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Description of the Prior Art
Wafer (substrate) thinning has been used to dissipate heat and aid in the electrical
operation of the integrated circuits (IC). Thick substrates cause an increase in capacitance,
requiring thicker transmission lines, and, in turn, a larger IC footprint. Substrate thinning
25  increases impedance while capacitance decreases impedance, causing a reduction in transmission
line thickness, and, in turn, a reduction in IC size, Thus, substrate thinning facilitates 1C
miniaturization.
Geometrical limitations are an additional incentive for substrate thinning. Via holes are
etched on the backside of a substrate to facilitate frontside contacts. In order to construct a via
30 using common dry-etch techniques, geometric restrictions apply. For substrate thicknesses of
less than 100 pm, a via having a diameter of 30-70 pum is constructed using dry-etch methods that
produce minimal post-etch residue within an acceptable time. For thick substrates, vias with

larger diameters are needed. This requires longer dry-etch times and produces larger quantities



Thin substrates are also nore easily cut and scribed into ICs.
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15The present invention overconmes the problens of the prior art by

broadl y prg,ﬂﬂ&@gwﬁgmafer bondi ng net hod whi ch inC|Ude%“ﬁﬁ%¥&%%§9£?

stack conprisin I'Tst and second substrates bonded toge
bondi ng conposition |ayer. The | ayer conprises a conpound that can be

ol i goner icongimipgliyreed@ingafbugizat. Fuetheeh®eliBduderod MetsbReadiPto the cost and
consisting of imde, am deim de, and am dei ni de-sil oxane pol yners and
ol i gomer SOMPIE PhEle Precespng dt e Reghazandays dpranding wPoR der sokyeahtoayired to

high to QQ%S@QHEQ%nEQEQQQQmﬁﬁﬂﬁr’ and then the first and second
at’ed.

substrates are separ The invention al so provides an

articl e conpr iAgiofigr imetigtd fondhosedignah sulys twadidres .a cRivéerfsubssitesinbyét o dfcemal
conprises_a back surface and an active surface, .and_the actiyv o
surface COFBF Al ARt LS REMESSIRE TV Ml ghaiiegintsy Eprsh fhe jrss Fave limited
t opogr aphhieialesd @aifinas. adb@ 88CRNMe SHHISIhAIL NBSrafe RRAMBIand® Bhis limited
surface, and there is a bonding | ayer bonded to the active surface

and to t heifoonti ngfeurinadenatyer piadhingvalay bandbiopprSesenst, diei thormes! selgnmy
po! ynmers, dl%iv% goﬁl&ﬁ ?SIcﬁg&g gen}prei)arfr&r%pl%alﬂﬁg Hohded Q%k’eﬁc!n@ r ﬁrbstlrﬂé Q‘Eck cannot
anlde|n13e, and. am der m de- si roxane pol yner's ‘and ol I goners.

I n a furwhidstasdivenly typichl wifbeprosegsing steps thet aeodmeesd @ aviiglier eenelaures. or
olig r (or ositions conprisjing this poly or oligoner, L
di ssdPved or APapGAeE Ay @Wéﬁ@gwgfmodéeﬂﬁ@?w@ a3 apibtere to a carrier
sel ect ed sﬂcllfsgﬂ‘ﬂettlﬁ@caﬁféﬁb!ﬂe%@}l?r&késﬂ% t&hper¥¥es and that allow for ready separation of the
2009/ 003029PCT/ US2008/ 0681 wherein: Ris selected fromthe group

consi st i mglesfind subghiete ai the RpprpRyiatestegstod dhefrosess.he group consi sting of
al kyl - substituted phenyls,
SUMMARY OF THE INVENTION
15 The present invention overcomes the problems of the prior art by broadly providing a
wafer bonding method which includes providing a stack comprising first and second substrates
bonded together via a bonding composition layer. The layer comprises a compound that can be
oligomeric or polymeric, and that is selected from the group consisting of imide, amideimide, and
amideimide-siloxane polymers and oligomers. The stack is subjected to a temperature
20 sufficiently high to soften the bonding layer, and then the first and second substrates are
separated.

The invention also provides an arlicle comprising first and second substrates. The first
substrate comprises a back surface and an active surface, and the active surface comprises at least
one active site and a plurality of topographical features. The second substrate has a bonding

25  suiface, and there is a bonding Jayer bonded to the active surface and to the bonding surface. The
bonding layer comprises oligomers and polymers, which are sclected from the group consisting
of imide, amideimide, and amideimide-siloxane polymers and oligomers.

In a further embodiment, the invention is concerned with a polymer or oligomer (or
compositions comprising this polymer or oligomer dissolved or dispersed in a solvent system)

30 having a formula selected from the group consisting of



X is selected fromthe group consisting of phenyl sulfones,

aromati cs, @J @ﬂ%&i?s and cyclic aliphatics; and Wheﬁﬁ?%khﬁmm6m7o
selected fPOM e group consisting of siloxanes and noieties
conprising ether bridges. The conpound further conprises an endcap
group derljved from a conpound sel ected fromthe group consisting of
aromati ¢ nono-am nes, alipha |q3nDnngn1nesz cycloyaliphatic
nono- am nes, and phthalrc anh
2009/ 003029PCT/ US2008/ 06817 NJV 8& HE DRAW NGS

Figure (Fig.) 1 illustrates the&inventive fethod t hi nni ng and
debonding two wafers according to the present invention; Fi g.
2 1s fl ow di agram show ng the typical process steps follomed in the
exanples; and 5Fig. 3 is a graph depicting the theol ogical analysis
resul ts @fhegiiondi ng conposition according to the invention. DETAILED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS I n nore detail, the

i nventive conpdspelecersirem iy grew ensisipeotind di spersed or di ssol ved 10
in a solvent system The conpound can be a polymer or an oligomer and
is preferably present in the conpos ign at Ievels of from about 1%

to about 70% by meight nore pref from abo W to about 50% by
meigh@, and eve ﬁllf; rably bout 15% t 40% by

meigﬂ based upgon thé t ﬁollgﬁ in t onposi tion
taken as 100% by wei ght . The preferred p Iynerrc o olrgonerrc
conpounds are thernoplastic and preferably have 15 a wei ght average
mol ecul ar wei ght oWh¢reigR apealicted ooo thograwreonsigingted atky Bodsdo®d phenyls,
Dal tons, and nore preferably from about 6,000 Daltons to about 50, 000
Daltons. Preferred conpounds preferably have a softening tenperature
(melt viscosity at 3,000 PErS) of at |east about 150C, nore
prefe{ably at | east abpu

200C*'1 0o about 250C. 2
preferably at |east abbut 98% and /evend

t about 95%
;and

X is selected from the group consisting of phenyl sullones, aromatics, aliphatics, and

cyclic aliphatics; and

(O

20
n

25
where Z is selected from the group consisting of siloxanes and moieties comprising cther bridges.
The compound further comprises an endcap group derived from a compound selected from the
group consisting of aromatic mono-amines, aliphatic mono-amines, cyclo-aliphatic mono-
amines, and phthalic anhydrides.
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nore preferably about 100% by wei ght di ssol ved when allowed to sit at

anbi ent t e in a sol vent such as N nethyl
xyl ene, dlne aﬁgég am de, N, N-di net hyl f or mam de, dlnetéﬁﬁ%%ﬂwﬁgﬁvo

and m xtures thereof for a tine period of about 1-24 hours 25Sone

preferred conpounds thaIBRmm*DESCRmWH@NEHEFHEEHMemeGB i ncl ude those

sel ected fromthe toug\con5|st|ng of ollgoners and pol yners of
i m des, ani defiEUgReE’ S Aty Biediyegti wmwsthod af thigning prdsdebpdingfvo wafers

one embo .conpounds have the formula 3000

(1)NCI Or q%“@?l\ﬁllg’g toogl{’g%z’%gb‘?s‘gﬁ%ozgpw US2008/ 068170 where R is

sel ected frontigh2isgritmpdieguasi sﬁbwmg tlaftypical poecs steps fodlowed Enhed(aﬁwpﬁns; and
the group consjs of .a I tut.e Pr.e

Ry S oubst 1t Hliad ARGl iitng 48 hro BHEN gPaS N Shlty aht bopiss Emposion

phenyl s §&Q§Lh%gﬁﬁgnﬂkﬁﬁm{] to C6 alkyls. Particularly preferred
exanpl es of | -substituted phenyls are those selected 15fromthe

gr oup conS|st|ng of
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In more detail, the inventive compositions comprise a compound dispersed or dissolved

10 in a solvent system. The compound can be a polymer or an oligomer and is preferably present
in the composition at levels of from about 1% to about 70% by weight, more preferably from
about 5% to about 50% by weight, and even more preferably from about 15% to about 40% by
weight, based upon the total weight of solids in the composition taken as 100% by weight.

The preferred polymeric or oligomeric compounds are thermoplastic and preferably have

15 aweight average molecular weight of from about 3,000 Daltons to about 300,000 Daltons, and
more preferably from about 6,000 Daltons to about 50,000 Daltons. Preferred compounds
preferably have a softening temperature (melt viscosity at 3,000 Pa-S) of at lcast about 150°C,
more preferably at least about 200°C, and even more preferably from about 200°C to about
250°C.

20 Preferred compounds will be at least about 95%, preferably at least about 98%, and even
more preferably about 100% by weight dissolved when allowed to sit at ambient temperatures
in a solvent such as N-methyl-2-pyrrolidone, xylene, dimethylacetamide,
N,N-dimethylformamide, dimethy! sulfoxide, and mixtures thereof, for a time period of about
1-24 hours.

25 Some preferred compounds that work in the present invention include those selected from
the group consisting of oligomers and poilymers of imides, amideimides, amideimide-siloxanes,
and mixtures thereof.

In one embodiment, preferred such compounds have the formula

0O R 0O
M Ni?@( mf\'—x
O O
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20 In fornmula (1) above, X is selected fromthe group
consistin sul fones, aromatics (preferably e
preferably %é"@nﬁ%%g and even nore preferably C6 to ggZ?%ﬁgﬁB ﬂﬁécs
(preferably C2 to C15, nore preferably C2 ILO C10, and even nore
preferably C -C6), and cyclic aliphatics (preferably C4 in C60, nore
preferably C4 to C20, and even nore preferably C4- 25C12). In

one embodiheEnR is lesigd fiven 1R EIABEVBSIHMEREL i ¢ group, al i phati c group,
or cyclic allphatlc group. In another enbodi ment, X can conpri se

aromatic groups with ether brldge uch as those dlscussed W th
respect to Z below) or aromatic W th I roups and/ or
- NH, groups at ___@etqg |t|on 2009/ 00 S2008/ 068170
Particul arly pteferrled roups-gf e L£Ched f the group

consi sting of alkyl substituted phenyls (such as he ones di scussed
above), isopropylidenedi phenyl, and hexafl uoroi sopropylidene. In
anot her embodreistR, ipyabiceadrieam Buatourcwpesings !ty bsubnelutedphenyls. wher e
Zis selected fromthe group consisting of siloxanes and noieties
conprising ether bridges. In enbodinents where Z is a siloxane,
preferred sil oxanes have the forrmul a 15 20 where:

-(-ﬁg@)wﬁios

1

Preferred alkyl-substituted phenyls for use in the present invention are phenyls substituted with
C, 1o C; alkyis. Particularly preferred examples of alkyl-substituted phenyls are those selected

15 from the group consisting of

20
In formula (1) above, X is selected from the group consisting of phenyl sulfones,
aromatics (preferably C, to Cg, more preferably C, to C5,, and even more preferably C, to C,,),
aliphatics (preferably C, to C,;, more preferably C, to C,,, and even more preferably C,-C;), and
cyclic aliphatics (preferably C, to C,, more preferably C, to C,,, and even more preferably C,-
25 Cp).

In one embodiment, X can be the above aromatic group, aliphatic group, or cyclic
aliphatic group. In another embodiment, X can comprise aromatic groups with ether bridges
(such as those discussed with respect to Z below) or aromatic groups with linkage groups and/or

—NI1, groups at the meta position.



