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bel ow ssigkeatir has 4l dielgtgricriopstalt dfavidiga anajbeleal isi  reduce the

constant (k) < 3. 1 i R
dielectric constant of insulator materials down to a theoretical limit of 1.0,
and several methods are known in the art for reducing the dielectric constant
of insulating materials. These techniques include adding elements such as
fluorine to the composition to reduce the dielectric constant of the bulk
material. Other methods to reduce k include use of alternative dielectric

material matrices. Another approach is to introduce pores into the matrix.

Therefore, as interconnect linewidths decrease, concomitant decreases
in the dielectric constant of the insulating material are required to achieve the
improved performance and speed desired of future semiconductor devices.
For example, devices having minimum feature sizes of 0.13 or 0.10 micron

and below seek an insulating material having a dielectric constant (k) < 3.
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transition tenperature, high nodulus or hardness,
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to a substrate, wafer, or other surface. Therefore, it may be useful to
investigate other compounds and materials that may be used as dielectric
materials and layers, even though these compounds or materials may not be.

currently contemplated as dielectric materials in their present form.



METHOD CONSTANT (k) Fluorinated silicon oxide PE-CVD;

3.3-3.5 US Patent 6,278,174

(Si OF) HDP- CVD Hydr ogen

WE4A4072. 5 US Patents 4, 756,977; 5,370, 903; BCIUS2003/034816

Si | sesqui oxane (HSQ 5, 486, 564;
WO 00/ 40637; E.S. Moyer et al.,
Low k Sil sesqui oxane Based Resi ns"

Publ i cati oi

for Low Di el

I\/aterlal

ectric Co

Now and the Ne

nst ant  <Q.

o

Pat ent
"Utra
Concepts and Needs
15, um | nt er connect

nt er nati onal

aQg 1Y enni um Sponsored Z

N STEREVRIC P

i dcﬁ@;&ﬁlm X g

ges IZE IAGclgNeNearoer
ne SCD 2.4-2.7 US

[f O L TV .d T yal UJST1 I 1 \/UI
F'”°’U§e éﬂcé?ﬂf’x'%e e | uo?‘?égst ed |Anor phoussuﬁ%lB %&ﬁ
”31 FRL&ETT 5, P00 gg80 Car 096 2= CI[F) US Patents 4,756,977, 5,370,903; and
SIIS&%UIZ%yG‘ISQbUt ene(BCB) |SCD 2. 4-2. 1 UasBabenkterhatiddd pa&h Publicatior
Pol yaryl ene Et her (PAE|l SOD 2.4 U3 Pat Bt &0/8)6086:. Dapyer et al.,
5,874,516; ahd 5, 658,994 Paryl erle”"yir gk ﬁ)ses@\mage Bpsed Resins”
US Patent 5,P68,202 SOD 2.6 US Pa rﬁogceefs 6§N697’ Dislecic
6, 288, 188B1;| Pol yphenyl enes and %’Féaf’ e Fr,c;””‘;‘;ton:;fe";l
"Integration| Feasibilili of Porouys i r@hg,p,pﬂ gfeq; pages 12¢
Dielectric",{Proc. O [the 2001 I nternatm@n@l,emberm 17, 1999)
MethpsiespnpRRee | Tecdop Conf ., 2pp.7 253- 254 (20@lpatent 6,143,855
Themaoisett abl e SOD 2.3 I ntérnatidnal Patent
PPM@dngﬁl‘:bron MO S98nzogycl abiitenes, 00/ 31 URMHptent 6,225,238
Fluogi Wy;@ws HeheYPoset t aBl3e US Patent 5,900,290
on {a-
Benzocyclobutene(BCB) SOD 2.4-2.7 US Patent 5,225,586
Polyarylene Ethér(PAE) SOD 2.4 US Patents 5,986,045; 5,874,516; and
5,658,994
Parylene {N and F) CVD 2.4 US Patent 5,268,202
SOD 2.6 US Patents 5,965,679 and 6,288,188B1,
Polyphenylenes and Waeterloos et al., "Integration Feasibilit
‘ of Porous SiLK Semiconductor Dielectric”,
Proc. Of the 2001 International Interconne:
Tech. Conf., pp. 253-254 (2001).
Thermosettable SOD 2.3 International Patent Publication WO
benzocyclobutenes, 00/31183
polyarylenes,
thermosettable
perfluoroethylene
monomer
Poly{phenylquinoxaline), SOD 2.3-3.0 US Patents 5,776,990; 5,895,263;
organic polysilica 6,107,357; and 86,342,454, and US Paten
. Publication 2001/0040294
Organic polysilica SOD Not reported US Patent 6,271,273
Organic and inorganic SOD 2.0-2.5 Honeywell US Patent 6,156,812
Materials
Organic and inorganic SOD 2.0-2.3 Honeywell US Patent 6,171,687
Materials
Organic materials SOD Not reported Honeywell US Patent 6,172,128
Organic SOD 2.12 Honeywell US Patent 6,214,746
Organic and inorganic SOD Not reported Honeywell US Patent 6,313,185
materials .
Organosilsesquioxane CvD, SOD < 3.9 Honeywell WO 01/29052
Fluorosilsesquioxane CvD, SOD < 3.9 Honeywell US Patent 6,440,550
Organic and inorganic SOoD <25 Honeywell US Patent 6,380,270
materials
Organic materials - < 3.0 Honeywell US Patent 6,380,347
Cage based structure SOD <2.7 Honeywell Serial 10/158513
filed May 30, 2002
Cage based structure SOD <3.0 Honeywell Serial 10/158548
filed May 30, 2002




per fl uoroet hyl ene nononer Pol y( phenyl qui noxal i ne),

SOD 2.3-3.0 US Patents 5,776,990; 5,895,263; organic
w@eigsilorza 6, 107, 357; and 6, 342, 454; and US PetBNS2003/034816

Publ i cati on 2001/ 0040294 Organic polysilica SOD Not

reported US Patent 6,271,273 Organic and inorganic

SOD 2.0-2.5 Honeywel | US Patent 6,156,812 Materials

Organic and inorganic SOD 2.0-2.3 Honeywel | US Pat ent

6, 171, 6RAotHdt eap@oachr orNi eleBBdadiei attse SAiklbotric constant of a
reported Honeywel | US Patent 6,172,128 Organic SCD
2. semidondywkar deydceas she iBclpsionzaban @iygapc QRE method for air gap

o, e SrEieDN S B RET UL eleBiEh EORRE Iagges tausht by V.

3. ne 8993% Flemsrer l\SeSSHE PRAE0RNERL for Sub 0.1
> SC%”ERS. }g’rYi%}_%Laéc))%ﬂeQJ{/ us Patvgnt 6, 440, %%HO gani ¢ and or =t

i NPligani CVRDD TecAnblddiexy vaDd0 1 LHSoéeecbngs ©f38®raggonal Interconnect
materials Oganic materials Honeywel |

Pal @#tn®098 Qﬂfﬁre'@%e%ﬁ%e‘b‘%tgaegbreBSﬁ‘)UQ‘? 52'8 has a dielectric

Ho e 1

S b RO b0 an undesiti
f ' I’(&an@/ﬁ)\éfﬁ\@d 29 QRe MO AN 46ASENT o PEH /152 003¢1 04 Rtbric structure
Anot her approach to decrease the dielectric constant

10 of campssingotirbuds dirlecicis, icapy Echnztopsiang berdinaglk.r See also US

O PaionhBaLbn 28 ot Miathaber THRRAECet Hioh: SHf pE°Ls Patents
Aféaies gt 9@?@8‘ 9*77%06632#‘\7@5 Cu-Si @2 Air Gap

| nt er connect 1 Mcr'on CMOS Technol ogi es”,
2001 Proceedi ngs of I nt er nati onal | nterconnect

Another way to generate air gaps is to use non-conformal silane

15 deposition techniques resulting in “breadloafing” at upper corners of metal
lines as taught by B.P. Shieh et al., “Electromigration Reliability of Low
Capacitance Air-Gap Interconnect Structures”, 2002 Proceedings of
International Interconnect Technology Conference (June 3-5, 2002). The
preceding approach yields undesirable irregular shapes and an air gap that is

20  either higher than the metal wire resulting in mechanical disadvantage or
smaller than desired resuiting in a higher keffecive. See also US Patents

6,281,585 and 6,376,330.

Hollie A. Reed et al., “Porous Dielectrics and Air-Gaps Created by

25  Sacrificial Placeholders”, International SEMATECH Ultra Low k Workshpp
(June 6-7, 2002) teaches that polycarbonates and polynorbornene
homopolymer may be used to fabricete air gaps. US Patent Application
Publication 2002/0122648 teaches air gap formation materials comprising
polynorbornene; polycarbonates; polyethers; and polyesters. US Patent

30 Application Publication 2002/0136481 also teaches that a useful air gap
formation material is polyformaldehyde.. See also US Patent 6,316,347. US
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PCT/ US2003/ 034816 Patent 6, 380, 106 t eaches t he use of

a foaponé talire hbsl lkss thahenvialpercersi stdiglyt lasfs to ensure dimensional
pol yet hyl ene gl ycol, pol ypropyl ene glycol, . .
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meyRasrthateBs, folyn®®oyséyd oehopugmeelaydi cifolpinedliel not meet this

US Patent 6,346,484 teaches air gap ) .
stringent industry requirement as seen in Figures 1 and 2.  Since the Hollie
A. Reed et al. article does not mention this industry requirement, the Hollie A.
Reed et al. article would not lead one skilled in the art to the present
invention ' meeting this industry need. In addition, polyethylene glyéol,
polypropylene glycol, and polybutadiene do not meet this industry

requirement. In addition, Hollie A. Reed et al. teaches a polyimide capping

layer that due to its nitrogen content, is undesirable in integration schemes.

