex@Hpl es, proy . qdeg fsﬂ'i;uest
illustrative purposes only, embodi menfs of the

Q§§£;$sent i nvention provide for polyners that can be

P (de the specific properties and

char a St a—Qroad range of applications. The
following ae stfucturs Iae of sone of the

mat eri al s useo

n the follo ) -37V\D
1’4_%'987{16 932 IBE%/ %géﬁ%%& ‘Zl}e% g@% 10H2

ecy NB CZH4 CBH12 ! ,1CIZH3
| t ~OC2H5 HSCOO CH3 H3Co/ | CZH50 zo OCH3
0C2H5 EONS TVSNB TESNBEMSFNEL ESC2 H5

Polvmer Synthesis Examples:

Example 1

[0121] A polymer encompassiné phenethyl, glycidyl methyl ether and decyl repeat
units derived from phenethyl norbornene (PENB), glycidyl methyl ether
norbornene (MGENB) and decyl norbornene (Decyl NB) was prepared as follows:
An appropriate sized reaction vessel was dried at 110°C for 18 hours and then
transferred to a N, purged glovebox. The vessel was then charged with: ethyl
acetate (230g), cyclohexane (230g), PENB (14.17g, 0.071 mol); MGENB (14.0g,
0.100mol) and decyl NB (39.50g, 0.168 mol). The reaction medium was purged
of oxygen by passing a st.ream of dry Nj through the solution for 30 minutes.
After the purging was completed, 1.50g (3.10 mmol) of
bis(toluene)bis(perfluorophenyl) nickel (NiARF) dissolved in 8 ml of toluene was
injected into the reactor. The reaction mixture was stirred for 18 hours at ambient
temperature and then treated with a peracetic acid solution (50 molar equivalents
based on the nickel catalyst — 150 mmol prepared by combining 57 ml of glacial

+ acetic acid diluted with approximately 130 ml deionized water with 115 mL of 30
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SI OC 2H5 OC2H5 Sl E4675 5,6 Epoxyhexyltri ethoxysi
| ane OCH3 CH2=CHCH2-- i i OCH3 OCH3 SI A0540
wa@bdoylogsperet hoxysi |l ane -38 WD 2007/ 109326 PCT/US2007/007029
PCT/ US2007/ 007029 S (CH2)3 Si(OC2H5)3 f S (CH2)3
Si (0C2H5) 3 Bis[3-(triethoxysilyl)propyl]disulfide
A-1589 or SB 1824.6 OCH3 Sm-OCH3 O i OCH3 A-187
Sil quest CHDVE 1, 4-cycl ohexanedi net hanol di vi nyl
et her EXAMPLES Pol yner Synthesis Exanples: Exanple 1
[0121] A pol ynmer enconpassi ng phenethyl, glycidyl
nmet hyl ether and decyl repeat units derived from
phenet hyl norbornene (PENB), glycidyl nethyl ether
nor bor nene (MGENB) and decyl norbornene (Decyl NB) was
wt. 99 h&des @@h perdxatié ditated Aithaqprorithatety 100ad] dematizahwater) and
. ve sel dr| i t 110C for 18 hours and then
stirrqd, H‘OPB “ﬁ%rged gl ovebox. The vessel was

[0122] | %sthnagpg%gtﬂf&&ﬁ%&gb 6}}5{8%%1% %@E@)\ﬂ? Yz%le‘i’é‘?a(éé‘;?arate

The qiéiisdhyenwas deety kerhleéd% anddbe r@naﬁﬁngmb)venTHeyer washed

e RS 7 B0 ML Bl o B AR R BB P seine

for %meutEh&ImWﬁimeVlaﬁex&amﬁephﬁﬂﬁ ahd5hen (rém_b@m’gn:ﬂ@ aqfeous
layerdI i]é% ‘,&{%ﬁ”& l)ﬁggls( p?%;ér?\gfgﬁﬂ%gxn%ﬁkiedntlocgne lexées's%'?‘@cetone to
precipitate the polymer which was recovered by filtration and dried overnight at
60°C in a vacuum oven. After drying, 66.1g of dry polymer (92 % conversion)
was obtained. The molecular weight of the polymer was determined by GPC
using a polystyrene standard and found to be Mw = 105,138, Mn = 46,439 with
the polydispersity (PDI) being 2.26. The composition of the polymer was
determined using '"H NMR, and found to be: 20.2 mole percent (mol%) phenethyl
norbornene; 29.1 mol% glycidyl methyl ether norbornene and 50.7 mol% decyl

norbornene.