R3 1 ) 1 R3 each R3 is individually selected fromthe group Cl to

C10, and n&l&)ezogggq%n%abl y Cl-C2), (R36 1P R3 consisting T{l}](;%g‘@%’?'%

al kyl s (pretrer y "and phenyls; inis | to 6; and p is
preferably 1 to 20, and nore preferably 1 to 10. WO

2009/ 003029PCF, SP0N8(,BEAY J25 5l 6les 6t Gh RS RURASiEh RO A stituted
bridges are sc,:;lallmect eﬁ%lrom g%{eérglﬁ%ulgscgﬁmt?%g%% ' ”ngﬂﬁglbsum =
phenyls (such as the ones discussed above), isopropylidenediphenyl, and

hexafluoroisopropylidene.

In another embodiment, preferved such compounds have the formula

ey ?
4@2—!«-{ N%

10

where Z is selected from the group consisting of siloxanes and moietics comprising ether bridges.

In embodiments where Z is a siloxane, preferred siloxanes have the formula

R3 =&

15 {(RS)m—li%O—ii}(Rs)m%
| | 5 ,
R3 g

where:
each R? is individually selected from the group consisting of hydrogen, alkyls (preferably
20 C, to C,;, and more preferably C,-C,), and phenyls;
mis 1 to 6; and

pis 1 to 50, preferably 1 to 20, and more preferably 1 to 10.



151 n either the enbodi nent of Fornula (1) or the enmbodi nent of
Formula (I Ls preferred that the polynmer or oligoner further

1), i h
conpri se aﬂkﬁwG%Qﬂnaroup. Preferred endcap groups are Jder VRS OEA a

conpound sel ected fromthe group consisting of aromatic nobno-am nes,
al i phati c none- aml. - gy.cl.o-al G - am - and. n. kStine of
anhydri des. ngﬁg%u §?$§%ﬁkg @%?ggﬁék %ggpgﬁgﬂ%ggﬁ%?gt@?@@@%ﬁ+§ﬁ““g°
sel ected fromthe group consisting of alkyls (preferably C to C15,
20nmore preferably C to £10, and even nore preferaklly Cl-C6),

where: 30R4 is an al kyl p (p erably<Cl to nore preferably
Cl to C10, and even no = —O
2009/ 003029PCT/ US2008/ 068170 R5 is a cyclitc aliphat/i o group

(preférably C, to Cr, and nore preferably C5 to C6); and k is 0 to
20, preferably 0 to 10, and § O\to 5. The
conposi tion should conpriseia eagﬁzﬁgou o by wei ght sol vent
system preferably from abou 0% to about 90% by wei ght sol vent
system nore preferably from about 6@f6to 5 about 90% by wei ght

sol vent system and eve eQB%EE§L§$|€:§r?g] ty 70% to about 90%
by wei ght sol vent system sed nit h ot ht of the

conposi tion taken as 100% by wei ght. OThe sol vent syst:@#f shoul d have a
boi | ilAg point of from about 100-250C, and preferably from about

120-220C. Sui t.abl e solventscknc!ude those selected fromthe

group consisting of N 1- 2- AQpyHr ol ne e,
di met hyl acct am de, N, na |ﬁ§ ul f oxi de, and
CF3 :

m Xt ures thereof.

15 In either the embodiment of Formula (1) or the embodiment of Formula (11}, it is preferred
that the polymer or oligomer further comprise an endeap group. Preferred endcap groups are
derived from a compound selected from the group consisting of aromatic mono-amines, aliphatic
mono-amines, cyclo-aliphatic mono-amines, and phthalic anhydrides. Particularly preferred
endcap groups have a formula selectied from the group consisting of alkyls (preferably C, to Cs,

20 more preferably C, to C,,, and even more preferably C,-Cy),

R R
/ (Rq)7—Rs
25 HaG O
HasC , and o) )
where:
30 R, is an alkyl group (preferably C, to C,;, more preferably C, to C,, and even more

preferably C,-Cy);



The total solids level in the conposition should be at |east about
10% by wei ref erably from about 10%to about 40% j : d
nore prefe %QQPV %M about 10% to about 30% by wei ght, %g\é@a%ﬁ}%ﬂ%?he
total weight of the conposition taken as 100% by weight. 15In other
embodi ment s, ?ﬁ C@%ﬁga ia @ol%ﬂﬁpﬂeﬂel%gh@% @lﬂ%mﬁ&eﬁiei&%ﬂy@% C,); and

i ngredi ents, acéta Sion"pronoti g agent s
pl asti ci zers, kam(mtco:to @rﬂfmabdyﬂam& and nmwpl‘é%mbl)aomﬁrfact ant is

tilized, it f bI t
' om about 0. Tog emeeiae HoRsgateghias Bt AOREY ik ef e Bbnii ol
0.1% to aRUALLYEE% t%b&ht%‘yﬂgg\?g%%&@ﬁreﬁﬁ?stkﬁt Aloret @Rl yokorh ABowd GhYis

in the conposition taken as y wei ght | es 200f suitable
sur f a8t anbent 9A% hydeeightsolyent seﬁtﬁu»@ylﬁ@w@smgmefa@n&ﬁqm alispye Ao to about 90%
S;Egé?’loﬁtbe v&e lt‘[QOIl\J’EI?llc!%r st%m bﬂ@@t[ﬂ?]fo]; thé 90'?41“)@1%?11:]0991%6 00“bl 03'“(’%@(3% ?IE]E%OD{%%
conposi t @iphatThe scb ey hyq@efm o0 labod Boi g it of ﬁacbﬂ alhouB %GB%OR/@L gidtprelambly
preferabl y from about 1% to about 1% by weight, based upon the
total weilightabopt Itgrﬁ)ez?é)opl ds in the conposition taken as 100% by 25

wei ght . Exanpkes,of sﬁ%ﬁlémcﬁld@qh@s%'s@fécﬂﬁq@ﬁ'tﬂ&l oA NdontiftgusieNt harg-2-
sel ected fromthe group consisti ng

bi s(10i mpyhdidese,| wletchyiﬁl)lﬁbﬂzmnc ariﬂ;hbfbmmﬂwlfotlmumhk@ua}ﬂtlsﬁl |saiiegye, and
(e.g am.no tri (methoxy silane), am nopropyl tri(ethoxy

si | anes) ‘“‘Xtﬁ%éﬂsj?( i nopropyl tri(ethoxy silane)), and other silane

coupl i ng agenthe total solids leveh@ntRNcontpokicivh @AGI b8 ddtlédsi Zieaht 10% b;s weight,
preferably present in the conposition at. a |evel of SOf{ydf%abo

0. 01% t o PEswERly Bwsrbaboiiel ¢fitlo a Féo‘iﬁﬂéﬁ‘é?@m g Mgk PABIBIP YO T 9B 10% to
about 1. AbMLs Qo @4 Liaht
about 0. %'{2 go‘% Qﬁa‘igmbas E"SE%%‘""%‘ ‘w’%%?glg m%éfgtrzlaépcw 0E 008 DaS G
t ot all 5 wei g ht bfolh&renﬁmﬂmcﬁnlsg the threpastinpasikliiorudeakemtzs Oﬂm%laiyngledleﬂls

| es f sui tabl. e anti oxi dants i ncl ude those.se gted from

t e or oupie e St S Beton PEo SR RO S g e

pent aeryt| ui t Qlhen a surfactant is utilized, it is preferably plesentm the composition at a level of ﬁom
tetrakis(3-(3,5-di-tert-butyl-4-hydroxypheny|)propionate sold und

t he narrealpcmyarh%feto 20 3bycrasely. aah aroptiveistiblydraantiogh®-d%ne %boclshéﬁya@lght

tris(2, 4

168" by Orba Srdm B RRELARNEREN U 3RGbH ARk o 6 ABT R T fots

- the Q@np@ﬂnﬁlmbll Stlﬂfﬁ:t&ﬂﬁé inelntic slysltoemhoi{ﬁaeé suthlas oamﬁsnmhedwxsl}a@dlscdd eder
t her m)pl stic é,l 38 crosslinkable). Thus, the conposition will be

essentia 1‘3;}1"1’“16 é‘t‘(q =S an about 0. 1% by wei ght and preferably about

0% by wei ght ) wafn 6f &ﬁl%élbﬁ'bfoﬂﬁ)uﬁ?@ééhﬁis uitBHasi %léfel‘e(b@%ﬁé%ﬂ{m 10 cdn'i\ﬁ)smon
final conposition will preferab ' ess than about 200 .S, nore

pr ef er abhia keed S)f ﬁhalrﬂbab*dhl%];@@bqna3% byayrdglérasd mﬁﬁléblﬁrf@ﬂéiﬂ@m O 1¥atggpout
about 10
t he melt léglab weéig 11),/9"15%5 (ljlg nerl%t(ﬁ%ldwé\j 1t 0@ {ep%§8§lanle %;ﬂx a?ﬁ;qllir((;)rﬁgﬂéaé 35;?6;61?.]2;\

| NSt pSIMEREEAL. ABtaaQM,oﬂsmbﬂh’ﬂa’daédlﬁi pminatlﬁg mﬁf 1Ingluﬂaﬂlbmeimh'&délohhldac ar oup
pl ates have a di anet.er . of urt hernore, tgtél t Vi sg osity

det er ni négsigtingopt 315%“8?1130’%53/1?‘%91@“?‘?”{)r @*’%’PH@PV RSTS P %PSB)ut(e@%
by wei ghtuamf%Piq) W'h‘?(nps'%lﬁﬂcx?r §pc4n? | £8f04:b ?’n @Q&H&Y}z%/ﬂemés)wpﬁmyl drAiRSp:Bhyl
t he conposit h: hef words, very little to no therm
decorrposiﬁ(elbnxyoxﬂauu% aud OtlmeSIbmﬁp@aﬂmg ogentt this tenperat ur e, as

determ ned byl her nogra . Al t hou )
conposi tion coult®bHd éqﬁ‘b(’ ﬁﬁ ut“@‘egr ’? ﬁ%?le ehaij l%{%?elntelrn ﬂsl%f)onflgosﬁlog A4 %el of
acti ye V\/ﬁf)ﬁhrabfjiltr(ﬁ@ 1% td ablosit 1% &F &Velo@e nidi@prefdrathe frappibbed. 4105 tohze:oaK:It $%dy

waf er first. referred a]pllcatlon met hod
welght an even more preferably from about 0.01% to about 0.1% by weight, based upon the



20 invol ves spi n-coating the conposition at spin speeds of from about
300- 3,500 ¢ nore preferably from about 500-1,500 rp

) at
accel erati 20 M¢%3m about 500- 15, 000 rpm second andrﬁ%(UséB‘lsf?G%%es
of from about 30-300 seconds. It will be appreciated that the

appl i cati Can i i .
appl 1 cat | 80 BRSNS Y SnbRuRGTEY B J0BAH LR HRLEKOESyabe
evapor at emidxajaml 1M<ﬂﬁtleslhose%51ea' ypirealil 1mkuqﬂ@nmunhgjo[tpeelaﬂlctaﬁnmediemtamm as
of from about 80-275C referably from about 150- 225? for a tine
peri od opeth%%mla@bLﬁtlakls@s(3nﬁo ﬂlu‘ff'éé’“tyérﬁd‘yﬂ‘ﬁ?%l’fﬁmé‘ﬁ@?l%ﬂ%}c FOl8 Mndgdtie name
3-10 mn D

ke Wil P%t£§)6| 1— bg'd 1555Etﬂf}ﬁwggﬂﬁézgﬁfggldtuﬂ?(sgéh ats!?l@s(ﬁ Qﬁiﬁg{tgaﬂgrﬁlewz}f’lgﬁlﬁi}shlte
f r om abosdld 5add themame Irgafos® 188 be€illbaki ng, the desired carrier wafer

conposi t1 on. Rt psRiGEs G STk SR AL} R EorROBHL L shhPsystem.
conposi t irea iRy cbﬁgééxtm Abuld e NIRR6RALMICEI. @hﬁn&&@élﬁhhﬂﬂé) 15Qs, 3R0mpbiton
preferably from about 180-300C. This heat | ng