In addition, a material that has a glass transition temperature (Tg) of at
least about 200°C is required to withstand the demanding integration

processing requirements. Unfortunately, US Patent 6,380,106's
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transition tenperature (Tg) of at 30 |east about 200C

is required to withstand the demandi ng i ntegration

processiRg gresehit RIRRALISN Mohviddsugas ebyer tévnRalenimaterials selected
6,380, 106's 5 WD 2004/041972 PCT/ US2003/ 034816

pofrget byé gneumlcposistingodfy peepantéhelegeylragnopolymers; acenaphthylene

pol ybut adi ene, fluorinate anor us carbon, and
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ether);.polyamide; B-staged multifunctional acrylate/methacrylate; crosslinked
styrene divinyl benzene polymers; and copolymers of styrene and divinyl
benzene with maleimide or bis-maleimides. Preferably, the materials have

less than two percent weight loss after holding at 300°C for one hour.

The present invention also provides a method of forming a gas layer
corﬁprising the step of: using a material selected from the group consisting
of acenaphthylene homopolymers; acenaphthylene copolymers; norbornene
and acenaphthylene copolymer; polynorbornene derivatives; blend of
polynorbornene and polyacenaphthylene; poly(arylene ether); polyamide; B-
staged multifunctional acrylate/methacrylate; crosslinked styrene divinyl

benzene polymers; and copolymers of styrene and divinyl benzene with
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forms.

Brief Description of the Drawings

Figure 1 is the ITGA plot for polynorbornene copolymer 1 (PNB 1) in

the Comparative below.

Figure 2 is the ITGA plot for polynorbornene copolymer 2 (PNB 2) in

the Comparative below.
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pol ynor bor nene copolymer 1 (PNB 1) in the Conparative

bel ow. Figure 2 is the ITGA plot for pol ynorbornene

copolynmer 2 (PNB 2) in the Conparative below. 30 7 WO

10 20041044 Tes dPipTiodS20 08 1B481i6n Figure 3 is the | TG
pl ot for acenaphthyl ene honopol yper .for I nventive . .
Exanpl elh® BENowJasilgyele @S qe@sﬁgg?erégng.wdﬁﬁf@a} & g9pting having
sche usj h € I i On Fi, Qi i i nd
I TGOE ot e o B R P el QERERE Taysriny i PHicRoqigotronic device o
Pr &$£Ythel REAAL hdanink) sPatai deuipies dryi plaisoim ah irtter-level dielectric
I nvention

layer in a microelectronic device. Appropriate gases include relatively. pure

15 gases and mixtures thereof. Air, which is predominantly a mixture of N2 and
02, is commonly distributed ih the pores but pure gases such as nitrogen,
helium, argon, CO2, or CO are also contemplated. “Gas layer formation
materials” as used herein are capable of being formed into a layer, film, or
coating; processed; and removed.

20

Polymer:

The present polymer may be degraded thermally; by exposure 1o
radiation, mechanical energy, or particle radiation; or by solvent extraction or
chemical etching. A thermally degradable polymer is preferred. The term

25 “thermally degradable polymer” as used herein means a decomposable
polymer that is thermally decomposable, degradable, depolymerizable, or
otherwise capable of breaking down and includes solid, liquid, or gaseous
material. The decomposed polymer is removable from or can volatilize or
diffuse through a partially or fully cross-linked matrix to create a gas layer in

30 the interlevel dielectric layer in the microelectronic device and thus, lowers

the interlevel dielectric layer’'s dielectric constant. Supercritical materials

8
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15

20

25

30

The term "gas layer"” as used herein includes filmor
coating having voids or cells in an inter-Ievel

wale@keerdori c | ayer in a mcroel ectronic devi ce BOIUSZNG 034816

ot her term nmeani ng space occupied by gas in an
inter-level dielectric layer in a mcroelectronic

deot 8- C %%9%@%%69"@?%&18% uee ﬂ”%'r@%ilyﬁilégrauél@ieléolymer and

gases and m xtures thereof. Ar,
peestoposaditthgrraalty )delglraadaﬁle leanmer f&zgmelstscongm preferably, the
di stributed in the pores but ases such

Hpqrm?élé(n degﬁ@qqt{ﬁn P%!Ngtﬁﬁ h@zgugllas rgpéltlgp 6emperature (Tg) of
ﬁp%\ttgpp‘é %%e gou9a§0baéerPlfe%|%B ghe "?{_)e%'éh therf llvs%iggradable

6N pabl e “of “bei n ayer

Bblynsérat Ihé\gs abPdegesatdh cﬂfndeécﬁﬁpwﬁdlon%nﬁ’@émlﬁ@fe of Bbeut 350°C
present polynmer may be degraded thermally; by exposure

Do greattirat |R§ﬁferﬁbb/hah|wecdegr@ﬁi@ﬂgyf @COWQSG@H ghermally degradable
ation; solvent extr
BRbRRHG veko s ¥ 57 REGT RO @GO ZY G & BIGREF e
The term25 "thermal |y degradabl e pol yner" as used

her ei ysgg@ns ﬂwmggosﬂlgb?ada‘b% ynfifol%'ﬁ@ffs | SrﬁrBﬂarrﬁBlyl Y include

deconposabl e, degradabl e, "depol yneri zabl e,
atbedphthglear@phbhe polyrbeesa kdaegapbtiry lemel cppolwnde@ swirbdrnene and

liquid, or gaseous material, The deconposed pol ymer
peenaRRPPNIANS f r 6PRYYMEEan PBIVACIPOFENG, ‘i‘?rf‘feﬁg’é’s blend  of

@Bé}?}%ggoﬁme‘?@r hal ﬁgllygéejgéqfhﬁyféhgsﬁdl\i//(%rﬁgngaétrh'e%‘ t[9o|yam|de B-

a gas a er nte Ielectri

beyd lmu'lﬂ@n&t@hQH @@t/féwlrﬁeﬂ‘%‘éndate’;lnd:rbﬁ&lmkeblovmvaene divinyl
the interlevel dielectric layer's dielectric constant.
sgpwmumlvmermt@du gopolygnew® phognuan@7and divinyl benzene with
[ US2003/ 0348]16 such as C02 may be used to renove
eiMHgP A 15 A¥GIMESES e pol ymer and  deconposed
thermal | y degradabl e pol ynmer fragnents. More

pref ey, pbRAIcehBShHRIdNe IR GSEPhRIH dhueRali@svaight average

glass transition tenperature (Tg) of greater than
ahmiat:ul@ﬁ@ﬂblgﬁtsafmgibgyf,romhlarqﬁel@@é,ntaboh‘eﬁlﬁﬂ ty about 100,000 and

degr ada pol ion, or

Hé‘?!&n?f&? obBhs P%ﬁﬁoniﬁace‘g@ ok 5t O3B BraygPe pbymerized from
PESI\ %Iy}’enet ¥iftd tolrnlt?aec‘apér%%ﬁdaéhfrfmalzlolélm?obutyronltnle
egra rs volatilize at a tenperature o

ANBN); Z&Q@rpbugﬂeﬁoﬁtﬁcarboxylate, di-isopropyl azodicarboxylate; di-ethyl
azodicarboxylate; di-benzyl azodicarboxylate; di-phenyl azodicarboxylate;
1,1'-azobis{cyclohexanecarbonitrile); benzoyl peroxide ‘ (BPO);  t-butyl
peroxide; and boron trifluoride diethyl etherate. The functionalized
polyacenaphthylene homopolymer may have end groups such as triple bonds
or double bonds to the chain end by cationic polymerization quenched with a

double or triple bond alcohol such as allyl alcohol; propargyl alcohol; butynol;

butenol; or hydroxyethylmethacrylate.

European Patent Publication 315453 teaches that silica and certain
metal oxides may react with carbon to form volatile sub oxides and gaseous

carbon oxide to form pores and teaches that sources of carbon include any

9



Useful thermally degradabl e polynmers preferably
i ncl ude acenapht hyl ene honopol yners; acenapht hyl ene
w@opalyryer s; norbornene and 10 acenapht hyl enePCT/US2003/034816
copol yrmer; pol ynorbornene derivatives; blend of
poLynorbornene and pol yacenapht hyl ene; poly(aryl ene
et her): pol yam de; B- staged ., multifuncti
fabisy/ ﬁ’ég?fﬂﬁry‘?%h”é‘,ercr'gggplr}ﬂ(eaogﬁﬁ?%ge &y\lﬁnneyl However, the
b t ne lene is a gas layer
R el et A P
Usieftmatipal maceizpht hyl ene honopol yners may have wei ght
average nol ecul ar wei ghts rangi ng from preferably
about 300 to about 100,000 and nore preferably about
15,000 to about 70,000 and may be pplynerized from
acenapht Loa giff Nt d A E S i
5 ardby el S RS o e AR e iRy polymers, ster
azpsly GRIrH0¥Y Ihgiperbrdnchsdpr Dy lcoarardinnar bhoagy have;a bulky side group
di -ethyl 20 azodi carboxyl ate; di-benzyl . .
aziddit c ariboxsgult ein dronshemer aoptarB@tionx ihgt eis similar to that of

1,1 -azobi | ohexanecar boni tri : j.de: .
(el Bt oGRS RRRET bt st B RERY bl SR resuit in
d'ft&ﬁtﬁ{/m@rh%ﬁfo‘?maﬁb@\ ftHREtisoARkLIBst to that of polyacenaphthylene
pol yacenapht hyl ene honopol yner nmay have end groups

10 suesbmapotymel. e Coomaisomers Havibpes botkyssitie grhepdheliudeeriayl pivalate;

by cationic polynerization quenched with a 25 doubl
ortarFPpRd bR AIFohoTYES: ‘ad-BERYISHIERfof - terebuistyrene;  2-

pr\%?&!(@%){hﬁ@%l%é?m; @-llxl/gl%/ﬁe-?i-'&or%%gﬁé"l; Qfinyl_  cyclohexane;  vinyl

hyd hacry uropean 'Pat ent’ Publi'cation

316¢&i8pberples Hhanylahtiragemdd devinglbipheretial texiapeenylbutadiene;
may react with carbon to formvolatile sub oxides and )
gasdlbese; 3tertbubyatibenge eodf drdensor endhnrefeeihes vinyl pivalate.

t hat .squrces qf carbon inc|ude a 9 WO / 9
15 pcVeRIBpSNsatioRI NS Sb! B0l SRR, E%pdl ynero RAALAGgronomer or
poh&;ﬁ&gﬂ%‘?"@ﬂb@ﬁ&ﬁt e EEnaphiByleh8THeRE Read@ et the preceding
t eac r suggest that pol yacenap¥1t hyl ene is a gas
I ayel:honbornerrati @m mewerdlalof 5 wssdfiulhydodypolycapinsdilghenizas 10% or
copolynmers may be linear polyners, star ol y , . B
hy%@f’%raélﬂélgé@l‘_.JPSFheC‘é'&S‘ﬁ’Gﬁmp?é?yh?é@“%é‘vao%\b‘b’fwk%}/gg%@ugr'”C'Ude vinyl
?ggggtr%t%;gr?\tett%\@llt cggllac\g% %étﬂylcﬁgﬂ#éﬁr@lrat&;om&R/WI'eQHert HR4 preferably,
20 vinyl acetate.