Examples 2-4

[0123] The procedure of Example 1 was repeated using the amounts of the several
monomers indicated in Table 1, below. Appropriate amounts of solvents and

catalyst were also employed.
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injected into the reactor. The reaction m xture was
stirred for 18 hours at anmbient tenperature and then
wo p@atiess2aM th a peracetic acid solution (50 noPer/Uus2007/007029
equi val ents based on the nickel catalyst - 150 nmol
prepared by conbining 57 ml of glacial acetic acid
diluted with approximately 130 ml dei onized water with
115 nL of 30 -39 WD 2007/109326 PCT/ US2007/ 007029 wt.
% hydr ogen peroxide diluted with approxi mately 100 m
dei oni zed water) and stirred for an additional 18
hours. [0122] Stopping the stirring allowed the
aqueous and sol vent | ayers to separate. The aqueous
| ayer was then renoved and the remaining solvent |ayer
washed three times with Sablail of distilled water by

+|rr|nm or—20 mhllfQQ

aadTT a—att of—water ot
gx Al ovy%omfrﬁ %ﬁ?ws tlo sepdecatewaghd t hen rcampvsmg ('lmamz)
X Heous ThC washed-sol-ven Ia¥4rr___maLt
agfféﬁN B¢ P&H‘ MGENR | Met gneMio | gREC] Fletdie | h@NB MGE NB

oty et vgrb—{h 5o egeveres by—filtratton and dried
2 ovearﬁrﬁl glpt —w§% as3yREYuga.gyen.2 Af { ersgf Vi Ngo266. 1356
g &'5dry Y6Pyine P°(792 % conyersion) wap obtained.”Th
NOBEeU fr 2 3€1 [0z g t{hepolfymer—was—deterihetby
* lusiogng alpEdyst Yogne JtERea] d2ad f eund|t osde Mw 65 30.1
105,138] Mh = 46,439 |with [the pol ydispersity (PDI)

e
che
A

4 beipg 2| 76:35 The 28npgsj.t he ,pol ymer _ was
det er m etidais ng-l6H Il (,gp daf”t’ 123 be: 0 3| fble| 329
percent——(mot9—phenet-hy ..crbornune, 201 npl 04

I rne % d
[0124] go‘? orﬁ%éng? ¢ Ek %tg]gf?qﬁp ‘?‘% ‘Phe° W@éﬂﬂpé %amed for
EXEWBIQBAAM Sg&ﬁerhtye;ﬁbd lyﬁlegg(SPh% cftib lmg_ﬁlsgpfwafs Redtained; and for
s i ndi cated i e el ow.
oAbl FO65 T e oo (B3 YA anveinian), vhs btaned.
al so enpl oyed. -40 WO 2007/109326 PCT/ US2007/ 007029

Exadigfless 1 Mononers grans Ex nol es Ml ecul ar wei ght
Conposition (1H NVR) Decyl NB PENB MGENB M My PDI

[0125] DeaylolpBePENEONBEsINB phenethyl, glycidyl methyl ether and decyl repeat
units derived from PENB, MGENB and dodecyl norbornene (Dodecyl NB) was
prepared as follows: An appropriately sized reaction vessel was charged with
toluene (118.5g), methyl ethyl ketone (MEK) (23.0g), dodecyl NB (11.9g;
0.045m); MGENB (4.1g; 0.023m); and PENB (9.0g; 0.045m). The monomer
solution was sparged With N2 gas for 30 minutes while stirring to remove
dissolved oxygen. After the sparging, NiARF catalyst (0.845’g; 0.0018m)
dissolved in toluene (12.0g) was then added to the reaction vessel using a cannula.
The polymerization reaction was conducted at ambient temperature for 6 hours
and then treated with a solution of de-ionized water (100g), hydrogen peroxide
(50.0g) and acetic acid (25.0g) to quench the polymerization reaction. The
resulting two phase reaction mixture was stirred at ambient temperature for an
additional 18 hours to remove residual catalyst. The stirring was stopped to
permit phase separation of the organic and aqueous phases, the aqueous phase
decanted and the organic phase was washed 3 times with 200 mL of de-ionized
water, 50 mL of THF was added to the first water wash to aid in phase separation

of the aqueous and organic phases.
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33.6 5.06 14.0 2 0.15 0.025 0.077 33,762 84,631 2.51
58.3 10.2 31.6 35.60 2.36 12.63 3 37,392 92,452 2.47
WG 3004/160326 30. 1 0. 15 0.012 0.070 4 0 71.85 28. BCROSHHB007029
61,937 2.13 0 67.1 32.9 0.36 0.16 [0124] For Exanple
2, 49.2g of dry polyner (90 % conversion) was
obt ai ned; for Exanple 3, 44.8g of dry polyner (89 %
conversion) was obtained; and for Exanple 4, 93.0 of
dry copolymer (93 % conversion) was obtained. Exanple
5 [0125] A polynmer enconpassi ng phenethyl, glycidyl
nmet hyl 'ether and decyl repeat units derived from
PENB, MGENB and dodecyl nor bor nene (Dodecyl NB) was
ared as foll ows: appropriately sized reaction

[0126] ;o dhe pafme I’Y‘éﬁ’sgr@&"wfleﬁ by Brasapisatian stggj00thaxlngf methanol.