2009/ oose@bmwzbnép@@%mm a@ﬂtﬁroelt"/ebawwh&wiml efgraglytabawds by weighthot
and for of from about 1-10 m nutes, under a bond force
of from glgg%l lfgt%%élg%out 15 kil onewt ons. Fi g. 1(a) shows an
exenpd ary st athe et evepity st thy ﬁaaitdomomélewllfhﬂeﬁrrdblyc@rleésehmmt)etrz()ﬁ Pa-S,

etive soprislorbl e Rygbos Tof PRl Serdae e B5G b0 g Ro sbou

active sid BsS( P& pus VOIS tASse WRbabur@feris, BleUh@l VikdbsRY istdeRaBmaPMiaGBdological
features (raised features or lines as well as holes, trenches, or

spaces) demieaanalysi r(Téﬂla%wn’ESt ABLO0USwP gratielplais codigumtioradeisbe plogs
represen b

end por t 155 =Rl ) BRERRE B WA ek ] d R 0050 g
t hanl& hethmesp@mtfm ey ésel tlmnrzd:omrﬁé/o bf waight.ahf@rore pm&galﬂp bisg than fabaitt (2@ by
on wafer i[ T cal active vva[ ers 2 can | nc ug _a&y - i

mi cr oel e%“f‘ug%tn %f‘?“é\ft"iﬁm%x&h‘ﬁ g VBT ¥%}ﬁé‘“k&8§f’ feemal eFQRAPSRHIOBPECYS
i ncl ude f{HARSEHRIsEIGh QPthi ©MbéHRrd hOWRer GO b3 tthdtfhoRfavimetric analysis (TGA).

m croel ectromechani cal system (MEMS) devices, display devices,

fl exi bl e subshlilugk thegogpositien wylddisarpliosiip stﬂrreatl@s:auwowbsmie QUASEYP WEiss
that ca nall

diol ect Ir:'flng{e s Ef&f&&gltf? £ %@ 1@;&3{5‘%&?&% w%ﬁe@“tﬁ{%l gﬁ[ﬂg&?d qleCqut:&n method
nit r:tode)mvmloes spipleningl tay&bmposlﬁcand subspeeds of fioonmpyous B0@3 500 |1pmr(,mme

al um num tungsten, t.en suicide, gallium.arsenid e ni ym
t ant al unﬁie%l?%alir%dhwgﬁ?é Srbé.l@é abariel PR TR O3t 2 quo%e@%a#smnd
Carrier gdbstspfitnekdriam :BoRBOB0D oIS #GH 1122 qpﬂf&ﬂét@@ﬂhaﬁﬁé £dpBEation steps

substrates 14 conprise a nmaterial selected fromthe group consisting
of sapphianég versdiriachicyt apyticwarakiclzesal uni num silver, and silicon.

compos t i on IAYEroGHE uB RTHAR i B b85T (<t AR DE A e e
comuzsi tT @i Based wbeld bahowenpeade@Side e 1A BPI276tC and pebféesly ddnalisat
descri bed above. As shown in the Fi %hl (a), bonding layer 24 is

bonded t 50251 G ot timapwiofdf fomgbpatZ- Ipmitageand Bye pEiBeining abaviiate
22 of Sl{?ﬁﬂfe’glt ﬂlﬁk m l"éﬁl(hé%?%%lb}?&l% &)5 ﬁ@ﬁ%amwmﬁ'@iﬁ%@é 11&& out

uni f or em ca mat er i ssits t n ot
25wor ds 5mlhmmlnﬁmre@dfmnbimﬁ@niabpers-zaums formed of the same

conposi tion. . . , : . :
P After baking, the desired carrier wafer is contacted with, and pressed against, the layer

~

30  ofinventive composition. The carrter wafer is bonded to this inventive composition by heating

at a temperature of from about 150-300°C, and preferably from about 180-300°C. This heating

10



It will be appreciated that, because bonding | ayer 24 can be applied
to active 18 by spin-coating, the bonding conp

into and o 20%@3(\3§r| ous topographical features. Furtﬁztlr%#k)s?zgm‘mfﬁﬁﬁ
bondi ng layer 24 forns a uniform/layer over the topography of active
surface A0k ustr i R i 1o}
by das he(]ﬁs8 QLF%%I%GJ,‘WH;%% Og%lﬁ]&ﬁm 119191 @qﬁ)é(%aln%fl g@?ﬁ?lﬁg 4131351)?]2?11%%]’%%10
back surfaaoed icﬁcedﬂfﬁmdhlsmamwﬂfduom kxﬂnns\zminane to bondi ng surface 22

is represented by the thickness " (}}he t hi,.ckness }1’ gnl(%l v_ary‘ﬁ%g_
| a5 {han abofie B SN B GEONORHGESISEH FospOUE Dest M9 BrlerRs Gy /e of
| st Nag, AR 45ReiTR AR 1O BHRALY Dbhck Ehac 1B Mnd BRUE V@R 2V EfIve

more preferably by less than about 1% across the [ength of plane 26
and sfibstwfice B4can compristhmewaf aorgackagites gnotthewnpes seellj #sce edualgy of

subsequent_t hi nni or oth rocessin f the substrate as shown .
T R o g lifangedst aebiuller RET R abe Rl oS FHERI MR 2 SO o
be 5 appiagplatigcketRalgnitbe asUBSEr FeasreCRA lgﬁeiéltsnﬂﬁedhi@@csl ‘hfe@tkl[te@ﬁ @(&We
of less than about 100 U{E preferably | ess than about 50 1g

pr ef er abbyifaceds. Tivaks, Gipe pozismqwuﬁac%}IStfmﬂmhﬁﬁ@l bagk sirfagg %&d@&ld%ﬂmn
processi :

metal | i zg i or?gawé%lnggmmag%81}dr?ggﬂ&kg@ﬁ%mgméﬂgﬁhﬁ?b?%’glegr| ed | ayers of

t he l1bwventi veTgdopastivel watas pdsaemsiude mmbxeroelrbt;mi:@ sxthsghbylixamples of some
desirabl e erti.es

Ut ghcal AT G APETS i pr DEBls elBSser e fm o8 Biopy RPsisting
of the CW@bétf&%cbﬁlc@@é&ﬁ%ﬁMEm@e\fl@é’s BspRy e REs, f1E1Ble S@sHeRs @.aMclied
be driven fromthe conpoSition so that subsequent baki ng at 200C for
60 m nut erexysyistpesrpllap slshriehthekyiads U@ﬁde\@n&j?emomn%%mmaﬁ saBisapdustyrs,

prefera v pr .
iy A B e R G R s Qe LS

15 t b dnhdesubsayes Soxﬁ]amsnl@smecaf, e«.diummumemmgstaﬁ unggsstanf silighde, @alitmoutirsenide,

190C, preferabl r.ef er ag{h% up t.o about 220 C,

{ &Ito about go

and evenSHBRRUEh G YRy ‘9‘“&&9“’(‘8“3&0‘% ¢, 7R8 ELes Sf I IAGE %I changes or
chem cal reac@hl@i@lsmﬁ%ﬂé 14 R 4 Bbnkihg shid¥Rn2. MOpicAAARY Substift8s 1 P Rfise a
wi Il not soften bel ow these tenperatures. In sone enbodi ments, the

| ayers camtesinksolebied Bnpdbegtonnopeibans of sapphite.serp e 2lassPENEY. ademigum, silver,
tenmperatyr. ﬁ’f 85C for 90 m nutes wthout reacting. 20 The bond
integri t§‘/l “Re dried | ayers can be naintai ned even upon exposure to
an aghd or bavwaferThahd dadiieraulshrard 4 haywndaf tofdier cartpading l:((impd%ammrllag'ea%
t hi ckness of, about. 15 gm be subnerged.in an acidic

concent r 5%4:1“&@@1&ﬂ.l%foaefﬁmafthw%&g@ ce@pg&tw@e‘ew% é/ng qﬂ? 13%‘3683%31%16#
about 45,y e dm'degclrmil BbNeNi AGsHBRAG, kiRt BEr 1 (kY bo§ﬁﬁl£]a'yéltﬂ9i% ipb}aeaan
be eval uated by using a glass carrier substrate and visually

obser vi ngetivheuliiendB n@we&mbbss welbas todpeding hnbugR2 2bsubelragt h“ssUclalferm@ﬁ art
substrate to chec ubbl es oi ds tc. Al so,. bond ine Ly

i nt i nBEET PO e g B AR BP0 Gl By Rt farnd) pBRria 8RB vl her
sepazat edohl, thaeﬁlue bonding B & it Remd@sf hedard @mgssiting. has occurred
the active wafer or substrate can be separated fromthe carrjer
substrate by hadd pagprreriatechibat la%caiﬂ?@éma@n&iﬂyple?ésqanézﬁaleﬂheé@@@m’e surface 18

pr ef ggﬁ?ﬁ%sgg{ céa?%%%h%%ﬂhg?éx?ﬁ%sﬁﬂﬁ]m lﬁggﬁc%v%f RN Yridus %FOEQPHEM% res.

a se te re ranges represent t e preferre
sof t eni njurgermo:s, e bd)lirb11g)lamil2|4gf0m@rmﬂsf0t1h dayet @wee the tdpigsaphg af :aqmge widfdce

cause th nposi.t often ften
bondt ng. Chnijodi s MEpais HE- shals 6% 0108 8mETT eStis D Er portion 21
30  and substantially parallel to back surface 16. The distance from this plane to bondmg surface 22

is represented by the thickness "T." The thickness "T" will vary by less than about 8%,
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as shown in Fig. 1(c), at which point the two substrates can be
separ at ed art. Fig. 1(c) also shows an axis

i ding ap
passes thr%gzﬁ"%"cgi’(ﬁgof wafer 12 and substrate 14, and t'ﬁ%” 29@(081870

forces would be applied in a direction generally transverse to axis
28. Alterpati 16 N f £a {,rg,l?c
or subst Fare b B ieSh IR PR B er i RSB, IR el DR e
general | pxmylyﬂxydms thva abodtd o adrossdficelengR oﬁplamﬂaz’sandasmbstmta 14 0

separate the er,. 12 fromt u

apbr ect at ed ¢ HaF SaEBaIbFHY D Dh A cepF Srug Sy nSingpe Pesigine) of
and/ or | iihd &b9uRBes Sowbihehig. 1dh)OWhedNSt fradeRisife Which €2 BREMhRhME NG Willee
other in a substantially stationary position so as to resist the

sl i di Ag eppiktittef ﬂtgtthwdvetu(tes g betthlyma@t@ltwln@sgsﬁﬂb&sélwel@b@td)%@mmg%lably
sl iding f Or gl? a]b%EltO 5 Ln Elll(% 1e§e'1|£ﬁt Ee%g ﬁlalll ’I}JOLR%I @1 e?’ tnng %g, typical
acconpl i Vi 2 donvent f8nal® efidi

conposi tlbmsksrdenpuoaasmgg,l mctdﬂmgdplvdt@i&h@glqﬂ@ emetblelng,asmd yneltzemwe@l gy g
the origi naI sol vent that was part of the composition prior to drying
as wel | &S Ql‘élieﬁg sol vents such as xylene, NWP, and di net hyl

sul f oxi de. CRRRSHAY QR REMR|PEAGs REh lcbmPEsiGHHSLS! ¥ number of
di ssol ved (at )ﬁdea{s{%gggb%)%?ﬂ% é’EﬁquJ ?g)#‘?b log]tméglgp ébout C)99A; g'ﬁm o
mor e 1fr eﬁleghatxlcyn ahoputpE&gior dz@m»fct te I@C&Sﬂlindublebmﬁlt@xmng;ﬁ@r wcupmield

Composi 1 PO Rl SCiab Bk SR PERmR B AR SCAB Rt POH i e

a sol ventolv@i®wal bl FeR E6m WY dodipobilibs s@ﬂﬁ@ubs‘%q&‘dnﬁ@dkmg@@ DOG TTfor 60 minutes
conposition-free wafer 12 and carrier substrate 14 (not shown in

their cl ggpitsnaddy thipkiesydppgapt lospimmppuEss, preferabiptgssitlyn abgitago, and even
exanpl es ,5et %éﬁ{atblf&! 19%‘%1‘2% 58 1@?96 %‘egﬁocme?&%m RS mntémn!? e Test"). Thus,

i nventi on. e un er st oo at t ese exa
pr ovil dedtisydrigdaysfs ¢anl heslientlito tengrdatmos bf ng ta itlmum $0°<h puferablg updkehout

as alim { On _upo e ral e, of the | tio

&1 sphenolt i pRRHH R S SO Ry P et HH AT g RGO 240 € it
End- Ter mpRat@chthbdl of cﬁaﬁbmmmbnﬁ%&uﬁ 1ﬂg in the layed Fok B}kaﬁn}ﬂé QgL Ewill not
4, 4" - bi sphenol - A-di anhydri de (BPADA, 57.25 grans, 0.011 nol es

m pheny| extendickom th@e(tema%wgﬁ Amsomg cbodipEyLs, thnlaye's Gandilseeeieyposash i o
(2.42 gr 2 g e i done up
to a fina %1632 Ce Tt rat ?i%)% \(,)\?‘ 1%9&@&&*?5 ?%@%ﬁﬁ%g)ﬁ@é ltﬂﬁc@ﬁé was

al | oed to stThe kindrinegnity efifherdatd tayenanalebe mninianeritevat wospkposerd tomn 2&d

hour s. 009/ 003029P /USZ 8/ 06817, | ene (38. 17 ns S
Rdded t ook VBor dogh b AT SR SOTGHTGA HEOTE BB i JearROp B can be
sol ut OnSLtlﬁldi%@BTQM &n M@@I@Enemhr(b gg cbimeﬁlﬁaﬁéﬂdumuc fadY dredscQely., BY Wieatd
t he sol ution 180C for an additional 12 hours.” The resultlng i m e

sol ut i onSHdsfogpbent déamiswenwhile momizinng bejid ieBLEWe Sivad intearity £41 be evaluated
void-fr egy Llﬁ?@@lgﬁ%g}i%l gdbsme ard visually observing the bonding composition layer through

25  the glass carrier substrate to check for bubbles, voids, etc. Also, bond integrity is maintained if
the active wafer and carrier substrate cannot be separated by hand.