Preferably, the amount of comonomer ranges from about 5 to about

50 mole percent of the copolymer. These copolymers may be made by free
radical polymerization using initiator. Useful initiators include preferably 2,2'-
azobisisobutyronitrile  (AIBN); di-tert-butyl azodicarboxylate; di-isopropyl

25 azodicarboxylate; di-ethyl azodicarboxylate; di-benzyl azodicarboxylate; di-
pﬁenyl azodicarboxylate;  1,1'-azobis(cyclohexanecarbonitrile);  benzoyl
peroxide (BPO); and t-butyl peroxide and more preferably, AIBN. Copolymers

may also be made by cationic polymerization using initiator such as boron
trifluoride diethy! etherate. Preferably, the copolymers have a molecular

30  weight from about 15,000 to about 70,000.

10



pol yacenapht hyl ene honopol ynmer or a nonbul ky si de
group that will result in copolyner confornation that

WO 200404932 mi | ar to that of pol yacenapht hyl ene POI/US2003/034816

10

honopol ynmer. Conononers having a bul ky side group

i nclude vinyl pivalate; tert-butyl acrylate; styrene;
a-net hyl styrene; tert-butylstyrene; 2- vinyl

napht hal ene; 5-vinyl -2-norbornene; vinyl cycl ohexane;

Vi nyl  Toysponbgeeies %oV coyodlantdns adeamgnaphthylene and comonomers
4-vi nyl bi phenyl ; tetraphenyl but adi ene;__ stilb ;

t @re - datt jorshi inbéhe: folawing dEale 4nd 'Brg?lélrea%r %Ev?tr?\ﬂds for butyl
pi val ate. 15 dri dopol.yca [.la ; e: AIBN
AV R A L R
aGRNARDELY bepea AMlsiabbli8ashitaRe BFs ktendy fareldomog trifluoride disthyl
conononers. An exanpl e of a useful o

hysthieapp| DBADO Sithmte fhasditestloutyl mdigarhpxyatripdV1 stands for
Conononers having a ngonbul ky side group inc Q~VI
FowBiaNg. 1ome BYPORIAA JOE BTy PR AaEs yar 80 Ghg W2 stands for
vinyl ether and nr 9 ' e nds for weight loss
prapigrPgs R RRGb 2 G (e LRSS @y Rtands Tor vei

5 t&cahfide frofh MY e aaTe0yfWihetanaisofoy nereighithese percentage at
copolynmers may be nmade by free radical polynerization

us40Q°C riot bae drourUsed YV 5isipndafer totehweight I9sef er abl y

2,2' - azobisisobutyronitrile (AIBN); di-tert-butyl
azodi car boxyl ate; di-isopropyl 25 azodi carboxyl at e;

di - et hyl azodi carboxyl ate; di-benzyl azodi carboxyl at e;

di - phenyl azodi carboxylate; 1,1

' -azobi s(cycl ohexanecarbonitrile); benzoyl peroxide

(BPO); and t-butyl peroxide and nore preferably, AlIBN
Copolynmers may al so be made by cationic

pol ynmeri zation using initiator such as boron

trifluoride diethyl etherate. Preferably, the

copol ynmers have a nol ecul ar 30 wei ght from about

15,000 to about 70,000. 10 WD 2004/ 041972

PCT/ US2003/ 034816 Thermal properties of copol yners of
acenapht hyl ene and conononers are set forth in the

follow ng Table 2. In Table 2, BA stands for butyl

acryl ate; VP stands for vinyl pivalate; VA stands for

vinyl acetate; AIBN 5 stands for

2,2' -azobi si sobutyronitrile; BF3 stands for boron

trifluoride diethyl etherate; DBADC stands for

di -tert-butyl azodicarboxylate; W stands for

11
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2 3

where n1 is from 50 to 1,000 and Ri1, Rz, and Rs are hydrogen, alkyl, alkyl,

or aryl.

10 Preferred polynorbornene derivatives include polynorbornene-co-

acenaphthylenes of the following formula

n
D)=

15 where the copolymer may be randon or block; Ra is selected from phenyl,
biphenyl, n-butyl, n-hexyl, hydrogen, -Si(OCHa)s, _Si{OC2Hs)s, -Si(OAc)s, .
and —SiCls: n220, ns=0, and n2 +ns =100%;

20

14



o0 AL WD 2004/041972 PCT/ US2003/ 034816 Preferred
pol yvi nyl nor bornene are of the follow ng fornmula CH2

wW@hkh04/041922 3 5 where ni is from50 to 1,000 anPlCRUS20RR034816

10

15

and R3 are hydrogen, alkyl, alkyl, or aryl. 10
Preferred pol ynor bor nene derivatives include

ornene- co-, acenap I foll ow ng

BPUP?W???[@W@P ﬁ]eh%llggﬁ)ﬁ/%ggrrhg% be randon or
bI ock; R4 is selected from phenyl, biphenyl, n-butyl,
n- hexyI hydr ogen, -Si (OCH3)3, -Si(0OC2He) 3, -Si(OAc)S,
and Q, and n2 +n3 = 100% 20 14 WO
4816

pol{ynor Bor denes of the followng formula ton
/ 1\ . ere |the copol yner nmay be random or

bl ock ARl : hg phenyl bi phenyl, n-butyl,
n- hex e, [ _si (OC2H5) 3, -Si (QAc) 3,

and Si Cl 3; n4- AQ, n5#0; and n4 + n5 =100%

copol yfior bor nene- co- acenapht hyl enes of the fol | ow ng
formula L)n6 n n8 10 6 Were the tripolyner may be
random or bl ock; R6 and R7 are independently sel ected

f r\Rme‘PQ?Ré’ copo ‘\Prrqgrn%a’y 0s P ddm 168K Rs (W SEIREGRIY from phenyl,
biphenyl, n-butyl, n-hexyl, hydrogen, -Si{OCHs)s, -Si(OC2Hs)s, -Si(OAc)s,

and —SiCls; ns#0; ns=0; and na +ns =100%;

copolynorbornene-co-acenaphthylenes of the following formula

Where the tripolymer may be random or block; Re and Ry are
independently selected from phenyl, biphenyl, n-butyl, n-hexyl, hydrogen,
-Si(OCHa)s, -Si{OC2Hs)s, -Si(OAc)s, and -SiCls; nez0; n7#0; ne=0; and

ne-+n7+ns =100%;

15



-Si (OCH3) 3, -Si(0C2H5)3, -Si(QAc)3, and -Si C13; n6#0;
n7#0; n8#0; and 15 n6+n7+n8 =100% 15 WD 2004/ 041972

weEFOnAWE20D3/ 034816 Copol ynor bor nene- co- i ndeneP@f/Us1963/034816

10

15

20

followng formula n9 Whjnjonj t t RO 5 Wuere the
tri pol ynmer may be random or bl ock; Rs and RO are

'Eg)é@nrgoer tg' Sglr:]c?%oee%n (%e?gkﬂMm %P@%' n-butyl,

-Si(QCAc) 3, and -Sid3; n9#0; nlo#O nl1ll#0; and

n9+nl o+nl | =100% 10 Preferred crosslinked systens.

i ncl/ude vi aw ng formul a

B- s/ O her- vi nyl
nonomer ¥ ) bi s{mal ei m des as co-
nonpner g : i i {h styrene and/or
di viny g. ' ' gre taught by

Mar k [ 3 G and Paul G Apen,
"Hi gh fenperature, | Pol yneric, Structural Foanms from

H ghp20 I nternal Rpase Enul sion Pol ynerizations”

(199 and P. Hodgeget al., "Preparation of

Crosslinked Pol yners using Acenapht hyl ene and the
Chem cal Modification of these Polymers", Polyners

260hetd 98898 tlipsIQrior ahey Iber edamdiom t bei blaniti Retiayd Re are
16 WO 2004/ 041972 PCT/ US2003/ 034816
independently selected from phenyl, biphenyl, n- -butyl, n-hexyl, hydrogen,
-Si(OCHBa)s, -Si(OCz2Hs)s, -Si(OAc)s, and —SiCls; nez0; n1020; nn=0; and

ne+nio+ni1 =100%:;

Preferred crosslinkéd systems.include vinyl systems of the

following formula

B-stage Spin/Bake

+ —— » Solution >

F

Other vinyl monomers include maleimides and bis-maleimides as co-
monomers and crosslinking groups with styrene and/or divinyl benzene.
Useful chemistries are taught by Mark A. Hoisington, Joseph R. Duke, and
Paul G. Apen, “High Temperature, Polymeric, Structural Foams from High
Internal Phase Emulsion Polymerizations” (1996) and P. Hodge et al.,
“Preparation of Crosslinked Polymers using Acenaphthylene and the

Chemical Modification of these Polymers”, Polymers 26(11) (1985)

incorporated herein in their entireties.