The g&&)ﬁgltlﬁ;&pﬁﬁl& B@}')mérz\%aQ 9%00\)%;99(2 ‘rf%rl fﬁ)l%l%é éd?&d in air and then

undey B STRE GaNOHE Houshl 44 P ai(o4ekh spaid o sl paiggaasvas
n [ %
Fec e R B 2T, Dl R 2 33 RheCopiPfign by '
NMR. mﬁ:@nd th be dbdecjyh NBYMGJENB/EENEQ@M&&&B $hen added
to the reaction vessel using a cannula. The
ol rization reaction was conducted at anbi ent
Fx g&ﬂé ature for 6 hours and then treated wth a

[0127] %&%@%a?o gous e?g%]ﬁegid Otwa ég‘ g§100 dr oxgwé eg?:cr)r%)l()iagging
phermlhylt;repoxyxtdcoyl arebdédyd ﬁepa’ektamltseamwdwgro&ﬂwmsepoxy octyl
react i tur irred at apbi ent tenperature
norbpfpcas (I fifar A HourEPrep SRS E e ETaipmEr Fatio of
40/3080tesplectivlly. SI03.44 (96.095 yidlappedotia pdI¢hdt tvddR36vered (Mn
==29£68grat|on of the organlc and aqueous phases, the

MY Bhifsd60RRARM £a5and herrorepetice windetepméned, by 'H

NMl!a/aﬁhB@lP@NBI@@N\B/&l@oﬁlOLQBnﬂm/@b/ﬁdE ionized water, 50 niL
of THE was ‘added to the first water wash to aid in :

- phase separation of the aqueous and organi c phases.
- Examfile D 2007/ 109326 PCT/ US2007/ 007029

[0128] In an alternate process, a 300 gallon PFA lined stainless steel reaction
vessel was charged with 25.4 kilograms (kg) of PENB, 17.0 kg of MGENB, 22.8
kg of Decyl NB,.261.0 kg of cyclohexane and 261.0 kg of ethyl acetate. The
reaction mixture was then warmed to 30°C+/-1°C with stirring. After the
temperature stabilized, a solution of 1.228 kg of NiARF dissolved in 29.48 kg of
anhydrous toluene was added and a reaction exotherm was allowed .to raise the
temperature of the reaction vessel to 45°C where it was maintained for five hours
additional hours. The reaction mixture was then treated with a solution of 33 kg
of acetic acid, 62.3 kg of 30% hydrogen peroxide and 71.8 kg of deionized water
with stirring after which the mixture was allowed to separate into an aqueous
phase and a solvent phase. The aquedus phase was removed and the solvent phase.
washed three times with a water and ethanol mixture (129.3 kg of water and 55.4
kg of ethanol) while maintaining the reaction mixture temperature at 50°C. The
resulting polymer rich solvent phase was then treated with a mixture of alcohols
to remove unreacted monomer, cooled to 4°C and the upper alcohols layer

removed. The product was then recovered as a solution in 2-heptanone (MAK) by
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[0126] The polymer was recovered by precipitation into
7000 nL of nethanol. The precipitated solid pol yner
wore7nesevered by filtration, dried in air andp¢hes2007/007029

under vacuum at 45C for 48 hours. 23.5g (94. 0% vyield)

of solid polymer was recovered (Mi = 35,581; Mwv =

80,273; PDI = 2.25). The conposition by '"H NWMR was

found to be dodecyl NB/ MGENB/ PENB (41/21/38). Exanple

6 [0127] In an anal ogous manner to that of Exanple 5,

a pol ynmer enconpassing phenethyl, epoxy octyl and

decyl repeat units derived from PENB, epoxy octyl

nor bornene (EONB) and decyl NB was prepared using a

nmononer ratio of 40/30/30 respectively. 203.4g (96. 0%
solveneerphageesmd epnseningtad b yapeemvdistitlativg to-appeogigmtely 50%

pst, eSS F oo S RN i, 1 o

analysis JodBetedhengdro pPsitionad] therpadymar te hase énpompoestsd: 41 mol%

' tai t.egl act i.on . vess
PENE 2 SRIGOINIGEND 958 S Bolumaten BB TREBa8 s SR wes
foundf toNtgENBNn=33, 1378 Mivg=19,6 T cytld Ry dplrsitk dnddx (PDI) =2.13.
cycl ohexane and 261.0 kg of ethyl acetate. The
reaction m xture was then warned to 30C+ -1C with
Example8ng. After the tenperature stabilized, a
solution of. 1.228 kg of .Ni ARF di ssolved i.n 29.48 kg of
(01291 20 ot oBpigI e nHianysie] Mot Sbigeetiivad 5v Rlatirane
(403vEE), ethydvaedtdto \ﬁ:ajs )} Decyl mqo@s{ztagagﬁo.;zﬁ 4&?_9 MG@Nh B @D9.74g;
€ss r t . was mmintaine or five hours
0.164537 BraV ATTAT By Bl e et e D) (5,845
0.041 rH2T8E Hbhbmar S61uHdrPRa9Ep Az elOuitAINRGEE if6r 86 rfinube: o
kg of 30% hydrogen peroxide and 71.8 kg of deioni zed

remQy dissolyedPXigefr i ng after which the m xture was :
allo t 0, separate i nto an agueous hase. a
to130] 3 4 R0} SuBEP 4R ety T i siiEed AR SudRh forphst 4448
0.0092y einid tolhaate (40008)) @dniaphetc istif®ar Wdshadledeiotthe3Rfum vial,