After the desired processing has occurred, the active wafer or substrate can be separated
from the carrier substrate by heating to temperatures of at least about 200°C, preferably at least
about 225°C, and more preferably from about 250°C to about 350°C. These temperature ranges

30 represent the preferred softening points of the bonding composition layer. This heating will

cause the bonding composition layer to soften and form softened bonding composition layer 24



er..(OH3 7 0 0 ONLX)1\ c+cy irCCN CH3 \ 00 c¢) EXAMPLE 2

Bi sphenol - A-Di anhydri de-co-1, 3- Phenyl enedi am ne A i goners

End- Term nﬂjtoezé]%/ %% n- But yl Am ne 10In this Exanple, PCT/US2008/068170

4, 4" - bi sphenol - A-di anhydride (57.25 grans, 0.011 nol es), m phenyl ene
di am ne (3 Qndin BITAEEI(c)Oat ShidPloknt (RORY huBMENs BTbOG phrhte By i GHE apd:. Odg.
mol) were dissol ved gﬂ’i+né?ﬁ@lqz-pyf}gpydoﬁg up tglaeéi%ap g ep 8
concent r d{¢)avisocthowd anxis Z8pWhBRABDRes fineigh dlotit ofomfval aidl soberhte b, shd the

at room tenper.ature er _an ,.nerf atnosphere for 12 hour After ..

P oo TR R o o B & e LT BROGTF RS i RS 2 Berinshy
(38.17 grsAAmY mayast befedbsa@d, 4h iktdAQ aakid?d 2 Lobids:A0 T bardRNifRd rﬂl'gkra@qga, in
purge for additional 12 hours. WO 20091003029PCT/ US2008/ 068170

EXAVPEE 3 dppatismdbas is-ganpplimyaydiogdbe ethepof glafed i her sapsiggimigh t separate the wafer

End- Ter myp | a0 met hyl Aniline For this procedure,
4,4 -Bi séﬁgltr?gfjt-h%sau Ban‘ﬁ%‘ri de (57.25 grams, 0.011 nol es), O-Tolidine
5 (21. 229 gr amsyill®c Sdprenixtyd thanehataton dametabydmaishdd byaing Ry ARligyaddtor lifting

0.02 nol) were dissolved in N-nethyl-2-pyrrglidone up tg a final .
Concentr HET SHVEE RBTakoUR T 4 BBERA IS B Yethes b oDt ierg egastion
at room teaPeialisd iR sHMEE br Bfink ARES (eal, T PNSHE siﬁﬂﬂtaﬂe%ug'@b{{o%i-ug%(hfclli]ﬁ@ﬁ)rces

(38.17 grans) was added to the resulting amc acid solutionto form
an az@ot toppier sdpig subsiraio! Dedbireanall be acsaniphgher madiopugitional eaviprieetd

out by heati nﬂn& n(%d%ggl &H]i})%@iﬁ&l?]ﬁ%%ﬂ%é i?lrtheatllvﬁ:g glle'éé &rﬂ%le ezi's?ly Pe%‘év%d using the

original solvent that was part of the composition prior to drying as well as using solvents such

as Xylene, NMP, and dimethyl sulfoxide. Any composition remaining behind will be completely
dissolved (at least about 98%, preferably at least about 99%, and more preferably about 100%)
I5  after 5-15 minutes of exposure to the solvent. It is alsoc acceptable to remove any remaining
bonding composition using a plasma etch, either alone or in combination with a solvent removal
process. Afterthis step, a clean, bonding composition-free wafer 12' and cartier substrate 14 (not

shown in their clean state) will remain.

20 . EXAMPLES
The following examples set forth preferred methods in accordance with the invention,
It is to be understood, however, that these examples are provided by way of illustration and

nothing therein should be taken as a limitation upon the overall scope of the invention.

25 EXAMPLE 1
Bisphenol-A-Dianhydride-co-1,3-Phenylenediamine
Oligomers End-Terminated with 2,6-Dimethyl Aniline
In this procedure, 4,4'-bisphenol-A-dianhydride (BPADA, 57.25 grams, 0.011 moles),
m-phenylene diamine (10.81 grams, 0.01 mol), and 2.6-dimethyl aniline (2.42 grams, 0.02 mol)
30 were dissolved in N-methyl-2-pyrrolidone up to a final concentration of 15 wt. % of BPADA.

The solution was allowed to stir al room temperature under an inert atmosphere for 12 hours,

13



10The resul ti ng i mde solution was spin coated at appropriate speed
honogeneous filns. 15EXAMPLE 4

to form v0|
Bi sphenol - 2@?/'&% de- co- 1, 3- Phenyl enedi am ne- co- 2- Nelth?"ism”s""(”mo
1, 5- Pentanedl am ne Aigomers End-Terminated with 2,6-D nmethyl Aniline

In this I i r 7. r ;
ol es) %stfl‘t%p Fén@F 14 giﬂé’uﬁ r}]%rglgﬂ?%i Ed?ﬂlgr@érﬁrg}ﬁ% Odn% sk ﬁoﬁﬁmﬁ t8TBem Gn Adbtropic
2- met hyl stluBepentanedvaen dueing nid#dtigr, emsed (mt(b@Beemmg thezolutiontrek86F @libnyan
avai |l abl e .fr.om |sta nder .trade nane of DYT

ani | i ne @édl&gnzég[g RS- 6"’ WS%F 1\,@; %)?lbqogsv&s\;@& Ci()?]lezl at 1 ﬂﬁ) 1p1116f01 Mmecmycis

N- et hy| & i Vofd- ﬁg@qygmggentegumfﬂsnal concentration of 15 wt. 9% of

BPADA. The solution was allowed to stir at room tenperature under an

i nertSat nosphere for 12 hours. Xylene (38.17 grans) was added to the
resulting antic acid solution to form an azeotropi c solution to

remove wat ey, during imdization, carried out heat| ng the

95sol ut i t 80 an addi t| Q 12 h urs resulting i

sol utio N%@hte r VoI gafr @
homogeneougH;i h ms0 29R°ET/ 0 8/ 0@817@‘6—%@P9E 50 HsC
Trinmellitic Anhydr| de Chloride-co-2, 2- Bi s['4r (4- am nophenoxy) Phenyl ]

5Pr opane- co- Bi sphenol A-Di anhydride O igoners End-Term nated

EXAMPLE 2
Bisphenol-A-Dianhydride-co-1,3-Phenylenediamine
Oligomers End-Terminated with n-Butyl Amine
10 Inthis Example, 4,4'-bisphenol-A-dianhydride (57.25 grams, 0.011 moles), m-phenylene
diamine (10.81 grams, 0.01 mo!), and n-butyl amine (1.46 grams, 0.02 mol) were dissolved in
N-methyl-2-pyrrolidone up to a final concentration of 15 wt. % of BPADA. The solution was
allowed to stir at room temperature under an inert atmosphere for 12 hours. After this stage, the
resulting poly(amic-acid) solution, with added xylene (38.17 grams), was imidized upon heating

15  to 180°C under a nitrogen purge for additional 12 hours.

H3C (HoC)s

N;m 0-0H-O- OﬁN\@%/NthO OO D:(jc:N_‘(CHg):aCHa
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wi th Phthalic Anhydride In this procedure, trinmellitic
anhydri de chloride &0.447 granms, 2.12 mol),

2, 2-bi s[4-tV9-2§?ﬁ”W8rB enoxy) phenyl] propane (2.0 grans, %Tﬁszﬂ%ﬁ'lﬁﬁlfﬂ
and triethylamne (0.257 granms, 2.54 mmol) were dissolved in

N- net hyl - 2- pyrrol i done at 0-5C to Wq\qﬁ]ﬁ@?rat ion of 10 15 wt. % of
the total amount of all nononers. é solufion was allowed to stir at
0-5C under an inert atBmspeherL-iathydidwet-6-TdNaxie,Oligomers

4, 4' - bi sphenol - A-di anhydride (1,105 granms, .2.12 mpl), phthalic
anhydride (0.199 grams, Emalsmmaied e alimethyhapiling

N-met hyl - 2- pygg Qb %%_L:Yt‘!?ﬁ,@'-]@igﬂgﬁgoﬂ@dﬁﬁ@dﬁﬁé (s728ERLL @b Ofloieh), 3 ToNine
% The solution was stirréd at’ room tenperature tnder an | nert

at nosphe(d . 326rgr@os, Hoiirisol), EHnd edimetliyhgnipne @4 grame, (.93 met) wdradissvdved in

am 1o achaPauritPuRo e B s 3t SR Epioa Sufo Bar FRRPRIG T i Sas

during i gildliezahisanat WRLCRMYBERLGE AR An Qhtit R¥hoBEREd Y 1RhRuSOUIdRN38.07
180C for an additional 12 hours. The structure of the polynmer is

shown beBE#s) Fakadded i the pryuking aaiq aeidreluion ie fum anpzealfppis sobsiva & rpmove

appropri - Sh i Q- : . ik 5. = 1 O

04NR N, g&ﬁ %Lgﬁ)%gmgcgz’lfllgﬁ,%%)ﬁgwf lfg%%tmga%%gﬁlﬂgg 1 dob & W-an Dot 17 hdfdes.
10 The resulting imide solution was spin coaled at appropriate speed to form void-free,

homogeneous films.

CHy / o o & CHs O o HsC
N IO JOUN NJOL O—0)
CHy \ © 0@*{‘*@0 o) .0 O-(}—!—OO O HiC

15 EXAMPLE 4
Bisphenol-A-Dianhydride-co-1,3-Phenylenediamine-co-2-Methyl-
1,5-Pentanediamine Oligomers End-Terminated with 2,6-Dimethy! Aniline
In this example, 4,4'-bisphenol-A-dianhydride (57.25 grams, 0.011 moles), m-phenylene
diamine (7.57 grams, 0.007 mol), 2-methyl-1,5-pentanediamine (0.348 grams, 0.003 mol,
20 commercially available from Invista under trade name of DYTEK-A), and 2.6-dimethy! aniline
(2.42 grams, 0.02 mol) were dissolved in N-methyl-2-pyrrolidone up to a final concentration of
15 wt. % of BPADA. The solution was allowed to stir at room temperature under an inert
atmosphere for 12 hours. Xylene (38.17 grams) was added to the resulting amic acid solution
to form an azeotropic solution to remove water during imidization, carried out by heating the
25  solution to 180°C for an additional 12 hours. The resulting imide solution was spin coated at

appropriate speed to form void-{ree, homogeneous films.