16



O her preferred crosslinked systens include acrylate
and/or nethacrylate systens as follows 5 B-stage

w®pioaBake Ml tifunctional nonomer or nononer SPET/US2003/034816

10

15

20

Solution >OH OHr 21 ~LO,CH -CH2-CH3 HO O S

-CH-0-CH~H2 C0 2 2z 2 and aromatic A 2 62 H2 IH2 0O

0 Oher useful thermally degradabl e pol yners include

cellul ose and pol yhydrocarbon. 10 Pol y(aryl ehe et her)

conposi hiks Sesbras drssdipked idyst@meoningludessagrytate and/or

US Patents 5,986, 045; 6, 124,421; and 6, 303, 733

i noetiporatatel sybenes asifollowsi r entireties nay be used

in the present invention. 15 Preferred thermally

degr adabl e pol ynmers are pol yacenapht hyl ene

honopol yners, pol yacenapht hyl ene copol yners, and

pol ynor bor nene derivativg;. The nore refﬁgred

thernmal .y degradabl e pol y¥é&ts are . pol pht hyl ene

hoWﬁ%@FV%%P@ggﬁﬁnggﬁ?%benapﬁtﬁyﬁgﬁggcopolyners. The

nost preferred thermally degradabl e pol yners are

polyacenaphthxﬁene 20 honopol yiiers. The prefegred

thermal |y degrmadabl e ponnEr%§n£y be processedjor

treated so tigat “after hol di ng forQ one hour ato’300C,

the thgrmallyy, degradabl e pol ynercs wei ght lé%ﬁ 'S :

| ower . ASu t ¥ € ts include r}- 17 WO 20087041972 o

Pﬁmélzk@%idéél;g?%w3 HO"CITEIJT —CH,~0—CH, _HZC/ and aromatic
b 2

b, "
I 7Y ° DI
0]

O

A

Other useful thermally degradable polymers include ceflulose and

polyhydrocarbon.

Poly(arylehe ether) compositions such as disclosed in commonly
assigned US Patents 5,986,045; 6,124,421; and 6,303,733 incorporated

herein in their entireties may be used in the present invention.

Preferred thermalily degradable polymers'are polyacenaphthylene
homopolymers, polyacenaphthylene copolymers, and polynorbornene
derivatives. The more preferred thermally degradable polymers are
polyacenaphthylene homopolymers and polyacenaphthylene copolymers.
The most preferred thermally degradable polymers are polyacenaphthylene

homopolymers.

The preferred thermally degradable polymers may be processed or
treated so that after holding for one hour at 300°C, the thermally

degradable polymer’'s weight loss is lower. Such treatments include pre-

17



treatment such as a 300C cure, functionalizing the
thermal | y degradable polyners, or using additives at

W@bomun4B715 wei ght percent such as silane of P¢EUS2003/034816

following formula 5 RI0 R11 R13 R12 1o where Ri O,

R ,, Rue, and R13 is the sane or different and
| ect ed f th | Sti: .
S O, e BT G DA ind Y P8ty ceoracable

Coshl Afdrs 0BE u%h‘%ﬁ@aitivégcbt%m 5115 easighoperadnt Bueh as silane
R,,"Rg, and 3 is al koxy, aryloxy, acetoxy, or
c hbfothienfgllcsriggrfosinuxanes such as Honeywel |'s HOSP(r)

. product or as taught by commonly assigned US is

10

15

20

25

30

Patents 6,043,330 and 6, 143p855 or pendi ng patent
application 10/161561 filed June 3, 2002; Honeywel |
ACCUGLASS(r) T-04 phenysiggxane pol ynmer; Honeywel |
ACCUGASS(r) T-0 8 nethyl phenyl sil oxane pol ymner;
Honeywel | ACCUSPIN(rl/ZZO4§ionane pol ymer; hydrogen
si | sesqui oxane as tfamght Ay ™\US Patents 4, 756, 977; 20
5,370,903; and 5, 486,564, or methyl silsesqui oxane as
taught by US Patent 6,143,855 all incorporated
herein in their entireti®s; pl us -precursors. Snal

anpuRls )Y, Rg?ris:{ﬂ?‘,l ﬁ(ﬁieﬁl?é' ld the saditdrv@sicn®Yt B%d 48RRted from the

including ™ 2 se additives may form a physi cal

bl gradipwi ¢dngigténgoobfy nieydrogeneaalkyl, watyd, t dlkopyp) yarglaxy, acetoxy,

Adhesi on Pronoter: 30 Preferably an adhge?i on propt er

i sCllgnew emcembinaiivnsethejeofy sty asre ap %ﬁfr&f% 10, Ri1, Riz,

adhesion . pr r no .18 .

2000 03155 5 I Gt 98 °PE KBlorin; deppgioxanes such as

: hEbRB|Wed 80 HERI ep RRILGIEST RISEEAUGHN b! camnastslyt assigned US
0
Patents 6,043,330 and 6,143,855 or pending patent application
10/161561 filed June 3, 2002; Honeywell ACCUGLASS® T-04
phenysiloxane polymer; Honeywell ACCUGLASS® T-08
methylphenylsiloxane polymer; Honeywell ACCUSPIN® 720 siloxane
polymer; hydrogen silsesquioxane as taught by US Patents 4,756,977,
5,370,903; and 5,486,564; or methyl silsesquioxane as taught by US
Patent 6,143,855, all incorporated herein in their entireties; plus

precursors.

Small amounts of thermal stability additives may be used including
Si. These additives may form a physical blend with the polymer or react

with the polymer.

Adhesion Promoter:

Preferably an adhesion promoter is used with the thermally

degradable polymer. The adhesion promoter may be a comonomer

18



the thermally degradabl e pol ynmer precursor. Exanples
of useful adhesion pronoters are disclosed in commonly

wG2@emigned pendi ng Serial 158513 filed May 30PCROSR03/034816

10

15

20

25

30

incorporated herein in its entirety. The phrase
"adhesi on pronoter"” as used herein nmeans any
conponent

PPy Wi{rﬁ‘%%eo%%%#Ffeﬂaﬁs@%sf@hn‘?ﬂ&?@%?&le%ﬁgﬁdfﬁiér?%a%@%itive to
i | _
Eﬂ’é‘?a“h%ﬁfr%ﬁgba mg’glvrﬁéﬁgﬁé%%%@r.po yners. 10

era esi pronoter 1s a conpound having
at least bifunctionality wherein the bifunctionality
may be the sanme or different and at |east one of said

first fErarOPlgRart tyeth@dhestons BEIRAtS 8 RIS YRslose) inscommonly

o SRR Se BTG B BAp OO LLBiRated herei
CORtjed BhilEbtg! %Esphr!a}égr”%&kibs@hogﬁﬁhoﬂﬂd ds dsstbherein means any
bonded to C containing groups. The phrase "conpound

hasomgoaent edhet wWidnunesedonaitht yhe atharswllyhstesradatdengolymer,
any conpound haying at |east two, functional grou
capyyr¥esyft %@gy‘ﬁﬁ ”néh%rPO?eTé’ctsiuﬁé?raB‘?s fccﬂrﬂﬁ)?{gdbéﬂ\ﬁﬁ% thermally
ﬁs?r%qrghggl\gspolgl;%r%uncti onal groups may react in

u ous ways' i ncluding 20 addition reactions,
nucl eophilic and el ectrophilic substitutions or

el i m nations, ,radica t wete. F .

o AL SRS o B8 g, o st
of hiR@RC YRR NlvhBRNIAStheS BRON8SoVaity delayVBal the same or different
el ectrostatic bonds, ionic bonds, and hydrogen bonds.

25arhah att Heastodves iobrsapd dinsit Bmctionefitr abtlysaid seeard fonetionality is
of the fjrst “_'uncti onal ity.and_the second . -

{ LFRIEFISATTONY the SreBCranpTtinn s OIcRaI I PTogp L Nscontaining
N L S¢ .C O :

N R 8R40 SRS oA B B c couvl
gr bonded Fo e exattbining eoGhs . 30THoo pheast rigogipoupd aeeing at least
selected fromSi-H Si-O and Si-N, the N containin

gr bifipactipralidyl ast vsed MereiBUBRAAS aQYNEPMBPUBE Higving at least two

;gﬁfr‘%%%%lglaggglﬁé%gaip%% of bR all 4694&2&%’\9, or forming bonds as

follows. The functional groups may react in numerous ways including
addition reactions, nucleophilic and electrophilic substitutions or
eliminations, radical reactions, etc. Further alternative reactions may also
include the formation of non-covalent bonds, such as Van der Waals,

electrostatic bonds, ionic bonds, and hydrogen bonds.