. et hanal mxtluieané129.3 h% of water and 55.4 kg of .
which HERHHSE SIS SRETRTAVSATEORHBe alars POR. R cafalyst solution was
stirré@fw@whﬁte%tto%%f@@ diSsotvE ithE cRAIYITRA the ¢Muene. The

sol vent phase was then treated wth a m xture of

catalystwias taen gddedie themangmarsolsiiorwsingashpauleo TG and
polyii24PRa reat G0N % é&%ﬁj:ttecf &e%sggqﬁ@&ge&{tﬁﬁéimgvﬁgvm.

then recovered as a so lon In eptanone (
[0131] - 42 200 6f HeY%dADzIICHatdp188F/583F ORDdrogen peroxide (207.78g) and

acetic acid (110.0g) was prepared. The aqueous solution was added to the 3L
reactor to quench the polymerization reaction. The 2 phase solution was stirred at
ambient temperature for 18 hours to remove residual catalyst and then stirring was
stopped to permit phase separation of the organic and aqueous phases. The
aqueous phase was decanted and the organic phase was washed 5 times with 1500
mL of de-ionized water. 50 mL of THF was added to the first water wash to aid in
phase separation of the aqueous and organic phases. The polymer was recovered
by precipitation into 7000 mL of methanol. The precipitated solid polymer was
recovered by filtration, dried in air and then under vacuum at 45°C for 48 hours.
60.0g (69.0% yield) of solid polymer was recovered (Mn = 47,944 Mw = 148,404
PDI = 3.095). _
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sol vent exchange and concentrated by vacuum

distillation to approxi mtely 50% polyner. 61.5 kg of
w@oloymea32q 94% t heoreti cal yield) was obtai ned. PAHUNYR7/007029

anal ysis indicated the conposition of the polyner to

have incorporated: 41 nol % PENB, 29 nol % MGENB and 30
nol % Decyl NB. The nol ecul ar wei ght was found to be:

WMh=33, 137, Mn=70, 697, and pol ydi spersity index (PDl)
=2.13. Exanple 8 [0129] An appropriately sized
reaction vessel was charged with -cycl ohexane
(403.7g), ethyl acetate (403.7g), Decyl NB (54.80g;
O 234m; MZENB (29.74g; 0.165nm); PENB (21.78g;
0.110m and trimethxysilyl norbornene (TMSNB) (8. 84g;

Examp)lfe?srg-llThe nononmer sol ution was sparged with N2 gas

for 30 mnutes to renopve dissolved oxygen. [0130]
[0132] 5 Fhewsoerdure odHxaseplgrht Wasirepeaied Meing emlﬁumwﬁih

monbiHedl Y&&lcst%d‘liﬁgl‘ablg 20 ggfﬁ? i{}%r&ﬁrllgt%%ngﬁgtsqg‘) sol\a%nts

magneti c stir bar was serum vl a

e several

and

catalyst werne alseethplbyedcandeannett df indive tthieleg b vdtepate stiyé ether
norb%%ap/ % ln%g*laelilt\llgx% 3 1nSeta|c¥1aq )%ar{lﬁ?’et% 'FL:F&‘ Pea?s itd%ntliﬁuesd in the

ssol ve he ca uene.

key ﬁrﬂlmlvygthmaabtehen added to the nmononer sol ution using
a cannula. The polynerization reaction was conducted
at anbient tenperature for 5 hours. [0131] A solution

of de-ionized water (349.56g), hydrogen peroxide

(207.78g) and acetic acid (110.CQg) was prepared. The

aqueous solution was added to the 3L reactor to
guench the polynerization reaction. The 2 phase
solution was stirred at anbient tenperature for 18
hours to renove residual catalyst and then stirring

was stopped to permt phase separation of the organic

and aqueous phases. The agueous phase was decant ed

and the organi c phase was washed 5 tinmes with 1500 nL

of de-ionized water. 50 nL of THE was added to the
first water wash to aid in phase separation of the

aqueous and organi ¢ phases. The pol yner was recovered

by precipitation into 7000 nL of nethanol. The
precipitated solid polynmer was recovered by

filtration, dried in air and then under vacuum at 45C

for 48 hours. 60.0g (69.0%yield) of solid polyner

was recovered (Wn = 47,944 Mv = 148,404 PD = 3.095).