15



0 WO 2009/ 003029PCTTUS2008/ 068170 5 EXAMPLE 6 Trinellitic Anhydride
Chl ori de-cQ-2, 2- Bi s[)4 (4- Am nophenoxy) Phenyl] Propane Qi 8orrers
End- Ter mi nSCA%% Pht hal i ¢ Anhydride 10 In this Exanpt@el/US2008/068170
trimellitie anhydride chloride (1.0 grans, 4.7 mol),

2, 2- Bi s[ 4- (4- am nophenoxy) phenyl] propane (2.464 grans, 6.0 mmol),
and triethylam ne (0.571 granms, 5.64 mmol) were dissolved in

N- et hyl - 2- pyrrol i done at \0-5 Q a concent mat i f 15 wt % The
solution was all owed t ﬁ qjgtg C?Q at her e for t
hour. Phthalic anhy@uide (074 gra 6 °mol ) ngéﬁb m
N- net hyl - 2-pyrrolid were added 15 to a final concéntration of 15

w. % The solutionowas stirred at room tenperature under an inert

at nosphere for 2 ours. The resulting precipitate (triethylam ne
chloride) was fgftered, and xylenc (2.6 grans) was added to the

am c-acid 9 thion to forman azeotropic solution to renove water
during wm ation, which was carried out by heating the solution to
180C for, itional 12 hours. The resulting amide-im de solution was
spi n coa¥etizat appropriate speed to formvoid- 20free, honpgeneous
filmns. WO 20091003029PCT/ US2008/ 068170 EXAMPLE 7 Trinellitic
Anhydri de Chloride-co-1, 3-Bi s(3- Am nophenoxy) Benzene O i goners

End- Term nated with Phthalic Anhydride In this procedure, trinmellitic

anhydride chloride (0.69 grans, 3'%§QGQBLES
Trimellitic Anhydride Chloride-co-2,2-Bis[4-(4-aminophenoxy) Phenyl]
5 Propane-co-Bisphenol A-Dianhydride Oligomers End-Terminated
with Phthalic Anhydride

In this procedure, frimellitic anhydride chloride (0.447 grams, 2.12 mmol),
2,2-bis[4-(4-aminophenoxy) phenyl] propane (2.0 grams, 4.87 mmol)}, and triethylamine (0.257
grams, 2.54 mmol) were dissolved in N-methyl-2-pyrrolidone at 0-5°C to a concentration of

10 15 wt. % of the total amount of all monomers. The solution was allowed to stir at 0-5°C under
an inert atmosphere for 2 hours. Next, 4,4"-bisphenol-A-dianhydride (1.105 grams, 2.12 mmol),
phthalic anhydride (0.199 grams, 1.34 munol), and additional N-methyl-2-pyrrolidone were added

to a final concentration of 15 wt. %. The solution was stirred al room temperature under an inert
atmosphere for 20 hours. The resulting precipitate (triethylamine chloride) was filtered, and

15 xylene (2.5 grams) was added to the amic-acid solution to form an azcotropic solution to remove
water during imidization, which was carried out by heating the solution {o 180°C for an
additional 12 hours. The structure of the polymer is shown below. The resulting amide-imide

solution was spin coated at appropriate speed to form void-free, homogeneous films.

_ _©_o—©+©—0-©—

“‘O

O
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5 1, 3- Bi s(3-am nophcnoxy) benzene (Commercially available from
CHRI SKEV .nc. under trade nane of APB-133, 1.0 gar 3,42
nmol ) , an%’@ﬁ%@quzgm ne (0.398 grans, 3.93 mmovl) were I’cflgrélzsgﬁ@@ﬁmi?%
N- net hyl- 2-pyrrolidone at 0-5C to a concentration of 15 wt. % The
solution was allowed to stir at 0-5C under an inert atnosphere for 1
hour. Phthalic anhydride (0.0427 grans, 0.29 mml) and additi onal
N- et hyl - 2- pyrrol i done were added to a final 10 concentration of 15
w. % The solution' was stirred at roomtenperature under an inert
at nosphere for 20 hours. The resulting precipitate (triethylam ne
chloride) was filtered, and xylene (1.29 grans) was added to the
am c-acid solution to forman azeotropic solution to renove water
during imidization, carried out by heating the solution to 180C for
an additional 12 hours. The resulting am de-imde solution was spin
coated at appropriate speed to formvoid- 15free, honbgeneous fil ns.
EXAMPLE 8 Am de Capped Di sil oxane- GXAQVIPLBIGS[ 4- (4- Am nophenoxy)
phenyl] propane-co-Trinellitic 2 hydride Chloride.digoners
End- Term nated wi tt llwgﬁ%ﬂ’@’dﬂﬂﬁ%ﬁ’t‘%E‘COE’Q'B‘Skd’ﬁ(r“f‘ginénoﬁb‘%@é%r e,
trimellitic anhydnddg ek 0Iokhdrs FAA- @A Eted Hih PR )Anhydride
1, 3-bi s(3-am nopropyl’) tetranethyl disiloxane (0.226 grang, 0.91
mol J9 and t r et Hyd alikanep!€.0. 668 ligicanmhy@ides amide Wéde girmsol4/&d nipl),
N- net hyl »2- rol i done/ THF, cosal, vent 0 vol) at 0-5C ta a .
Concent r 427 SHer 4 RRRe N SRAT et e by e DTt e g
under angtansy £.62 naholp sehedissohved id X-metiyis2-pNeAidone at 0-5°C to a concentration of
2, 2-Bi s[ 4-(4- am nophenoxy) phenyl] propang (2.0 grans, 4.87 pl ),
pht hal i ¢ 'ariflydr iﬁ@ }tfegﬂfﬁrﬂélmsvﬁd%q TG D |G Undendn M FmaRRiere 20 o
- et hyl 2Ry lROR.4300:4R02bAN3RAAARETAHROPRLOBRI LRI RoRNGad e
. 0

a final concentration o e solution was stirred at room
t enpét at radingheracenirtionef 15 vt o dbh eelatifrowassiirpdaireom Fwperasiarg paden gn inert
preci pitat i et hylan.ner i de). was, f .l : \

O sy W osii flr 20 B Ak RS LR Einc AR RACHGed and
sol ut i onxtlena(@favensyatae addid ka thgamitkadidzsatition jo fuim ehaavasomasal e towindyy

heating the solution to 5180C for an additianal 12 hours. T

ooul £ iR Uk B b Shbhidagine sTuloels a0 '8 T egangra

for 60 serpngs e résﬁgiﬁg\léllj?;iicga'-i_ilﬁ&%ﬁohﬁﬁmﬁfﬂﬁﬁ’é&\tédiat fPproprAtdiBeddt®rorm void-
- i

"N-(CH2) 7Si -OS—-(CH})
20 free, homogeneous filins.

@ﬁﬁﬁ@oo@_'& 5@?}—@0&@%“@
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CH3 CH3 = EXAVPLE 9 10Am de Capped
Di sil oxane}y%Ij é%ﬁ?/Bl s[ 4- (4- Am nophenoxy) phenyl] propane: ﬁ@r‘zp(@mﬁsno

Bi sphenol Wi de Oi goners End-Term nated with PrtY

Anhydri de In this procedure, trlrrellltlc anhydride chloride
(0.372 granms, 1.77 mmol), 1, 3-bis(3= ropyl) t et r amet hyl

di si |l oxane (0.220 grans, 0.89 mmol); and r| et hyl am ne (0.215 grans,

2.12 mmol ) were di Sﬁ@hMBﬁlcAﬂh)f‘dnﬂednolrdacpmmls(a Hmwp]iHE)xg})so (vent
(70/30 vol) 15 at 0 5C to_a concentrati.on %rb % 3 sol ution
was al | owed to stirBapew: @@%‘I‘ﬁﬂ%ﬁn%ﬁellﬂmé%f?d ‘é[tt Qtﬁﬂ]é(‘r%mi‘ygi‘ 92 hours.

Next, 2,2-Bis h , 3488
IS p‘ﬁlen &8 }aer‘tﬂﬁlﬁ%’hl %?M}'lfd]udgr Qnsh&e (@6@ %iaﬂm); 3488 famol),

mml) 4 41-Bi s i an gramns, phthalie
anhydfi de 3(Blsq345mg10§kn:mp‘(‘_€) b@ﬁzmaﬂt)mmawchlladdmtabtﬁrfedm CHRISKEV Company, Inc.

N net hyl yrr.olidon edto fina tratio I

o6 "The suiiesHC aase 8F APBusal St odmhab.id ifuh s 0 2h el 03
at mos phepgnd|PhvekiOvBOuNEmellye 219 &YliddiRa: @5eC kdd écﬁa&@m(ahblh et be\hta% Mihe
chloride) was filtered, and xylene (3.0 grans) was added to

am c- aci aolybmuwrwoailwdmtmﬂh?rfia@ela@@ Gpiirer fsﬂé‘l"l&‘tnh@ﬁ fordl lrr%lhnl’/léthwa@hydnde
during i g fizAL00: 091 6 loHaRd SakIoaa ﬁ%?t&}i A5G BRSO iR

180C for |bn e resu e-1m de-si | oxane
sol utdon cumfsn&pldn cfort ed. %t Tlléwlnn@mmrstlﬁétl siemomj&ntp@m[tme mnder an inert
voi d-free, neous fil EXAMPLE 10. 5Am. de d

Pol ydi si ﬁ%ﬁg‘)‘gm‘ﬁ mgrss[ﬂse(*asu R RHBIE i BRBAY °h§?fg°§§%s (ljered, and
Trimelli RylﬁéneA\(‘lh:Y@ gfaﬂﬁ) Gk Qﬂde‘é%%é S8R EneholefononAta8 hzvattdpid ¥l fradni 6
Anhydr i this Exanple, trinellitic anh?/drlde chl ori de

(1.080 g rcalmsve thq @llmmln)ldlzalﬁﬁlh@pﬂ@b%t by beating thesalubion {el S9eEHY i addigiand
comer
( Ct] 2 L}/ I's, af’he I %laglgémé’?eé: rlll%scf:,ge %)?l tjson r%vn?% lslgm gl%a?%paé %é)ggrﬁ {/a(taegs“plé%d bt ln)vmd-

and trie P8R ne
15 free, homogeneous films.

aprfororos OO 04T

EXAMPLE 8
Amide Capped Disiloxane-co-2,2-Bis[4-(4-Aminophenoxy) phenyl] propane-co-Trimellitic

20 Anhydride Chloride Oligomers End-Terminated with Phthalic Anhydride
In this procedure, trimellitic anhydride chloride (1.149 grams, 5.46 mmol),
[,3-bis(3-aminopropyl) tetramethyl disiloxane (0.226 grams, 0.91 mmol), and friethylamine
(0.663 grams, 6.55 mmol) were dissolved in N-methyl-2-pyrrolidone/THF cosolvent (70/30 vol)
at 0-5°C o a concentration of 15 wt. %. The solution was allowed to stir at 0-5°C under an inert
25  atmosphere for 12 hours. Next, 2,2-Bis[4-(4-aminophenoxy) phenyl] propane (2.0 grams, 4.87
mmol), phthalic anhydride (0.108 grams, 0.729 mmol), and additional N-methyl-2-pyrrolidone

18



10 N-nethyl -2-pyrroli donc/ THE cosol vent (70/30 vol) at 0-5Cto a
concentration of 15 % The solution was allowed to stir at 0-5C

under an |W&?t"°9é(t°ﬁ?)2§phere for 12 hours. Next, PCT/US2008/068170
2, 2- Bi s[ 4- (4-am nophenoxy) phenyl] propane (2.0 grans, 4.87 mol),

pht hal i ¢ vagrBYdlicdde a (RalQe8cc@traith ofQ 5 44 5% ML kolufdltwaddintel @N@bm temperature
N- net hyl- 2- pyrrol i done were added to a final concentration of 15 w.
% The soldeasringihainesplherer 42 hewsnl h@@ﬁﬂéh@g preeipitatel grietaplaimingrohloride) was

at m)Spherl‘ﬁte A ]@n%?%lr e d@”%gxlmg A4S agt?cgl t& 119 R ea?cll solgt uton t&t {nei\:ah é’lZCOqtl‘OplC

chloride) was gr ans
am c- aci dokibuta emove “fatﬂt gy 1aﬂe1®ﬁtidmphﬁlcﬁ®¢aufcm@16d oot yelaNg: i kelution to

durin Lzation was carried out by heating the solution to
180C gor Tﬁgoé f laﬁat‘dﬂi%ﬂ" g%]f%“s ﬁ#&l?ﬁégusflmﬁ& igideguloranesa o graspin coated

sol uti on ;as06 Hk r&akednal okoR?d f to form
voi d- freé1 orrgjgljeneous |n rrtg. 01218 Ol\gx%mfblggl}%glé‘%%g%uszoos/ 068170