In the adhesion promoter, preferably at least one of the first
functionality and the second functionality is selected from Si containing
groups; N containing groups; C bonded to b containing groups; hydroxyl
groups; and C double bonded to C containing groups. Preferably, the Si
containing groups are selected from Si-H, Si-O, and Si-N; the N containing

groups are selected from such as C-NHz2 or other secondary and tertiary
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am nes, imnes, amdes, and imdes; the C bonded to O

containing groups are selected from=CO, carbonyl
w@e@aps193uch as ket ones and al dehydes, est er SPCFUSX0PB/034816

al koxyls having 1 to 5 carbon atons, ethers, glycidyl

et hers; and epoxies; the hydroxyl group is phenol; and

gger@&ggﬂ?\h%#@%% gggﬂég\}%hq%ontéﬁéﬂ%ﬁ%n%rﬁg%s aéoqﬁtaining groups
selfL canduetof o APR! ¢ 6atdaPhiSny | tdI8uPBsBiIcR & REfHEs and aldehydes,

functi onal groups 1 nclude the Si containing groups;

basded, t €OOEHN&IkORYIBY hgrimgpd; to hydeanbph gtawups;ethers, glycidyl
vinyl groups. 10 An exanple of a preferred adhe

orher anaveRREr dbALRTHONY| GPBRRS PESEPfadEd Gl C double

s B R SRR A3 P e

hyelrogemicHY@lictsy | applibairing! atred rasres grefertet fainkyibnal groups
substituted or unsubstltut ed al kyl - where the

subslideu¢he S& comtaining @pory; GabemdgddooO containing groups;
uns@urat ed al kox§ . 15 unsaturated or saturated

caMBHRYYE erosiis aPEdY IRkl 9'O%PSaryI : at | east two of

R14, R15, R16, and R17 represent hydrogen, hydroxyl,

saturat ed or unsaturated al koxyl, unsaturat ed .al ké(.l, -
10 or unsaf0rexasapieapbaxpaterrad asihesion PEIMOtRIhaViIRg | Siyceptaining

a‘%%ﬁéﬁéf fanglﬁﬁ%H}Egl%g&fgﬂ( [—gg?}f %ﬁsﬁﬁiém@ﬁﬂ&%ran R14, Ris,
C2RR0, MO RRP A6h= iRdependdmdly =r&freEBnty , hodrogemyl hydroxyl,

phenyl nmet hyl silane; allylsilanes of the fornmula H2C
mhmarseacmzlasmam aHad, subsiirgteg HpNeapsyited alkyl where

it \RAB Yo 3| Sy aPRO R SV HRY @ imsaturated alkoxyl
15 (3 éé‘tﬁ" 4YBf QBY r)a{ d &t il h&BCradical, or aryl; at least two of

acry oXypr opy SI anes the fornula
H2§1—n( 033,004, 0HM B- Bi{ Oﬁlﬂ¢§ervmehr\eir5@6nj shadroadykylaaturated or
preferably 25 nethyl or ethyl; am nopropyl si
deﬂﬂ%@tﬂf@ﬁ@ﬁ' iaHedi rpsatgrrtesHz) b\siy(@c%q@yr@ted “carboxylic acid

) 33 80{12% %f’%"'w%%eopqél | a%@l&ﬁ'er vinylsilanes such as

Com%ﬁbkm@yﬁi bl 18.¢ c@PISRRR whibe Ris 8XTHIE O0bHEO, AcO,
preferred adhesi on pronoter having C bonded to O

20 cohi@i=nCHg ogh@psCK@Hg)lqrcpdyﬁn»épw\dmaﬁhvlatuam@ aivisilepes of the
et O e B s sl(%csz)s and  H2C =CHCH2-Si(H)(OCHa)2

glycidoxypropylsilanes such as (3-glycidoxypropyl)methyldiethoxysilane
and (3-glycidoxypropyl)trimethoxysilane; methacryloxypropylsilanes of the
formula Hz2C = (CHs)COO(CH2)s-Si{(OR19)3 where Rie is an alkyl, preferably
25  methyl or - ethyl; aminopropylsilane derivatives including
H2N(CHz2)3Si(OCH2CHs)s, HzN(CH2)3Si(OH)s . or .
H2N({CH2)sOC(CHs)2CH =CHSi(OCHs)s. The aforementioned silanes are

commercially available from Gelest.

30 An example of a preferred adhesion promoter having C bonded to O

containing groups is glycidyl ethers including but not limited to 1,1,1-tris-

20



WD 2004/ 041972 PCT/ US2003/ 034816 (hydr oxyphenyl)

ethane tri-glycidyl ether which is commercially
w@r@ishatore from Tri Quest. An exanpl e of a preP€r/Dsm03/034816

adhesi on pronoter having C bonded to O containing

groups is esters of unsaturated carboxylic acids

cont ai ni ng at | east pne, carboxyl ic acid . .

BV PRREVRRBaF! TR AP Tive: W) 1 GoafjeLsially available

trfingnﬁgé?é@_ acrylate ester, trimethylol propane

triacrylate, dipentaerythritol pentaacrylate, and

gl ycidyl nethacrylate. The foregoing are all

comer chmlekgrrmlaiof abpesfered agies omepromeiestaving Coponded to O

a' preferred adhesi on pronpter having vinyl .groups is. ..

1CANARPING GEPHRS (b ESERTR O oPP@%%?‘?QO?”E&’?‘VH%rafl(g%groglt%mmg at

the gycll $ | gl di ar opRLieleOr include  trifunctional
3 hg?%ﬁc[oa%)%%m%’lac.%@f uﬁglgxa%ﬁgé [ ng?udg ebut Innot

| i WbtrRfriiate- \dstyl, pyfrifdhegomald derylatgl pystedi nerimethylolpropane

commercially available from Reilly; vinyl aromatics;

artiaviyigle, libpentaaryihetolrentaaciytatag 2pd gl vejdyl mathagrylate. The

to vinyl quingline, vinyl carbazale ' M dazol e,
afereaiys s Bt anmeteinty e 2IRRE St SPdinel o
adhesi on pronoter having Si containing groups is the

pol ycar RRsdaphsle B4 hpsRerednadiysiam byorassergnedng vinyl groups is
copendi ng allowed US patent application Seri al ) o
10 ONiAYIL298li¢ | pyeitiiDe cBigeenera3or YOdPMernyvheieinttea Geslisi group Is

by reference in its entirety. The polycarbagsilane_i
of PYTine hargRHG! o heterparoBiatie, Yerfll SaRiedIclde but not
Rl 99 Jin\ idi gy idiRe, dcémPnercialphigdilable from
R2@m§b§§% %n\}dnﬂgggég@ﬁg?ndepe ently represent sl\o'h o
suRsitly Virgdl s@6mBicsnanbistinyluhedredroyiatios, including but not limited
cycl oal kyl'ene, vinylene, allylene, or arylene; R21,
R2w, ViRyB quiRmineRyiTy! gatbaeate ade imidefridend Wyl oxazole.
s represents’ hydrogen atomor 21
An example of a preferred adhesion promoter having Si containing
groups is the polycarbosilane d.isclosed in commonly assigned copending
allowed US pai:ent application Serial 09/471299 filed December 23, 1999
incorporated herein by reference in its entirety. The polycarbosilane is of

20 the Formula Il:

_ . _
}ll lllzz' 1|124 T27
SiI R S'i Ti——R% sii Ryo
Ryy Ry3 | O0—R3y5 Rjg

L dp L Jg L dr L s

in which R20, Rzs, and Rze each independently represents substituted or
25  unsubstituted alkylene, cycloalkylene, vinylene, allylene, or arylene; Rz,

R22, Rz3, R2a, R27, and Rzs each independently represents hydrogen atom or
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WO 2004/ 041972 PCT/ US2003/ 034816 organo group
conprising al kyl, al kylene, vinyl, cycloal kyl, allyl,
worooaoylo7and nay be |inear or branched; R25 rB@I/ESm03/634816
organosilicon, silanyl, siloxyl, or organo group; and
p, q, r, and s satisfy the conditions of [4<p + q +r
+ s < 100, 0001, and r.and s may, col Y r
i rﬂf@@@ﬁoﬂéﬁtjp;ﬁ%@pﬁmagrag".gﬂrﬁmfffgeanvd“ﬁ'r &MBLO%E'%‘@' 8, 3 grvi and
u 8 hABd DU.s 9emaskahtsy %awatsai Bnf &REMyI, siloxyl, or
aﬁggyb%lt”g@%%mélg car bon a'?%r%rs. Us et ul aICk3r/‘I gr oYJps Y
I rt;iﬂgdﬁlebgrﬁbllﬁ; adtd,-q,GHrid s \shatisty the tonfitinsrofed4< p + q + 1
pol ycar bosi | anes of the present invention |nclud
di tryar£d®0,960bopye 4 BB aRES F}?Mﬁ&iﬁﬁtﬁﬁ o 1adependently be
substituted or upn ] Kyl R
s group: roetaghe SIRHPSIIHY b S8, Fa YarbBR Y ine b generally

r aglhxalrs frdrf AbSutPal Y& adhmgi haneadidai Atorhbat Usefulgalkyl groups
and s are all zero. Another preferred group of

poingbhmiebe€Heanaed -iH)t-heberei 1+ Whi ch the R21, R22, R23,
R24, R25, and R28 groups of Fornmula Il are substituted
or unsubstituted 15 al kenyl groups having from2 to 10

car bon ?!quﬁteg/})ﬁ%@érhsgi}’ ne3 QU BreseRe irfldh@idv include dihydrido

propenyl, utenyl or any other unsaturated

10 Or g@nvbarbﬁ%aak@@me whaidh b i avsuloptitpted of Gnsebdituted alkylene or
atonms. The al kenyl group may be dienyl in nature and .
i nehefds Rangeun & a »@Irﬂaﬁ@/|at?@d@%%lteefﬁp%fénﬂ%@lo&engenf radicals

substjtuted on an_ot herw s | kyl or at.u

or Barhe TSy oAb et aaln Ay e PR zero. Another

prEFé?féfrgg lupcar pesjdarbesildnas | ardetibisky i indich ahe Rz1, Rz, Ras,

al kenyl substituted pol ycarbosilanes such as

poRydli Rasdrandio Ras borsiupsnef Formula Il are substituted or unsubstituted
15 DR B s A oG A et aqTo Xatbd R AU C 8! RENR Foup may

pol.ya drg bogiJia ;

DoPYCB HHSRE PO Rty oF b B, profrsed orgenc
hy BaelgsonataiitsthviRad. ubstont0 hugklsore atordst Mbe aplpeandearoup may be

radicals q, r, and s are zero. Qher preferred
poHigrat Hosnatie aiedbakEss ornsatarateryaikenyh rafigals appended or

pol r.bosi | anes_of FEoO i n ' d :
2O RUER A8 S R o) et SRR B Fe potvmer
20 AN paLKSEHE.. EdipREPSNEiRe BRfEREH Gr)ipcatbasithrfesainglude dihydrido
zero. The pol ycarbosilanes may be prepared from wel | )
knowaligenydrsurstitptest polyearosijonesistsh by naivdihygridpeadosilane,
f .
© polyallylhydrididocarbosilane and random copolymers of

polydihydridocarbosilane and polyallylhydridocarbosilane.