_ -43 WD 2007/ 109326 PCT/ US2007/ 007029
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Exanpl es 9-11 [0132] The procedure of Exanple 6 was

repeated using the anmounts of the several nononers
wopai7aedsee in Table 2, bel ow. Appropriate anourdBHUS1007/007029

solvents and catalyst were al so enpl oyed and as noted

in the table, an alternate silyl ether norbornene

nmononer were used in each of Exanples 7 and 9 as

identified in the key followng the table. -44 WO

2007/ 109326 PCT/ US2007/007029 z z o a~ 00 wN z w

OO 00 CONN (; UNa -- hMOO CONMN bAO

OO ¢c. 3d00O0OO0O 00 vVvio0Ovi NV NNmMm CC 00do
0000]zFf m
- &
2 1= 5 o °
= | =
z, L+
e
3
jas]
S Z, oo N
g E o o~
o
2
o | 2
S | @ % ®
= o ~ N
-2 =
2
& | M
£ Z -
— [
8 (>>x o <t
[
a
Vel
5 138G R
= n-‘t,;cxlmc\l
ey
[
> S 8188
= b= I VO 1 O IV
~ |3 I v v |en
ol |2
= I = <+ o lo |o
= =« I IS e |2
[ b= It S oS IS e
~ oo |« |
<+ o |0 (oo
[an]
Z
> x
(> N kA
-~ * ¥ . o~
(N N R R Ot %
-_— o~
z s
= | o
S =) =
E z @ <
g 1)
1o st S jlvn Jn | VJEUJ‘:
= "I N [en eV NP"[-TJQ
s A 1 8
f~4 Y o & B
N = 8
- R - ™
Q egﬁo
o | B e
[ m °og
& Z / N =
Q i o |lo o |lo ;\HO_‘:
g 5] o jen (en | o © L I
© "E‘:s“’
s | = S w8 3
s 2 g
= J § % o3
S v le le |2 5 =2 5§ <
R SR
& S B & E
oerd IR " N TR U
1 I o B~ S
R
L;-% o |on |2 |2 o . X
*
M***

45-



**?2~w 0z~ 0 tninC amdD NmmNC E pCO
O at: O aa) ICJa awOOOOO MMmMmMPp) o .~

wd270082@) CQ ~' k ~ X z O2 ON MN S-- N pel/us200k007029
00 O- O3F dF i F -45 WD 2007/ 109326 PCT/ US2007/ 007029
Formul ati on and Process Exanpl es: Exanple A [0133] An
anber w de neck bottle was charged with 101. Qg of a
pol ymer solution prepared as in Exanple 5 and 50g of
2- hept anone (MAK). The solution was m xed wuntil the
solid polyner was conpletely dissolved and then
filtered through a 0.45 mcron filter to renove
particles. To the solution was added 2.008 (1.97 nmol)
of Rhodorsil (r) "2074 photoinitiator, 0.60g (1.97

Forfiihiiof fandPe6ledss HxampideX (Lambson Goup Ltd.) 0.137g
(0.688 mmol ) phenothiazine (A drich) and 2.657g of
I rganox 1076 (5.00 mmol). The solution is m xed for 18
EX%BF*SA: 0 conpl etely disperse the photoactive
ounds. [.0134] A 5 inch oxynitride coated silicon

[0133] vva ambeg wlﬁe @Sal(c@@twp waschageest withel101.0g of a polymer solution

~ prepared as in Example 5 and 50g of 2-heptanone (MAK). The solution was mixed
until the solid polymer was completely dissolved and then filtered through a 0.45
micron filter to remove particles. To the solution was added 2.00g (1.97 mmol) of
Rhodorsil® 2074 photoinitiator, 0.60g (1.97.mmol) of Speedcure® CTPX
(Lambson Group Ltd.) 0.137g (0.688 mmol) phenothiazine (Aldrich) and 2‘.65 g
of Irganox 1076 (5.'00 mmol). The solution is mixed for 18 hours to completely

disperse the photoactive compounds.

[0134] A5 inch oxynitride coated silicon wafer is spin coated with 4.0g of the
polymer solution. The resulting coating is first baked at 120°C on a hot plate for 4
minutes. The film is patterned by imagewise exposing to 300 mJ/cm?2 of UV
radiation (365 nm). The resulting pattern in the polymer film is enhanced by
second heating the wafer in a nitrogen oven at 90° C for 5 minutes. The pattern is
developed in a spin developer by spraying the film with cyclopentanone for 120
seconds to dissolve the unexposed regions of the film. The wet film is then rinsed
with propylene glycol monométhyl ether acetate (PGMEA) for 30 seconds and

cured for 60 minutes at 250°C under a nitrogen atmosphere.

Example B

[0135] An amber wide neck bottle was charged with 191.25 g of a polymer
material prepared as in Example 1 and 191g of 2-heptanone (MAK). The solution
was mixed until the solid polymer was completely dissolved and then filtered
through a 0.45 micron filter to remove particles. To the solution was added 3.825¢
(3.77 mmol) of Rhodorsil® 2074 photoinitiator, 1.148g (3.77 mmol) of
Speedcure® CTPX (Lambson Group Ltd.), 0.262g (1.32 mmol) phenothiazine
(Aldrich) and 3.73g (7.03 mmol) of Irganox 1076 (Ciba). The solution is mixed

for 18 hours to completely disperse the photoactive compounds.
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pol ynmer solution. The resulting coating is first baked
at 120C on a hot plate for 4 mnutes. The filmis
w@aiaossedl by | nagew se exposing to 300 ml/ cnRPOf/UkM07/007029
radi ation (365 nnm). The resulting pattern in the
polynmer filmis enhanced by second heating the wafer
in a nitrogen oven at 90 C for 5 mnutes. The pattern
is developed in a spin devel oper by spraying the film
wi th cycl opentanone for 120 seconds to dissolve the
unexposed regions of the film The wet filmis then
rinsed wth propylene glycol nononethyl ether acetate
(PGVEA) for 30 seconds and cured for 60 mnutes at
250C under a nitrogen atnosphere. Exanple B [.0135é An
[0136] amhdringhdxymitridehonated silicorcwaferad spin koaigd Wil 402 of the

po U BT TS ) BLABAE P REldH PP ERhon0, 90l

imagedlpalymelr ager. was conpl etely di ssol ved and then
filtered through a 0.45 mcron filter to renove
particles. To the solution was added 3.825g (3.77