EXAMPLE 11 Application, Bonding, and Debondi ng The formul ations
from Exanples 1 through 10 were spin-coated onto vari ous substrate

waf ers. Aftar akl g t(S’ evap@t‘aatf’éa t he CSO| nt, a F§ec fer @
bonded t ;J—Sn’ifayt }LL%& W)%\%
procedur t ry Hwafetjm3 i n@’ usi ese adhesi (&% i soshown

in Fig. 2. ?he bon ded wafers were tested for nechéhlcal strength
thermal stability, and chem cal resistance. The ers testﬁd
for de-bonding by manually sliding them apart®a &

tenperatures. 10EXAMPLE 12 Anal ysis of the Adhesives - Polyimdes
The viscosity, softening point, and Tg of the conpositions of
Exanples 1 and 3 are reported in Table 1, and all these materials
were successfully tested for de- boEgmngpngrther studi es on thermal
stability and chem cal resistance were carried out on these four

conpddi t i ons AmigaCappsd RipideraneerrpasBisidddsApinepkanssy) mhheyl} pgpinced-
rer ot o5 g .o b - AR9E AU DL AR L Bl
EXAVPLE VI SCO8I Ts Spfdeedireg tiitectfitte adnhydridd |chuidar (W29 kams, 1.77 mmol),
1,3-bis(3-aminopropyl) tetramethy! disiloxane (0.220 grams, 0.89 mmol), and triethylamine
(0.215 grams, 2.12 mmol) were dissolved in N-methyl-2-pyrrolidone/THE cosolvent (70/30 vol)
15 at0-5°C to aconcentration of 15 wt. %. The solution was allowed to stir at 0-5°C under an inert
atmosphere for 12 hours. Next, 2,2-Bis[4-(4-aminophenoxy) phenyl] propane (2.0 grams, 4.87
mmol), 4,4'-Bisphenol-A-dianhydride (1.840 grams, 3.54mmol), phthalic anhydride (0.141
grams, 0.95 mmol), and additional N-methyl-2-pyrrolidone were added to a final concentration
of 15 wt. %. The solution was stirred at room temperature under an inert atmosphere for 12
20 hours. The resulting precipitate (triethylamine chloride) was filtered, and xylene (3.0 grams) was
added to the amic-acid solution to form an azeotropic solution to remove water during
imidization, which was carried out by heating the solution to 180°C for an additional 12 hours.
The resulting amide-imide-siloxane solution was spin coated at 1,500 rpm for 60 seconds to form

void-free, homogeneous films.
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Tg (Pa.S, 350C) (in Cat 3,000 Pa.S) (MDdaltons) (C) 1 50 210 10, 800

| ysis of the Adhesives -
I%Sllygm'lgei2P]Z-Pi(%)d%?ﬂ'g5%)"9"2%52 EXAVPLE 13 25Analys] PCT/US2008/068170

CH; CHy

Q 9 o o} o 0

T i C. L &
OO oo o 00—+ 0 SO
1 J H CHy  CH, A o oz S oo 5708 o

) EXAMPLE 10

5 Amide Capped Polydisiloxane-co-2,2-Bis[4-(4-Aminophenoxy) phenyl] propane-co-

Trimellitic Anhydride Chloride Oligomers End-Terminated with Phthalic Anhydride
In this Example, trimellitic anhydride chloride (1.080 grams, 5.13 mmol), aminopropy!
terminated polydimethylsiloxane (commercially available from Gelest, Inc., 0.420 grams, 0.47
mmol), and triethylamine (0.623 grams, 6.15 mmol) were dissolved in
10 N-methyl-2-pyrrolidone/THF cosolvent (70/30 vol) at 0-5°C to a concentration of 15 wt. %. The
solution was allowed to stir at 0-5°C under an inert atmospherc for 12 hours. Next,
2,2-Bis[4-(4-aminophenoxy) phenyl] propane (2.0 grams, 4.87 mmol), phthalic anhydride (0.063
grams, 0.425 mmol), and additional N-methyl-2-pyrrolidone were added to a final concentration
of 15 wt. %. The solution was stirred at room temperature under an inert atmosphere for
I5 12 hours. The resulting precipitate (triethylamine chloride) was filtered, and xylene (2.4 grams)
was added to the amic-acid solution to form an azeotropic solution fo remove water during
imidization, which was cartied out by heating the solution to 180°C for additional 12 hours, The
resulting amide-imide-siloxane solution was spin coated at 1,500 rpm for 60 seconds to form

void-free, homogeneous films.

20
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The conpositions of the ami deinide polyners from Exanples 5-7 have
aromatic amnes that have ether or al kane |inkages. As a result,

mat eri al s WYY 2of t eni ng points, glass transition t%’ésrzﬁ‘lsﬁ’f%‘g“

and nelt viscosities. The theol ogy data of the exanple materials are
shown in Fig. 3. The viscosity, so%( JgELGﬁFIOI nt, and Tg of the
exanpl es are reported in Table 2 t hese materials have been
successfully tested for de-Aypiiditivg, Bnwditd)end Behudiding on t her nal

stability and _ch nce have been carri.ed out on these
conmposi ti ons. i\f % ngu?’lttlﬁléss 0111&@@1@@1@@} toaeehgBiere EpiEaglefs@ite garious substrate
conposi t kORSs. pﬁﬁé‘?ﬁﬁm%mhfe\fa Qe R ohRRL H@écgﬁ& @Qf& bhy b(ﬁ"%lea ﬁ)%%&h ek Warer

350C and exhibit m ni - gassi ng
Propeft i égapflyikx ares{ire sl Iﬁiﬂ)l@q&mﬁlt\fbmbmhﬁ’ Wﬂ&-[@,ﬂd@lﬁﬁl@)lg Sefd alhesges

Ie m)g; a}vgﬁrsgeﬁil ?{}Pcl:g,z?f . aﬁi’? B(eol%lecﬁ) %lafsc)l 'S Wele sted 0(1) lsnseclgalmscgf stl%flg[ﬁ ,l thfi:argn a?s?%%ill;’gﬂqld
chemical resistance. The wafers were tested for de-bonding by manually sliding them apart at

acceptable temperatures.

10 EXAMPLE 12
Analysis of the Adhesives - Polyimides

The viscosity, softening point, and T, of the compositions of Examples 1 and 3 are

reported in Table 1, and all these materials were successfully tested for de-bonding. Further

studies on thermal stability and chemical resistance were carried out on these four compositions.

15 All of these compositions possessed the required thermal stability of at least up 1o 350°C and

exhibited minimal out-gassing (<0.5 wt. %).

Table 1 - Properties of Examples 1 and 3

EXAMPLE VISCOSITY Softening Temperature | Molecular Weight T,
(Pa-S, 350°C) (in °C at 3,000 Pa-S) (M,,, Daltons) °C

20 1 50 210 10,800 161
3 15 210 6,100 152

EXAMPLE 13
25 Analysis of the Adhestves - Polyamideimides
The compositions of the amideimide polymers from: Examples 5-7 have aromatic amines
that have ether or alkane linkages. As a result, the materials have low softening points, glass
transition temperatures, and melt viscositics. The rheology data of the example materials are
shown in Fig. 3. The viscosity, softening point, and T, of the examples are reported in Table 2,
30 and all these materials have been successfully tested for de-bonding. Further studies on thermal

stability and chemical resistance have been carried out on these compositions. All of these
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Daltons) Tg (C) 5 20 253 1.337% 6,000 173 6 112 282 1.561% 3, 000 195
7 37 255 2.218%

10

15

20

25

30

WO 2009/003029 PCT/US2008/068170

compositions possess the required thermal stability at least up to 350°C and exhibit minimal out-

gassing (<0.5 wt. %).

Table 2 - Properties of Examples 5-7

EXAMPLE | VISCOSITY Softening Weight Loss Molecular T,
{Pa-S, Temperature (Isothermal at Weight (M,, | (°C)
350°C) (in °C at 3,000 Pa'S) 350°C for 4 hrs) Daltons)
5 20 253 1.337% 6,000 173
6 112 282 1.561% 3,000 195
7 37 255 2218% 6,000 163

EXAMPLE 14
Analysis of the Adhesives — Poly(Amideimide-Sitoxane)s

The compositions of the amideimide-siloxane polymers from Examples 8-10 include
siloxane units that are capped by amide groups, which form hydrogen bonding inter- and intra-
molecularly. As a result, the siloxane units are isolated from phase change and prevented from
introducing phase separation, This effect is shown below. The viscosities, softening points, and
T, of the examples are reported in Table 3, and all of these materials were successfully tested for
de-bonding. Further studies on thermal stability and chemical resistance have been carried out
on these compositions. All of these compositions possess the required thermal stability at least

up to 350°C and exhibit minimal out-gassing (<0.5 wt. %).
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EXAMPLE 15

Trimellitic Anhydride Chloride-co-2,2-Bis[4-(3-Aminophenoxy) Phenyl]

Sulfone-co-Bisphenol-A-Dianhydride Oligomers
End-Terminated with Phthalic Anhydride

Trimellitic anhydride chloride (2.245 grams, 10.66 mmol),2,2-Bis[4-(3-aminophenoxy)
phenyl] sulfone (10.0 grams, 23.12 mmol), and triethylamine (1.294 grams, 12.79 mmol) were
dissolved in N-methyl-2-pyrrolidone at 0-5°C to a concentration of 15 wt. %. The solution was
allowed to stir at 0-5°C under an inert atmosphere for 1 hour, Bisphenol-A-dianhydride (5.550
grams, 10.66 mmol), phthalic anhydride (0.555 grams, 3.74 mmol), and additional
N-methyl-2-pyrrolidone were added to a final concentration of 15 wt. %. The solution was
stirred at room temperature under an inert atmosphere for 20 hours. The resulting precipitate
(triethylamine chloride) was filtered, and xylene (6.2 grams) was added to the amic-acid solution
to form an azeotropic solution to remove waler during imidization, carried out by heating the
solution to 180°C for an additional 12 hours. The resulting amide-imide solution was spin

coated at 1,500 rpm for 60 seconds to form void-free, homogeneous films.
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NCl1-12)-3-Si-OSi-CH2)7N.c HIIl ICH3 cid,lir 1 22 WO

2009/ 003029PCT/ US2008/ 068170 Table 3 - Properties of Exanples 8-10
EXAMPLE VI SEOEM3¥Ba. S, 350C) Softeni ng Tenperature (i RCCUALOG)BOOD
Pa.S) Weight Loss (lsothermal at 350C for 4 hrs)

10

15

20

25

EXAMPLE 16
BisphcnoI-A-Dianhydride-co-2,2—Bis[4-(4-A1111'nophcnoxy) Phenyi]
Sulfone Oligomers End-Terminated with Cyclohexylamine
In this procedure, 4,4-Bisphenol-A-dianhydride (10.624 grams, 20.40 mmol),
2,2-Bis[4-(4-aminophenoxy) phenyl] sulfone (8.0 grams, 18.5 mmol), and cyclohexylamine
(0.399 grams, 4.0 mmol) were dissolved in N-methyi-2-pyrrolidone up to a final concentration
of 10 wt. %. The solution was allowed to stir at room temperature under an inert atmosphere for
12 hours. Xylene (12.0 grams) was added to the resulting amic-acid solution in order to form an
azeotropic solution to remove water during imidization, which was carried out by heating the
solution to 180°C for additional 12 hours. The resulting imide solutions were spin coated at

1,500 rpm at 60 seconds to form void free homogeneous films.