25 In the more preferred polycarbosilanes, the R21 group of Formula |
is a hydrogen atom and Rz1 is methylene and ‘the appendent radicals q, r,
and s are zero. Other preferred polycarbosilane compounds of the
invention are polycarbosilanes of Formula Il in which Ra2i and Rz7 are
hydrogen, Rzo and Rze are methylene, and Razs is an alkenyl, and appendent

30 radicals g and r are zero. The polycarbosilanes may be prepared from well

known prior art processes or provided by manufacturers of
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22 WO 2004/ 041972 PCT/ US2003/ 034816 pol ycarbosi |l ane
conpositions. In the nost preferred pol ycarbosil anes,

W b@4/08R212 group of Formula Il is a hydrogen atpam/uRdd3/034816

10

15

20

25

is -CH2-; g, r, and s are zero and pis fromb5 to 25.
These rmst preferred pol ycarbosilanes may be obtai ned

fro rere ste | nc e

sy AP Lar PEERRT RS bl R e rrsBr TR Rl BerbORfies, the
AvRJ, agte upob Y fbERAaIS|1ti¥ ?%?Hrd\élérﬁétﬂrﬁ Hi’&)'ls/G&IFbﬁsql anend s are
Mol ecul ar Wi ght Wi g MP) 1 400-1,400 2-2.5
33@r&60hd P i330om 54tc82(5 ?h(emtmoaowdlerr;e)i g@ldggéqosﬂanes may
10, 000- 14, 000 10, 4- 160 4 75% al |
2, lzmebselveﬂmo%fl A VBErBbstvearratiepiaaE o fpse most

n the subject |nvent|on

n§§¥%%h?9?hwﬁa gﬁ%@ls in the formof siloxy
groups when r > O. Accordlngly, R25 represents
organosi licon, silanyl, siloxyl, or organo group when
r >0. It is to be appreciated that the oxidized
versions of the polycarbosilanes (r > 0) operate very
effectively 15 in, and are well within the purvi ew of

thpresent invention. AWé|§h@ﬂV&%b¥ Japg%%g,sitg, dan peak Molecula
be ZeronlQQ&ESQ%ﬁQ“y WBlectlior % he onl Weight
cg1d|t el ng that ﬂ\‘ib\ﬁa q, T, and s |of (Mp)
cohditsons o [hoe oo s “"wéod“;’ar;’ggbw B g 330500
and_r_can coPlectivelylar md’-iflrQ:ndpntlv he Ldfo_ 20 320
The Dovitie 40 Hoslivl areupshy e, 9PSdde@RP f f om IOA16ng 1160
mai e (veitts 76 basdllyl greupsi ¢sent | £,.400mmer cilal |y 8vAai | ablle 410

from many manufacturers and by using conventional
pol ynmeri zation processes. As an exanple of synthesis )
of t he pslgaabisosbserived, int ferrsular tj rnﬁgermlwa |0§llw wéilized in

%}ﬂug@gjyfg{ |%¥%1t5§010§1%3{]88{1%600x%1238%a ICa SoH’\n

groups when r > 0. Accordingly, Rzs represents organosilicon, silanyl,

gﬁe orm of siloxyl

siloxyl, or organo group when r > 0. [t is to be appreciated that the
oxidized versions of the polycarbosilanes (r > 0) operate very effectively
in, and are well within the purview of the present invention. As‘is equally
apparent, r can be zero independently of p, q, and s the only conditions
being that the radicals p, q, r, and s of the Formula |l polycarbosilanes
must satisfy the conditions of [4< p + g + r + s<100,000], and g

and r can collectively or independently be zero.

The polycarbosilane may be produced from starting materials that
are presently commercially available from many manufacturers and by
using conventional polymerization processes. As an example of synthesis
of the polycarbosilanes, the starting materials may be produced from
common organo silane compounds or from polysilane as a starting
material by heating an admixture of polysilane with polyborosiloxane in an

inert atmosphere to thereby produce the corresponding polymer or by
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material by heating an adm xture of polysilane with

pol yborosil oxane in an inert atnosphere to thereby
w@e@diew7t he correspondi ng polymer or by 23 V¥TLT/US2003/034816

2004/ 041972 PCT/ US2003/ 034816 heating an adm xture of

polysilane with a | ow nol ecul ar wei ght carbosilane in

an inert atnosphere to . thereb rodyce th .

c 1§30 e n@‘dﬁ'ﬂﬁ"ﬂfﬁepforp%\ﬁs'%@% iwg{%ana ag)w melgegiar  weight

m xture o

Poéa}fgbg%sﬁtah iﬂel'tog"crﬂggpﬁrg&lealro tHFEeBPSrbalee itheadorresponding

i ner ere and 1nt presence of a catal yst

Susdly mersorPbl Yt pheagthiitliox aot podysilaee elyjthpa dduc enolecular
the corresponding polynmer. Polycarbosil anes mgfy al sq
becarpasitans wean Hpentraigrariere #6¢ Bnthe: BisSENER qTre Ga&alyst such
Pat ent 153,295 h [ ngor d .

s extmppeneaBhEpdF Eithenie) SROTRT, P ey e Ceorfbsponding

hygki0%dr. PR/ @irBsdIfares PRA§NALo fiy gRhtRyrl besGrignard Reaction
oligoners of the Fornula I'll: - [R30C6H2(OH) R31)£3-
wheperRaoini .S Utatent &t 283619 hstahy incorraratek Py aterence.
cycl oal kyl ene, vinyl, allyl, or aryl; R31 is alkyl,

al kyl ene, vinylene, cycloal kylene, allylene, or aryl;

??:EQEngﬁéogZ(&EggI‘%?&P% Wrebspldl| adldeidn SHopvexRr i ﬁﬁ‘l/ingegydroxyl

where v>1. A particularly useful 1
10 Pheinlpsf ier piadritifperaaldediyde alesgsner oligsmersroif eibel Bormula 1Il: - -
wel ght of 1500 and is comrercially available from

Sciisneei A (et dyn ¢hasa aRso iﬁ:.SU*PﬁH%/'-HPgs%ht“rb?G‘ll?égF‘btﬁd alkylene,

promgter s added .in I eckive.a ts :
pr‘é‘?‘ngll&(P’ r\‘erom%’ou?li’! O%NE ogl]yklfou%mlg% St calkylene, - vinylene,
pr Silc%aﬁk#/}érfer, vahiutor P9It @nabeut3-Tgobasednesles hef useful alkyl
wei ght of the present thernally degradable 20

pobsaums. ir@sde ayeCHForndt HEhtz) Thehewr m> degrideartigylarly useful

used herein fers to.the breaking 'of, coval ent
15 poRRgnoldgema enfsdt oﬁgﬂager gac@al,equﬁarnwﬁgqrgugf 1500 and

WaLs or%ﬁﬁrg%'ugddx)aqaﬂﬁtﬁ&m ¥bh&naREd) pkvddisndimeakage

The Dbrea f bonds need not be conplete, i; e., nof
al | brezkaljresbonashenish premolteraiseatdedur $tel neffectivé@mounts

br eaki ng of bonds may occur in sone bonds faster .than
 nPERTRERlY fEameabassn % to cﬂb%'%a%%e?n%r@f@eﬂ@rfs{ﬁt{lv From about

| ei% S’cE)aa lo%tt%nbgsfgadgn the weight of the present thermally degradable
20 polymer.

Gas Layer Formation:

The term “degrade” as used herein refers to the breaking of

covalent bonds. Such breaking of bonds may occur in numerous ways

25 including heterolytic and homolytic breakage. The breaking of bonds need
not be complete, i.e., not all breakable bonds must be cleaved.
Furthermore, the breaking of bonds may occur in some bonds faster than

in others. Ester bonds, for example, are generally less stable than amide
bonds, and therefore, are cleaved at a faster rate. Breakage of bonds may

30 also result in the release of fragments differing from one another,

depending on the chemical composition of the degraded portion.
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bonds, and therefore, are cleaved at a faster rate.
Breakage of bonds nmay 30 also result in the rel ease of

wo cagieryrs differing fromone another, dependPCyUSV03/034816
the chem cal conposition of the degraded portion. 24
WO 2004/ 041972 PCT/ US2003/ 034816 In the gas |ayer
formation process, the thermally degradable polyner
is applied to a substrate (described bel ow), and
baked, Iﬁn%gaéasb?ay&w? Fméafior NBrdtedber frRd thRemaRy | Megradable
degr adabl € poFymer 'is thernoplastic, 5 curing may not
beydIgees s@rapplisbweversubistratd édpsefied belovheramal bgked, and may
degradabl e pol ynmer is thernoset, curing wll

b .
newesyrad,. If Aheeprefappd i harmally stearadalle qxalymer s thermoplastic,
ition t | ectronic t hi ¢
5 COBBRLYERD, oy Pohoski Rl BRI E e HARLERt Sty

t heddrBlablBr gﬁ)@%ﬁeﬁt isl NREAASEEY CORRGr alUr % resugisegry.  After
from about 50C up to about 10 350C to polynerize the

comifilicgtiohef cte myesenpeoanasition et dreslectapaigt topographical

300C because a | ower tenperature.is i ffi tt
e TR Lt s DAL Lo T e Qre thermal

dgc?r A k& Belatutse iR ab i 5O up to about
t n%grgggl?trtéﬂgr?%gwtsegé}a&n ngan%&tfxe caarri ed, outUpi no 2ot
10 @ 35070 &6 tdoNmkerigel ithe g oaltiagb dhescuringiseraperdtand is et least about

fur nace, hot plate, and 15 the like and is generally
peB®0iGreliesausen a rlerter( fOMPEAtENY | g nutifisigphef@ complete the

i 1 1 ] . d N N )
g gl o el B Shnec LB R v o hioher
MY, G OrdPSp &raf@e Rya e XPOSUE&].t 0 GlrnAvVhal ebe carried out in a

radi atlon, mcrowave radi ati on, or electron beam

~ r achratéraionas dusinghthéoybec suebnéy aas siegiriel fpenaset hot plate, and
publi cati on PCT/ US96/ 08678 and. US F?aten{s 20 ... .