Example)Cof Rhodorsil (r) 2074 photoinitiator, 1.148g

(0137 | Ay RerilF pacib BRI SRS 42 eE ORI Ry grerie
prepared3h in/ELFmpPT| Jandf37. 5 §dFOXhdStaAoh E(MMAK). TTRe SOlutidrOwas

i xed f 18 h to tely di t
mix oD SRR ESS SOBPID BoBRpalysdArd then itered through

a 0.4S|3i<¥|£{i&§%@1¥é%7&%90ve{ PArdfilledA To 1hRCIHIQHYA M ds! AlRIGORDEA0g (0.97

icon wafer is spin coated with 4.(? of the polynmer
mmaodh pfiRhedossi® 2 0ddphntesitiates, 9 Hes(G-¥haymph &%ﬂfﬁdéu,!\@

f ' I
CTPAL NG GOS0 (O3 BRI Lk, 0738

(13%oimyoiroasemaal 07p(G i E&m@hewi@ah@-%g(h&&oramflﬁm-
ey oS IO AR Sibiend SRS} R L35 (BRI 1o-

cyclélidxameatimtdthanughliviny . efbemilbesoldtion és mtined oV hours to
rtli c(ges. Tg%t hﬁ ol gti on was agdded 0.9840g (0.97
comBlgisly 4jfDdass it BRP RIS FARBEE N  t i ator, 0. 2970
(OA%s: . r & 1.0
[0138] (0 R SO Stifn Ster {o iR oy G p0gofthe
polyfner 38lutment pbove hndamosessod 8s des¢rabed fre Egample 4 t) form an

C . 46 . ) 3- glycidoxyl propyl trimnmethoxysilane
’mag%ﬁl%‘g?’%q,ﬁ%%pgol. 25 (6.36 nmol) 1, 4-

Example .D

[0139] An amber wide neck bottle was charged with 33.2g of a polymer material
prepared as in Example 4 and 47.6g of 2-heptanone (MAK). The solution was
mixed until the solid polymer was completely dissolved and then filtered through
a 0.45 micron filter to remove particles. To the solution was added 0.664g (0.65
mmol) of Rhodorsil® 2074 photoinitiator, 0.203g (0.668 mmol) of Speedcure®
CTPX (Lambson Group Ltd.) 0.051g (0.256 mmol) phenothiazine (Aldrich),
0.499g of Irganox 1076 (0.939 mmoi), 1.667g (7.2 mmol) 3-glycidoxylpropyl
trimethoxysilane (Aldrich), and 0.831g (4.23 mmol) 1,4-cyclohexane dimethanol
divinyl ether. The solution was mixed for 18 hours to completely disperse the

photoactive compounds.
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cycl ohexane di met hanol divinyl ether. The solution is
m xed for 18 hours to conpletely disperse the
w@b@raeaské ve conpounds. [0138] A 5 inch oxyni t PCTES2007/007029
coated silicon wafer is spin coated with 4.Og of the
pol ymer sol ution above and processed as described in
Exanple A to forman imaged polyner |ayer. Exanple D
[0139] An anber wi de neck bottle was charged with
33.2g of a polynmer material prepared as in Exanple 4
and 47.6g of 2-heptanone (MAK). The sol ution was
m xed until the solid polynmer was conpletely dissolved
and then filtered through a 0.45 mcron filter to
renove particles. To the solution was added O.664

[0140) ( 0AGS inamexynisndriseatsdsiilicern wadenisyirin sioatad withr4- Og of the
poly% %g‘t‘g%‘ gﬁgvg@h)p(Qéezsgg&%gﬁéggﬁﬁéé% cl)lgﬁgarztl{ﬂr‘}g'm&pﬁrm an

imaged] mlwotf)r Tayer dopt dhat] thgat‘mkbaba@va(scatgawmd) the exposure

} 3-gl ycidoxyl propyl trinmethoxysilane
ener%}&sxga“ céffogg{rw 831g (4.23 mmol) 1, 4-cycl ohexane
di met hanol d|V|nyI ether. The solution was m xed for
ExahfpRRUES No conpl etely di sperse the photoactive
conpounds. -47 WD 2007/ 109326 PCT/ US2007/ 007029