QTL@;@L T o o s @%t@x o100

EXAMPLE 17
Bisphenol~A—Dianhydride-co~2,4,6—T1'imethyl-m—Phenylenediamine—co-
2-Methyl-1,5-Pentanediamine Oligomers End-Terminated with 2,6-Dimethyl Aniline

In this Example, 4,4-Bisphenol-A-dianhydride (20.0 grams, 3843 mmol),
2,4,6-trimethyl-m-phenylene diamine (0.811 grams, 5.40 mmol), 2-Methyl-1,5-Pentanediamine
(commercially available from Invista under trade name of Dytek-A, 3.556 grams, 30.60 mmol),
and 2.6-dimethy! aniline (0.609 grams, 5.03 mmol} were dissolved in N-methyi-2-pyrrolidone
up to a final concentration of 10 wt. %. The solution was allowed to stir at room temperature
under an inert atmosphere for 12 hours. Xylene (16.6 grams) was added to the resulting
amic-acid solution in order to form an azeotropic solution to remove water during imidization,
which was carried out by heating the solution to 180°C for an additional 12 hours. The resulting
imide solutions were spin coated at 1,500 rpm at 60 seconds to form void-free, homogeneous

filims.
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EXAMPLE 18
Bisphenol-A-Dianhydride-co-3,3'-Diaminodiphenyl Suifone-co-2-
5 Methyl-1,5-Pentanediamine Oligomers End-Terminated with Cyclohexylamine

In this procedure, 4,4'-Bisphenol-A-dianhydride (10.0 grams, 19.2 mmol},
3,3-diaminodiphenyl sulfone (2.220 grams, 8.9 mmol), 2-Methyl-1,5-Pentanediamine
(commercially available from Invistaunder trade name of Dytek-A, 1.039 grams, 8.9 mmol), and
cyclohexylamine (0.273 grams, 2.8 mmol) were dissolved in N-methyl-2-pyrrolidone up to a
10 final concentration of 10 wt. %. The solution was allowed to stir at room temperature under an
inert atmosphere for 12 hours. Xylene (9.0 grams) was added to the resulting amic-acid solution
inorder to form an azeotropic solution to remove water during imidization, carried out by heating
the solution to 180°C for additional 12 hours. The resulting imide solutions were spin coated

at 1,500 rpm at 60 seconds to form void-free, homogeneous films.
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312 2.293% 16, 000 150 10EXAMPLE 15 Trinellitic Anhydride
Chloride-cggg 2-Bis¥4-(3-Aninophenoxy) Phenyl ]
Sul f one- co- g%’ﬁ@?ﬁg % A-Di anhydride A igoners End- Ter m n&CEWS0/M68170
Pht hal i ¢ Anhydride Trinellitic anhydride chloride (2.245 grains,
10. 66 mol ), 2, 2- Bi s[ 4- ( 3- am nophenoxy) 15 phenyl] sulfone (10.0
grams, 23.12 mmol ), and triethylamne (1.294 grans, 12.79 mmol) were
di ssolved in N-nethyl-2-pyrrolidone at 0-5C to a concentration of tBN):)
w. % The solution was allowed to stir at 0-5C under an inert
at nosphere for 1 hour. Bisphenol - A-di anhydride (5.550 grans, 10.66} ©
mol ), phi:hallo anhydride (0.555 granms, 3.74 mmol), and additi opaP
N- et hyl- 2-pyrroli done were added to a final concentration of
% The solution was 20 stirred at roomtenperature under an i t
at nosphere for 20 hours. The resulting precipitate (tri Pan ne
chloride) was filtered, and xylene (6.2 grans) was defi<40 the
am c-acid solution to forman azeotropic sol uti ve wat er
duringmdi zation, carried out by heating the s “to 180C for
an addi al 12 hours. The resulting am de-®m solution was spin
coated ay §-<300 rpmfor 60 seconds to form yoj-¢-free, honogeneous
films. 2 dgég 2009/ 003029PCT/ US2008/ 068170 HXANPLE 16
Bi sphenol - A-&) anhydri de- co- 2, 2- Bi s[ 4- (4- Ay

WWne 5In this procedure,
ms, 20.40 mol ),

A igoners En erm nated wi th Cycl ohexyl 3
4, 4r - Bi sphenol -_di anhydri de ( Ogggﬁﬁ.gﬁ
o—(%ﬁo N4

oN_ 0
O4g\e

i

ophenoxy) Phenyl ] Sul fone

EXAMPLE 19
Bisphenol-A-Dianhydride-co-2,4,6-Trimethyl-m-Phenylenediamine-co-
5 1,2-Diaminocyclohexane Oligomers End-Terminated with Cyclohexylamine

In this Example, 4,4-Bisphenol-A-dianhydride (10.0 grams, 192 mmol},
2,4.6-trimethyl-m-phenylenediamine (0.663 grams, 4.42 mmol), 1,2-diaminocyclohexane (1.514
grams, 13.26 mmniol), and cyclohexylamine (0.317 grams, 3.2 mmol) were dissolved in
N-methyl-2-pyrrolidone up to a final concentration of 10 wt. %. The solution was allowed to stir
10 at room temperature under an inert atmosphere for 12 hours. Xylene (8.3 grams) was added to
the resulting amic-acid solution in order to form an azeotropic solution to remove water during
imidization, carried out by heating the solution to 180°C for an additional 12 hours. The
resulting imide solutions were spin coated at 1,500 rpm for 60 seconds to form void-free,

homogeneous films.
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2, 2- Bi s[ 4- (4- am nophenoxy) phenyl] sulfone (8.0 grans, 18.5 mmol),
and cycl oh l.ami ne (0.399 grams, 4.0 mml) were dissolved in

N- net hy1- 2?@#?‘8’(“."%1‘5 e up to a final concentration of 1Qomus266s/0dd16n
solution was allowed to stir at roomtenperature under an inert

at nosphere for 12 hours. Xylene (12.0 grans) was added to the

resulting amc-acid solution in order to forman 10 azeotrop
solution to renpyve water during imdization, which was carri e@.ﬂ by
heati ng the solutlion to 180C for additional 12 hours. The resulting
i mde solution re spin coated at 1,500 rpmat 60 second$’ form
voi d free horipgrnedus films. oi 000 N) AOOrN-0-0-0- A-0-ON) A MPLE
17 Bi sphenol - A- X anhydri de-co- 2, 4, 6-Tri net hyl - m Phenyl enedi afi ne- co-
2- Met hyl- 1, 5- Pént anedi am ne A igoners End-Term nated with-

2, 6-Di net hyl Bhiline In this Exanple,

4,41- Bi sphen A-di anhydride (20.0 grans, 38.43 mol),
2,4,6-trinmethyl-mphenyl ene diam ne (0.811 grans, 5.40 )5
2-Methyl -1, 5"BPentaned i amine 20 (comercially avail abl rom

I nvi sta under{ §jrade nane of Dytek-A, 3.556 grans, 30. ool ), and
2.6-dinethyl dniline (0.609 grans, 5.03 mmol) were g | ved in
N-metllbyl -2-py idone up to a final concentration ofyt28 wt. % The
solution was al\ldwed to stir at roomtenperature undg¢r an inert
at nosphere fo® h Ohours. Xyl ene (16.6 granms) was ed $0 the
resul ting am c-acid\solufi@an in order to formansazeotfopic sol ution
to renpbve wat } Hm tion, 25 whj N i ed out by
heating the soMutiopn to Q%Wtd 12/fiours. The
resulting imde sol utfons were sprnicodt ed at” 1, 500 rpmat 60 seconds
to formvoid-free, honogeneous filnms. WO
20094903029PCT/ US2008/ 068170 EXAMPLE 18
Bi spf11enol - A- D anhydri de-co- 3, 31- Di am nodi phenyl Sul f one- co- 2-
5Met hyl - 1, 5- Pent anedi am ne A igoners End-Term nated with
Cycl ohexyl am ne In this procedure, 4,4r-Bisphenol -A-di anhydride
(10.0 grans, 19.2 nmmol), 3, 3'-di arixesirppeny!l sul fone (2.220 grans,
8.9 mol), 2- | - - Pent anedi am ne (comercially avail abl e
froni nvi sta uﬁ%@ %flPé}égD‘ﬁ‘gH’éi“g Sy el Liimethyloa e hynylrmsdiadnige-coml)., and
&’(;g’ohhsr}’lz??;??’ée@?‘ﬁi gyggﬁiﬁg’lagﬁn@oﬁéﬂﬁll@}s Med Sedlinsod Ve dyg[ohexyiamine

In" this  procedure, 4,4'-Bisphenol-A-dianhych‘ide (10.0 grams, 19.2

| mmol),
2,4,6-tr1methyI—m-phcnylenediamine (0.657 grams, 4.38
4.4'

mmol),
-methylene-bis-cyclohexylamine (2.762 grams, 13.13 mmol), and cyclohexylamine (0.355

grams, 3.58 mmoal) were dissolved in N-methyl-2
10 wt. %.

-pyrrolidone up to a final concentration of

The solution was allowed to stir at room temperature under an inert atmosphere for

25 12 hours. Xylene (9.2 grams) was added to the resulting amic-acid solution in order to form an
azeotropic solution to remove water during imidization, which was carried out by heating the
solution to 180°C for an additional 12 hours, The resuiting imide solutions were spin coated at
1,500 rpm for 60 seconds to form void-free, homogencous films.
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10 final concentration of 10 wt. % The solution was allowed to stir
at roomte r [ nder an inert atnosphere for 12 hours. Xylene
(9.0 gram?R’&/gg&g'a%ég to the resulting am c-acid sol uti ®ACTVUS2ams0es17¢ O
forman azeotropic solution to renove water during imdization
carried out by heating the solution to 180C for additional 12 hours.
The resulting i mde solutions were spin coated at 1,500 rpm at 60
seconds to formvoid-free, honogeneous Elns. 15 WD

2009/ 003029PCT/ US2008/ 068170 EXAMPLE 19 Bi

sphenol - A- Di anhydri de-co- 2, 4, 6- Tri net byl - m Phenyl enedi am ne-co-

51, 2- Di am nocycl ohexane O igoners End-Term nated with Cycl ohexyl am ne
In this Exanple, 4,4l-Bisphenol-A-dianhydride (10.0 granms, 19.2
mol ), 2,4,6-trinmethyl-mphenylened i amne (0.663 grans, 4.42
mol ), 1, 2-di am nocycl ohexane (1.514 granms, 13.26 mml), and
cycl ohexyl am ne (0.317 granms, 3.2 nmmol) were dissolved in 0
N- et hyl - 2-pyrrolidone up to a final concentration of 10 wt. @6OfE§

solution was allowed to stir 10 at room tenperature under an ingrf
at nosphere/ bor 12 hours. Xylene (8.3 gnams) yas added to tge &
] on

resul ti -aci d sol n azeotrophe, s I
to renove teP i g mali zati on, cCarxied duto Hg gt he

solution to 180C for an additional 12 hélirs. The resu ting i mde
solutions were spin coated at 1,500 rpmfor 60 seconds to form
voi d-free, honogeneous filnms. 15 WD 2009/003029 PCT/ US2008/ 068170

15 EXAMPLE 20

EXAMPLE 21
5 The viscosity, sofiening point, and T, of the compositions of Examples 15, 16, 19, and
20 are reported in Table 4, while the values of the compositions of Examples 17-18 are reporied
in Table 5. Further studies on thermal stability and chemical resistance were carried out on these

compositions. All of these compositions possessed the required thermal stability of at least up

0 350°C and exhibited minimal out-gassing (<0.5 wt, %).

10
Table 4 - Properties of Exaniples 15-16 and 19-20
EXAMPLE | VISCOSITY Softening Weight Loss Molecular T
(Pa;S, _ Temperature (Isothermal at Weight (M, (°(%)
350°C) (in °C at 3,000 Pa-S) 330°C for 4 hrs) Daltons)
15 4.943 240 1.420% 3,940 176
16 169.6 299 0.1740% 19,800 207
15 19 0.796 239 3.173% 4,780 185
20 29.47 273 0.866% 9,810 202
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Bi sphenol - A- D anhydri de-co-2, 4, 6- Tri met hyl - m Phenyl enedi am ne-co-4, 41
- Met hyl enew%lz'ﬁng%gdz};hexyl amne Adigonmers End-Termnated with

Cycl ohexyl am ne n this procedure, 4,41-Bi sphenol - A-rliTausrysrosgieg
(10.0, grains, 19.2 nmol), 2,4,6-trinmethyl-mphellyl enedi am ne (0.657

grans, 4. B"Balthﬁ)l-?;ooé],téioffﬁhypl@nlerm s-cycl ohexyl am 11le (2.762 grans,
13.13 mmo y [afnne u3’55—g'r-a1p-s——:3—58—m-E]—we;-e

di ssol ved 'ﬁ?}q‘l‘fr CV[g '3yflyr bl i dotrétepipet o a) . f Waight Isencent Matebwar qf T,
10 wt. % The sol ufi 0 al | owbdReEtse i r At (setbemblenpelr MeighgMing QFC)
an inert ptrosphere f Q é”‘h@tﬂéoo‘b@ﬂr%nn3@9?(2fog#ams) vaaltaeded to
the resul fingiamc aC|2d5§oI ution in;prder tp fo azeotropic

sol ution Fo TENMDVE]Watet—ttii-hg—-rid & z_a-t_l_o.n,_\mé_@ﬁ%s car ri2ed9 outf ¢
heating the sB utipn #¢5180G for anoadditional L3sapurs. Th?ﬁ?@ 150

resul ting i mde solutions were spin coated at 1, 500-+pmfor
seconds to formvoid-free, honobgeneous fil ns. 30 WO 2009/ 003029
PCT/ US2008/ 068170 EXAMPLE 21 5The viscosity, softening point, and
Tg of the conpositions of Exanples 15, 16, 19, and 20 are reported in
Table 4, while the values of the conpositions of Exanples 17-18 are
reported in Table 5. Further studies on thermal stability and

chem cal resistance were carried out on these conpositions. Al of

t hese conpositions possessed the required thermal stability of at

| east up to 350C and exhibited m nimal out-gassing (<0.5 w. %. 10
Table 4 - Pro erties of Ex15-16 nnd 1Q EXAMPLE VI SCOSI TY
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(Pa.S, 350C) .., - Softening Tenperature (in C at 3,000 PasS) Wi ght