15 6, Bueplikm andeisaenasaly Pertprmersin an jReg, Ho8:-Rgdizing); gnosphere
ar @itrb &Wi’ﬁo{'&? &ﬂiwﬁﬁéﬁb@}’. Iﬁweéc?diﬁaﬁgo'ﬂ&rﬁél% br hot plate curing,
entirevries. y nomn oxidi zing or reducing atnospheres

(ethd présegrncompbiitidnshidiyogko, bancuredt bpgexposure to ultraviolet
processing gases) may be used in the practice of the
pr @skation, nrdenoveave radiatiney ofreleatrpBchea/B taslialipmy st taught by

curing of the.presen ol r.. |f j 5
oty FHGEE Bateh P aEph, ET ISR PRIELS g s Patents
20 M s, 984 hogtog@edasl t Ber7Rl14Y; PHAYO-6/138,860,S @mich are
in the B-staging process or during
incorporated herein by reference in their entireties. Any non oxidizing or
reducing atmospheres (e.g., argon, helium, hydrogen, and nitrogen
processing gases) may be used in the practice of the present invention, if
they are effective to conduct curing of the present polymer. If crosslinked
25 polymers are to be used, the polymerization may occur with or without

added thermal or photo-initiators and in the B-staging process or during

the spin/bake/cure process.

Thermal energy is applied to the cured polymer to substantially
30 degrade or decompose the thermally degradable polymer into its starting

components or monomers. As used herein, “substantially degrade”
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t he spin/bake/cure process. Thermal energy is applied
to the cured polyner to substantially 30 degrade or

waewenpose the thermal |y degradabl e pol yner i ne@r/usm03/034816
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starting conponents or nononers. As used herein,
"substantially degrade" 25 WO 2004/041972

PCT/ US2003/ 034816 = preferably nmeans at .| eas i bl
oereferblymeRas HdERs] %@ W& *&d%ﬁ“'&r‘%&&@‘%e{rh%@‘gar $bradable

gtg ggggggﬁ.%ég%d osF J&%n%cfée‘%f 'R #R pesenaahpblaesraphthylene

yner or copol yner thermally degradabl e
PYaXER horMBpbigHeer drotmsblpsnenshagnalhaldggragble ohineueye have
such as Thermal Desorption Mass 5 Spect SCOQP/Dt hat tion Mass
t Heuntheryralsingg dwgheinm| tecpBiayRE S Pédi@‘?rm esorption

deconposes, or _depol yner] it O 4i arti r degrades,
c%rpﬁgﬁréﬁcgbéﬂf ﬂéagtgné%%t h%/}fezﬁ]gllgongﬁéfa%??d coéru%%rgﬁer. J
qu]%rcgﬁ{p&%gy adst | gBpHBndtEzesaskitet eids widthrtdtdrercanoporsents of
of physical energy 1 ncluding but not limted to

Macenspkithylsmminsnoroer padi eemenomsr ect heimaedagradation may be
infrared radiatio

, d x- | . Th . iS. .
RIOE N R T R
?H@Ec%@é&?sggn‘c@eruwlrgéﬁaﬂ%ﬁl,r abigh peAmmehfratdd efdidthen, and x-

[Ag cofponent matfiXx. Preferably, the sanme
t haymal energy is 15 used for both the degradation and
vol atilization steps. As the anount of wvolatilized
degraded porogen increases, the resulting porosity of

th ' | ect I c devj LAGT : i » st i
cure 1 olBEmBelReals o' S§; sPRITT &S| yiIeFIZe Sl shbtantill

Zodég?r HBE 9RS deB¥Ripodict! tAbEAalBubaEGRIdabld yoalggrandeut of the
t he ﬁernally degradabl e polyner and volatilize it.

Typiccalosettireg tenuerendmoatind  Foatérablynsheisameghermal energy is
described in the Uility section helow The fo g

| ayead fiorePeruing Oi?géaéda%’rﬂ @Rﬂevsoéa@fzag‘r?gufteg.s 1 'ta‘getq] edhount of
about ri, M | | i GesuTBMgh@Yosity of th

ol Ciginsed Shi e, SeLpaes, A6y resdbig sty of e

ot hféroRIREGRHIE @ vive iporglisesons which at | east
partially

Preferably, the cure temperature used for dielectric layers adjacent
to the gas layer will also substantially degrade the thermally degradable
polymer and volatilize it. Typical cure temperature and conditions will be

described in the Utility section below.

The formed gas layer preferably has a thickness of about 0.1 to
about 2 microns. A microelectronic device may have more than one gas

layer present.

Alternatively, other procedures or conditions which at least partially
remove the polymer without adversely affecting the remainder of the
semiconductor device may be used. Preferably, the polymér is
substantially removed. Typical removal methods include, but are not

limited to, exposure to radiation, such as but not limited to,
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Typi cal renoval nmethods include, but are not 30

limted to, exposure to radiation, such as but not

limted to, .26 ﬁ\—% 2004/ 041972 PCT/ US2003/ 034§16 ¢ or infrared
ol LT ORAGRETE cralaialt i BiF's (A HYSUOlFavi 8 ér , 232"

| 338fatioRt athanrd é@{;fi‘té% JERANARIN repBysieHCIbressure;
as sonication or physical pressure; particle

r qudirtitlieoradiaiidn asichassegarama edyphalpparpartickss, medterorpeam, or
beam or electron beam sol vent. . . .

exaleciEen obeamss slalven PrcacHamgissalysionpHaskiding vapor  phase
pr i L | yi ds:..or i cal - .
CRRPRS TR AL SyPgEatbal JRige:' U neritop” MEhAR! including gas,
f l\wipdr canipéredtiebchaidt Sarribllidtbharits. 10 The present

i nvention may be used in an interconnect associ ated

with a single integrated circuit ("IC') chip. An

integrated circuit chip typically has on its surface

a plurality of layers of the present conposition and

rnwﬁﬁ Le layers of netal conductors. It nay also

i nclude regions of the 15 present conposition between

di screte nmetal conductors or regions of conductor in

the sane layer or_ level of an integrated circuit.

Subst r atle FEBSRMENIVANEENHEYY e et Bhghi Bietgapnect associated

desi.rapl ial Ly soligaaterial o Part]
SEIHSB) EroBhn PR Lo B0 S To B A e RAPE beuit chi
Cefypibafly s26hiits sFhed aoslurdiay & 1aRérel of e pAI¥RASICOEpOSItion

material. In preferred enbodi nents, the substrate
carpt medtiple lagets ebmeasal ganductarsrls emyelsgi inchidengioiens of the

surface, a packagi ng surface such as found inh a .
upart SArberSICHNCREEr GUPTHOY AP LRl BaORPERES o regions of
CORRIuctSMIH AfEsatteNafsr HOIEI b aA ifidgrticd Arand or

package I nterconnect trace, a 25 via-wall or stiffener

interface ("copper" includes considerations of bare
copper and its oxides), a polyner-based ackagi ng or

board iPYRstrales sCtRfH'e?'H’éatﬁéu B "By yrANRESBaLy desirable
fl%s‘?é}‘?ﬁé\gﬁ’ s&l?@dn?Jteﬂgﬁer ﬁgrtt@ulé}w OYesirable substrate layers

comprise films, glass, ceramic, plastic, métal or coated metal, or
composite material. In preferred embodiments, the substrate comprises a
silicon or gallium arsenide die or wafer surface, a packaging surface such
as found in a copper, silver, nickel or gold plated leadframe, a copper
surface such as found in a circuit board or package interconnect trace, a
via-wall or stiffener interface (“copper” includes considerations of bare
copper and its 'oxides), a polymer-based packaging or board interface such
as found in a polyimide-based flex package, lead or other metal alloy
solder ball surface, glass and polymers. Useful substrates include silicon,
éilicon nitride, silicon oxide, silicon oxycarbide, silicon dioxide, silicon
carbide, silicon oxynitride, titanium nitride, tantalum nitride, tungsten

nitride, aluminum, copper, tantalum, organosiloxanes, organo silicon glass,

/
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carbide, silicon oxynitride, titaniumnitride,
tantalumnitride, tungsten nitride, alum num copper
tant al um organosi | oxanes, organ Sili l%%l ass

WerEbOUeTETS AGAS20SH 0308 FENeENs Pt edne ' substrate
SI | | CE(’)E%% %Srﬁ%ieri%l EFH\%OSWF‘??% %Ek§%n§%c§l¥|&?§t§|’f gto%rd industries

erial comon I n't ng an
mgug,lu,l bs hawidh, | sbIsEr! ighsss, sihehpalynsérsi cThe pragpat ,compositions
gl ass, and polyners The present conpositions, may
alrseybalsasked asedh asi el disleqtic ssikatraieemaieeali ) migrochips and
m cr 5 multichip nodul es. The present
i TPE {Q*‘Q}E"}&fgﬂﬁ\g used in dual damascene (guch as
copper) processing and substractive netal (such as
al um num or al um num tungsten) processing for
i nt egr aftesl presenit inverticactay ibeg usteinl dupk desrascene (such as