[0141] [ 0Tdble 3) el denoyBirhtesthe eoedstded Die Shirandtrengitsof test

in coat th 4, of the solut on above
samgfis Pﬁm%fgﬁgfga Siith Gt Ak weRe PliefpaBositions of
Exampbaes N Wway prepaxé® i tHdatanhbe of Bxainplbakexdas that the
at 110C -and the exposure enerqgémas at 400 mi/ ¢

spec@amﬂ&eleusewmim indippigddn the tahle s%ﬂeatfgﬁ amoynts of,
Rh038ﬁ§ U0 XD eRbafihzRk #1A0 Bafdx LeSd wesanial ﬁe&tpf,&pm&&ed of

for 'such neasurenents. Each of these I
the pRdiptssi 2i0s9s6.00- 14 Badnh P exespeetivelyg hWhemgtffﬂr@ﬁéﬂeﬁpsl Were
f I i
inclddis BPARPboRlpo IR e nfERRls SiFind fonffibled fe presented in
the é‘bé@utfqn@l Adolitives ofqlumhotibabhle, 3 beloxy (thisaabhentical stmectures for

the:s%%?)c/lme 3 d)l'l‘%gﬂig etTZ lﬂt Lgh @?@g%? ﬁ)?gw%(ls%é}%sented)

The DikeShead (Sttangeh; nvﬁsaremem‘swdmé parfmyed; casmrevtowly discussed,

._suc terials and res
using oo R Rl (B b PR 0P PEBTS haTHRe For both
presfiree the esstGan it it Weated @ 170°C and the pressure applied for 2
minutes. The measurements were made after the test samples returned to ambient

temperature.
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these additives are provided in the list of such
structures previously presented). The D e Shear
wekeoengdske neasur enents were performnmed, as prevPOLEE3007/007029
di scussed, using a | ow bond pressure, 0.1 MPa and a
hi gh bond pressure, 0.7 MPa. For both pressures the
test sanple were heated to 170C and the pressure
applied for 2 mnutes. The nmeasurenents were nade
after the test sanples returned to anbient
tenperature. -48 WO 2007/ 109326 PCT/ US2007/ 007029
Table 3 Die Shear Strength (MPa) Ex Pol yner from
Addi tional Additives Low Bond Pressure Hi gh Bond
(parts/hundred - Additive) Pressure E Exanple 7 5.0 -
- SI D4675 24.61 17.20 F Exa%i‘ﬁbﬁ 5.0 - SID0540 21.10
13.96 G Exanple 7 5.0 - A-1589 14.70 14.15 H Exanple

7 5.0 - SIB 1824.6 24.61 17.20 | |Exanp
70 88 1 Exanple 9 14 53 19 79 KNFynnmP% %%25%"@‘ (MPa)
ExaaneAmaﬁ&maBRmﬁﬁyaS I L High Bond
Ex Ef A¢EBE/MAIBA 20dd0veN §x ﬁ%’“sé’%&%‘% Pressure
=187 ) 24 [0Ya2] 1T, Shour d b
E not'éﬁ?“la‘éy whi | e tl*?éé)f éﬁ%i&lsenper’ture P or essute 1729
F uselglxafngmemrepari ngahslml es of Experdimnts E 13.96
LIII uugll |\| at DIIUI tet allu IUVVCI arrt. Vvildl TT1 glll )
G gen‘é’ﬁaall'1?197errpl oyed, 3fherdA8Ar strenqth riéphted is 14.15
H o,?,gm; fefhe p0| nts OQfSIgyg@;gate flai | ur ex4a¢yd not bond 17.20
aure—Thatit+s—te—say—the—poetnt—at—which—i-he
I rmtExanaileBei mg bonded fails but tHe bond2Rfes not 20.88
Furiher sinoul’ d be noted that T nal shear
J Str )’1(111?1?‘} %(‘hl eved through a full hond a%"‘%lra pr. '\Passlg"lg
K iSlbﬁK@&ﬁHEd to be higher then whgt is rip@tted in 17.41
Tabl € 3 [ 01431 By now i t—shoul d Qe undeySypod that
L th@*éWB&U[henns of the present i lvent i olf-1# esent 20.75
M ["etBadspibar Uskng R wigsce L hedgpgl ymer mogposi ti ons  20.60
N | Example6 | 2.5-CHDVE,5.0 - A-187 10.22 11.24

[0142] It should be noted that while the time, temperature and pressure used for
preparing the samples of Experiments E through N are shorter and lower than
what might be generally employed, the shear strength reported is close to the point
of substrate failure and not bond failure. That is to say, the point at which the '
material being bonded fails but the bond does not. Further it should be noted that
final bond shear strength achieved through a full bond and cure pfoc‘ess is

expected to be higher then what is reported in Table 3.

[0143] By now it should be understood that the embodiments of the present
invention present methods for using the described polymer compositions in an
advantageous and novel method. It will further be understood that such methods,
and the polymer compositions thereof, are not limited to any of the particular
embodiments disclosed, but rather that as such disclosure defines the scope and
spirit of the invention, such invention is intended to cover modifications of the
methods and compositions disclosed, where such are within the spirit and scope of

the invention, as defined by the appended claims.
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advant ageous and novel nethod. It will further be
under st ood that such nethods, and the pol yner
W@ eowasd3ké ons thereof, are not limted to any pET/URE07/007029

particul ar enbodi nents di scl osed, but rather that as

such discl osure defines the scope and spirit of the

i nvention, such invention is intended to cover

nodi fications of the nethods and conpositions

di scl osed, where such are within the spirit and scope

of the invention, as defined by the appended cl ai s.