Loss (Isothermal at 350C for 4 hrs) Ml ecul ar Wight (M), Daltons) T8
(C© 15 4.943 240 1.420% 3, 940

Claims:

1. A composition useful for bonding two substrates
together, said composition comprising a compound dissolved
or dispersed in a solvent system, said compound being
selected from the group consisting of polymers and oligomers
comprising repeating units of Formulas (I) and (I1):

O O
R
! 1
N N—X :
0 0O

wherein:

)

R 1s selected from the group consisting of

\C% 9
—f0—R—0}—+ FC” CF, and —e,sl+—

0]

wherein R, is sclected from the group consisting of
alkyl-substituted phenyls,
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176 16 169.6 299 0.1740% 19, 800 207 19 0. 796 239 3.173% 4, 780 185 20
29.47 273 0.866% 9, 810 202

X is selected from the group consisting of phenyl sulfones,
aromatics, aliphatics, and cyclic aliphatics,

0
1 N ’
Z—NH
: 0 ©

where Z is a moiety comprising an ether bridge selected
from the group consisting of

oo
(O-0+0-} -

wherein said compound further comprises an endcap group
derived fronra compound selected from the group con-
sisting of aromatic mono-amines, aliphatic mono-
amines, cyclo-aliphatic mono-amines, and phthalic
anhydrides,
2. The composition of claim 1, wherein X is selected from
the group consisting of alkyl-substituted phenyls, isopropy-
lideriediphenyl, and hexafluoroisopropylidene.

(In
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C ai ns: 1. A conposition useful for bonding two substrates

toget her, said conposition conprising a conpound di ssol ved or

di spersed in a solvent system said conpound being selected fromthe
group consisting of po |yners and ol i gonmers conprising repeating
units of Formulas (1) and (I1): (1) wherein: Ris selected from
the group consisting of 0 N"CF3,and 0 wherein R, is selected from

the group consisting of al kyl-substituted phenyl s, ,
. 3. The composition of claim 1, wherein said endcap group
is selected from the proup consisting of alkyls,

HyC
— (Re)7—Rs, ] . and

H;C

—-N ,

where;

R, is analkyl;

Rs 1s a cyclic aliphatic group; and

k is O to 20.

4. The composition of claim 1, wherein said solvent system
comprises a solvent selected from the group consisting of
N-methyl-2-pyrrolidone, xylene, dimethylacetamide, N N-
dimethylformamide, dimethyl sulfoxide, and mixtures
thereof.

5. The composition of claim 1, wherein said composition
comprises at least 30% by weight solvent sjfstem, based
upon the total weight of the composition taken as 100% by
weight,

6. 'llhfe composition of claim 1, said composition further
comprising surfactants, adhesion promoting agents, plasti-
cizers, antioxidants, and combinations thereof dispersed or
dissolved with the compound in the solvent System.

7. A polymer or oligomer comprising repeating units of
Formulas (1) and (11);
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Xis selected fromthe group consisting of phenyl sulfones, aromatics,
ali phatics, and cyclic aliphatics, where Zis a noiety conprising an
ether bridge selected fromthe group consisting of wherein said
conpound further conprises an endcap group derived from a conpound
selected fromthe group consisting of aromati c nono-am nes, aliphatic
nmono- am nes, cycl o-aliphatic nono-am nes, and phthalic anhydrides.

2. The conposition of claiml, wherein X is selected fromthe group
consi sting of alkyl-substituted phenyls, isopropylideried phegyl, and
hexat i uor oi sopropyl i dene, 3. The composition of claima1, erein
sai d endcap group is selfectied fromthe group conststing‘pf al kyl s,

H3 CO0 where: R, is allkyl; RS is & cyclic alfjphaticigroup; and k
N—X >
0
wherein:

is 0 to 20.
. R is selected from the group consisting of

XA 0
C
—~—O—R 03— F;C/ \CF::, and -—-{~|Sl-r——- ,

wherein R, is selected from the group consisting of
alkyl-substituted phenyls,

O+O} -

-continued

—g 3 and

X is selected from the group consisting of cyclic aliphatics,
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4. The conposition of claiml1l, wherein said solvent system conprises
a solvent selected fromthe group consisting of

N- et hyl - 2- pyrrol i done, xylene, dinethyl acetam de,

N, Ndi met hyl | or mam de, di net hyl sul foxide, and m xtures thereof. S.
The conposition of claim1l, wherein said conposition conprises at

| east 30% by wei ght sol vent system based upon the total weight of

the conposition taken as 100% by wei ght. 6. The conposi ti on of
claim1, said conposition further conprising surfactants, ﬂ si on
pronoti ng agents, plasticizers, antioxidants, argd conbinati o

thereof dispersed or dissolved with the conmpoupd in the sol vent
system 7, A polymer or olfi goner ) nepgating units of
Formulas (1) and (I1): wher ei n: i gLt ed 4 t he grQup
consi sting of wher ei n iZ5—sel ect.eq roup consisting of
al kyl - substi tuted phenyl s, - conty

O |

where Z is a moiely comprising an ether bridge selected
from thie group consisting of

lepone:
OO OO =
{O--OTO-OF

wherein said polymer or oligomer further comprises an
endcap group derived from a compound selected from
the group consisting ofaromatic mono-amines, aliphatic
mono-amines, cyclo-aliphatic  mono- amines, and
phthalic anhydrldcs.
8. The polymer or oligomer of claim 7, wherein said end-
cap group is selected from the group consisting of alkyls,
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Xis selected fromthe group consisting of cyclic aliphatics, thl)
where Z is a noiety conprising an ether bridge selected fromthe
group consisting of cF3 wherein said polyner or oligoner further
conpri ses an endcap group derived froma conpound sel ected fromthe
group consisting of aromatic nono-am nes, aliphatic nono-am nes,
cycl o-ali phatic nono-am nes; and phthalic anhydri des. 8. The

pol ymer or oligoner of claim?7, wherein said end-cap group is

sel ected fromthe group consisting of al kIyI s, 113C 0 where:
I;,C

_ﬁ- (R4) E—_ RS: 3 and

where:

R, is an alkyl;

R is a cyclic aliphatic group; and

kis O to 20.

9. A mmmmﬂbutmmm for bonding two substrates
together, said composition comprising a compound dissolved
or dispersed in a solvent system, said compound béing
se]ecte'd'from the group consisting of polymers and ol gomers
compnsmg repeating units of Formulas (1) and (I11);

(0
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R4 is an alkyl; R5 is a cyclic aliphatic group; and k is 0 to 20.

9. A conposition useful for bonding two substrates together, said
conposition conprising a conpound di ssol ved or dispersed in a sol vent
system said conpound being selected fromthe group consisting of

pol ymers and ol i soners conprising repeating units of Formulas (l) and
(rrr): (1) and wherein: It is selected fromthe group consisting of
0)c C, and -(-S)--, F3C CF30 wherein Rl is selected fromthe group
consi sting of alkyl-substituted phenyls, each Xi s individualy

sel ected fromthe group congisting of al kyl -supstituted phenyls,

i sopropyl i denedi phenyl, and hexafluo@oisopropy idene; add Z is a

n |
si | oxane havi ng the f@annul C
’ X=N \‘\,I'—Z—'N/
P O -
. X /
0

wherein:
R is selected from the Zroup consisting of

1
t

"_—f'O‘——R]__O')"“, K/C'\)Y , and "‘_f"]S,‘)'-—
l s

FC  CR o‘

wherein R, is sclected from the gr Y
: oup consisi
alkyl-substituted phenyls, £grouj sisting of

/
‘e

, and

each X is individually selected from the group consi stingof

alkyl-substituted phenyls. i i i

: Y18, 1sopropylidenediphe
_hexaﬁuormsopropylidene; ancIi} " phenyl and
Z is a siloxane having the formula

R3 R3

R? As
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| RBR3 where: each le is individually selected fromthe group

consi sting of hydrogen, alkyls, and phenyls; inis Ito 6; and pis 1
to 50; and wherein said conpound further conprises an endcap group
derived froma conpound selected fromthe group consisting of
aromati ¢ nono-am nes, aliphatic nono-am nes, cyclo-aliphatic
nono- am nes, and phthalic anhydri des, 10. The conposition of claim
9, wherein said solvent system conprises a solvent selected fromthe
group consisting of N—nethyl 2- pyrrolldone xyl ene, -

di met hyl acet am de, N hyl sul f oxi de and

m xt ures thereof ea;ﬁjé c%r?‘%é’ﬂf‘li o Sé%ecgidaﬁﬁﬁugt he gheyRFonsai d
conposi tion conpri ses atSI9tiegst hydogasy, v&)é\ﬁéﬂi@né@leéﬁﬁ, system based
upon the total weight Bfis {fe Gcanposi tion taken as 100% by wei ght.

12. The conposition ofp ©llaiond® andai d conmposition further conprising
surfactants, adheswhargm erdtomgoagehtrdier pbaptived drindca@iioupXi dant s,
and conbi nations t hedeoieddhsparsathnddicigalveRdnwit Brélicgrmound in

the sol vent system ‘;mtn ofAaRAh YT 18 ohligalrer); r'n? repeating
units of Formulas (I § ébod}?s?@ilﬁﬁ.%}%&fi pn C CF30

wherein R, is sel ecr:réﬁ?{;lEF’r SPrfoltoﬁﬁlde
al kyl _subst it ut ed phigthygdes.

' 10. The composition of claim 9, wherein said solvent sys- .
tem comprises a solvent sclected from the group consisting of
N-methyl-2-pyrrolidone, xylene, dimethylacetamide, N,N-
dimethylformamide, dimethyl sulfoxide, and mixturcs
thereof.

11. The composition of claim 9, wherein said composition
comprises at least 30% by weight solvent system, based
upon the total weight of the composttion taken as 100% by
weight.

12. The composition of claim 9, said conposition firther
comprmmg surfactants, adhesion promoting agents, plasn-
cizers, antioxidants, and combinations thereof dlSpCI‘bed or
dissolved with the compound in the solvent system.

13. A polymer or oligomer comprising repeating units of
Formulas (1) and (I11):
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each Xis individually selected fromthe group consisting of

al kyl - substituted phenyls, isopropylidenedi phenyl, and

hexaf | uor oi sopropylidene; and Z is a siloxane having the fornul a
where: each R3 is individually selected fromthe group consisting of
hydr ogen, al kyls, and phenyls; inis 1to 6; and pis Ito 50; and
wherein said conpound further conprises an endcap group derived from
a conpound selected fromthe group consisting of aromatic
nono- am nes, aliphatic nono-am nes, cycl o-aliphatic nono-anines, and
pht hal i ¢ anhydri des.

0 O O 0
I] i
C. e .
"‘N—Z~—~N" \
q H
O ]

wherein: '
R is selected from the group consisting of

0
—O0—R— 09—, ?Q/C\)Y, and _—:(—!')-"",
FiC  CFy (I3

wherein R, is selected from the group consisting of
alkyl-substituted phenyls,

, and

OO
{00y -

each X is individually selected from the group consisting of
alkyl-substituted phenyls, isopropylidenediphenyl, and
hexaftuoroiscpropylidene; and

Z is a siloxane having the formula

RJ k]

_‘('(Rg)m_?i_('o_fl"if}P_(RJ)m"}_ J
R3 r?

38



where:

each R is individually selected from the group con-

sisting of hydrogen, alkyls, and phenyls;
mis | to 6; and
p is 1 to 50; and
wherein said compound further comprises an endcap group

derived from a compound selecied from the group con-
sisting of aromatic mono-amines, aliphatic mono-
amines, cyclo-aliphatic mono-amines, and phthalic
anhydrides.
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