-49 WD 2007/ 109326 PCT/ US2007/ 007029 Therefore, we

claim 1. A nethod of forming a chip stack conprising

a plurality of sem conductor die, such nethod
Thergfigsy 6 §1gimF or ning a | ayer of a norbor nene-type )

pol,ynme verl vi.ng _a, surf ace . sem co 1 fer, ..
1. oo S eing p ol A riisths § B  Sh Rt e o,
suchahethod omhpasiagl y | mage-w se exposing the layer to at

| east expose dicing streets between such

noferstingLa ayed ofiacorbprreneatyipspaliimes syvesiyapg paustce of a

e l | QR [ I . ‘o
semhfioS P14 SOREES LR ARty AT e i
f oppEoRally @ABE-wRERKPSSINGthRAAerd fRLitcloaiv@Pbsedicihg streets
nmet hod_ of thjnning_a.sem conductor wafer conprising:
betwespiuch non-sipgilaied digor bor nene- t ype pol yner overlying -
a rface .of. a sem duct.or fer, said surface
g'i%%u?é:tﬁbg gxep?%x}—a}r}%%ggtgﬁ &18 and

CONMPFrISI noh-'si ngul at ed di e;

OPiH 2R b presloMIbIRABXP AE 138t #4068 of 3UEH sidhtededittto one
renove any edge-bead non-uniformty; thermal

- anothenphese thmlayendormgs akbesnak epraprassionbord thesebetween. -
where the layer fornms a thermal conpression bond
t her ebet ween and t he opposing surface of the wafer is

2.  exposeghod dfthihAppiat@nidordutbidd wagertdoen@apasi ng surface
until a desired thickness is obtained for the wafer.

- 56MONZ00 IHYyED 98 260 RED USROG PeQiNPater erlking ahvudfask of a’

sem é’lg?%p‘r%{’ Solzrlnwggfe%nsa?g tslul\r/fgcese lEI:E)Inap(}:lesir?ffg, aaphsneaq}tgoo ry&r}-(s)lrngu afttgcrl die;
optionally image-wise exposing the layer to at least remove any edge-bead

non-uniformity;

thermal coﬁpression bonding the surface to a wafer holder where the layer
forms a thermal compression bond therebetween and the opposing surface of the

wafer is exposed; and

lapping or grinding the opposing surface until a desired thickness is

obtained for the wafer.
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formng a | ayer of a norbornene-type polynmer overlying
a surface of a sem conductor wafer opposing an upper
wamraes20f the wafer, such upper surface conpei/Es1097/607029

plurality of partially conpleted non-singul ated die;

optionally i mage-w se exposing the layer to at | east

renove any edge-bead non-uniformty; thernal

conpr essi on bondi ng the opposing surface to a wafer

hol der where the layer fornms a thermal conpression

bond therebetween and the upper surface of the wafer

i s exposed; and chem cal nechani cal polishing the

upper surface until a desired degree of planarity is

obtai ned.. 4. The nethod.of any of Clains 1, 2 or 3 . .
3. fufitRethod 8%&%“&1“6’&%839?%@5%31‘1@ arsrmicondyigr ¥¢dsr smprising:

bopded waf gr. t ature sufficie t he

el et 82 BRI bRk Bsrhying § ko a
semidendupes eyafich wpporinigenduppert die favef &f theSwafEnesundt inopbrafurface

wa

' . of i 1.. 2. . 4 th i .
compiiind! o phdaRy ot pirtall bome el Mok SpBlaifd e ner o

P “trpslears |

pagg W t ¥Iﬁﬁ§gch f;sF tagspéurgﬁlg%’%/ptgf gl gﬁa}r%g dif{:]i&ln)éedge—bead

non-gnifesmdty; 7. The nmethod of any of Clainms 2, 3, or

4
where the polyner is an aliphatic¢ or ycl oal i phat i
polFEEA GRRRFFIPREPIERM UL PRRISPASHEAES 8 aptPipiolder where

the Iapdr forms a thermal compression bond therebetween and the upper surface of

the wafer is exposed; and

chemical mechanical polishing the upper surface until a desired degree of

planarity is obtained.

4. The method of any of Claims 1, 2 or 3 further comprising heating the thermal
compression bonded wafer to a temperature sufficient to cause the layer forming the

thermal compression bond to decompose, thus un-bonding the wafer.
5. The method of any of Claims 1, 2, 3 or 4 where the wafer is image-wise exposed.

6. The method of Claim 1 where the wafer is image-wise exposed to expose bonding

pads within each of the plurality of die and dicing streets.

7. The method of any of Claims 2, 3, or 4 where the polymer is an aliphatic or

cycloaliphatic polycarbonate rather than a norbornene-type polymer.
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