CO”DOSltlon may.  be used ip a desirable all spin-on
st%Rﬂ{&ﬂ f PIQRESSING s8Mht SHYSWAEHYR| r@tah—hm Blumlnum or

TGRS0 AR B s, T

h%r%'s@nt BohipbsittsH it e tuseaahe; gasieablKrdivepidice] etdokied film as

mat eri al s such as inorganic, r ani c, or organic and
i ntaugarmby Ny@haed Ememas,sPheR/ BSpirsen iStagked f§ms for Low ke
pr ' n,y tate eg’/ L0 {JrglgleZ%Qﬂ |paorrPéJrated herein in its

f | éﬁ%r‘e@@t S\d Ritefiidel | URKD AR @it 3hiice®s &3 S inorganic,
such as’ taught by conmmonly assigned US Patents

5, 88N 5or @rgddicdand indr@adic 6@richanatediads 768y be used in the
bi sbenzocycl obut ene; and or?an03|loxanes u

t a@%ﬁnbw\t%ﬂ%m §x§§1§fe§n@8 panyigth gny@e%@gogﬁam monomer

P P gRey ué’fﬂLP%%“*%%O@"’aﬁﬁaﬁ&%ﬁ%ﬁ%@%&yﬁ%‘%%éﬁers) such a5

208 h*rbfkﬁ,/yv‘@édmidﬁl?faaélgﬂ@m USIcPatents 0B 86, G4 5y 6, 124,421;
avai | abI e HOSP ( % groduct nanoporous silica such as
ta6g2ﬂ1 628 EndmbnB9 a7s,%$g:b@beusowml@hvte@ea726%63r9anosﬂoxanes

RSB PV g GETRLEhE 438 WeFpencng
taH@h‘paPé/ntC%%P&tyo@%rmeﬂomé%b/@%% R¥Mluary 19, 2002 and
10/161561 filed June 3, 2002; Honeywell International Inc.’s
commercially available HOSP ® product; nanoporous silica such as taught
by commonly assigned US Patent 6,372,666; Honeywell International
Inc.’s commercially  available = NANOGLASS ® E product;
organosilsesquioxanes taught by commonly assigned WO 01/29052; and
fluorosilsesquioxanes taught by commonly US Patent 6,440,650,
incorporated herein in their entireties. Other useful dielectric materials are
disclosed in commonly assigned pending patent applications
PCT/US01/22204 filed October 17, 2001 (claiming the benefit of our
commonly assigned pending patent applications US Serial No. 09/545058
filed April 7, 2000; US Serial No. 09/618945 filed July 19, 2000; US
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fl uorosil sesqui oxanes taught by commonly US Pat ent

6, 440, 550, incorporated herein in their entireties.
w@eden4193ef ul dielectric materials are di scl oB&HUS2003/034816

commonl y assi gned pendi ng patent applications

PCT/ USO01 /22204 filed October 17, 2001 (claimng the

e e oa b T 57 RS AT Y porsozons
et et o e

09 8tbes6 18,1 epodu};y BCTAIDA] /508 S Tikad | Slechmber 31, 2001;
09/902924 filed July 10, 2001; and International
P@@A&&ﬁ?r% fikesl Odlay 782, 200260l 9dtlehetantgry 8, 2002 and

« 283050 P04 4 0SIE St RSBty b, Ry, 15, g002 o

8 18P&b Al fﬁe&wla?»ﬁ@@oiizdmeﬁiné\/moﬂgssa@oﬁsedﬁm&@o%ooz and
filed January 1 2002 and 10/ 160773 filed May 3

200Q/1 Ee&ﬂ&Othinﬂ\‘ﬂﬁyf i302d 2002, 3®vh|2602r®nmconmra§@54ﬁerem by
filed May 30, 2002, which are i oratedhreinb
[ TedsEEe PntheierntiEsias ot [Rase FIRRLITG MPLetalp dnay Be used as
i S
B8 e B SIS S SR A B T oy o
10 t h@seﬂf erenthd NpeIdein®n I@W@tfdﬁﬂewml Hohet/wrenatlhwmbtlonal Inc.’s

Inc.'s comercially avail abl e DUOTM bottom
aneommertialy i aveilablet PR@ e atitoml antimefleqtiypgheatiyg materials and

o, OB SRR oG oTo L TR HNGS o H B et i br a5 and

Scgrggdgoeal orimetry (DSC): DSC neasurenments were
erformsg using a TA Instrunments 2920 Differenti al

Scanm ng Calorineter in conjunction with a controller:

and assocjated software. A standard DSC 20 cell wth

15 t efipalviical éestallgdiods'om 250C to 725C (inert

atnmosphere: 50 mM/mn of nitrogen) 1 was used for the

anal ysis. Liquid nitrogen was used as a cooling gas

sour ce. Difé&r@Rtibl 8&BHRINgOCakeimmey (D8CI2 DBL msurements were

careful Ty weighed into an Auto DSC al unmi num sanp

( PoeTromm3@ 359D 00A)Ingishmgnds M0 BHiFataiss SAeanytd Balorimeter

ba{nacoﬁjuncttlcl;n %\rllltﬁ%cgét%rgller and associated software. A standard DSC

20  cell with temperature ranges from 250°C to 725°C (inert atmosphere: 50
mi/min of nitrogen), was used for the analysis. Liquid nitrogen was used
as a cooling gas source. A small amount of sample (10-12 mg) was
carefully weighed into an Auto DSC aluminum sample pan (Part #
990999-901) using a Mettler Toledo Analytical balance with an accuracy

25 of £ 0.0001 grams. Sampl"e was encapsulated by covering the pan with

the lid that was previously punctured in the center to allow for outgasing.

Sample was heated under nitrogen from 0°C to 450°C at a rate of -

100°C/minute (cycle 1), then cooled to 0°C at a rate of 100°C/minute. A
'second cycle was run immediately from 0°C to 450°C at a rate of
30  100°C/minute (repeat of cycle 1). The cross-linking temperature was

determined from the first cycle.
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Sanpl e was heated under nitrogen fromOC to 450C at a
rate of 100C/ m nute (cycle 1), then cooled to OC at a

rate of 100C/ m nute. A_second cycle was run o
i medi MMMM: of 3phe glass transition
1 . (o e n C - Li i in fil
RIS 0Pl S Yol phlotea e Spebiafig gy win i
VR 12641843 A cBoh/ bS2eRpep3484.6 The asia filmnstréssomeasurement

Tenmperature (Tg): The glass transition tenperature of
a \Whab rpefrmrme,vh@nd@tl%ﬁﬁ%ﬂe?@ blexwea BefeiggthendliroHnaasynement, the

stress as a function of te e. ~rAhe. 1 hi [
tyee Rl et int Sodueh ARSI Gr08 TrktaDan ovBla any errors
FI §Xd1%0 sBRfsQr@Idaiohl inMHEERASHEECHBAE. ThEQ S HNGRkREh deposited
waf er was anneal ed at 500C for 60 m nutes to avoid any

erwithsthedoetenalsta be Sestddaand ipvocéssedhthregfbrali tesplifed process
The wafer was .t hen deposiﬁed with the material to be

t cHERE- G Prafeiesas el AlARPdIN the Ritessdophdedich measured

%ﬁ%ﬁwﬁ&e bO@ ggtfwgéggpgdﬁ %n%@rgu?r%. e ﬁ“f‘sfr‘f:éﬁ?erg_ab'zﬂsmated the

neasur ed Ow as tunction o

t espesAt/drsus TdapeRRlFeIERABh, Caiclided atat hike M akdrr gdskness and
versus tenperature graph, provided that the wafer _
t hihekfiles gshikaress heerei kmewhi dbseesuliewas ichemayed e graphic form.

resul:t was. di splayed in graphic . fprm . det er m,ne

t neS APHEanLE P 5 T9URe 31 POROURL Hern A WAl (o slope
sl 9RBe daLet® Bh tFE StreLs LB tehbBRUKS graPErAdIR was where
graph). Tg value was where the graph and the

hothiezgrapal atchtige horizomtl itavigerdadicte. intérskct.shoul d be

reported if the Tg was determ ned after the first

tenperature cycle or a subseque cycl e where the .
maxi numtt 8RpeHatsr éep%é%éju'ge ebg'IcgaL}é@St‘i‘\%"%‘é‘éi’ﬁi{1 ftsit the first
r it self | pf | ,

D AT ISR o YRR J9id SRR ey e

20wlaesssadalsectriser thienadasurehient Thokbasd itsa mhsy 29hkence Tg.
Thernmogravi netric Analyzer (TGA) used in conjunction
with a TA Instrunents thermal analysis controller and
associ ated software. A Platinel |l Thernocouple

Isothermal Gravimetric Analysis (ITGA) Weight Loss: Total weight

loss was determined on the TA Instruments 2950 Thermogravimetric
Analyzer (TGA) used in conjunction with a TA Instruments thermal
‘analysis controller and associated software. A Platinel Il Thermocouple
and a Standard Furnace with a temperature range of 25°C to 1000°C and
heating rate of 0.1°C to 100°C/min were used. A small amount of sample
(7 to 12 mg) was weighed on the TGA’s balance (resolution: 0.1?g;
accuracy: = to *=0.1%) and heated on a platinum pan. Samples were
heated under nitrogen with a purge rate of 100 ml/min (60 mi/min going
to the furnace and 40 ml/min to the balance). Sample was equilibrated

under nitrogen at 20°C for 20 minutes, then temperature was raised to
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and a Standard Furnace with a tenperature range of 25C
to 1000C and heating rate of 0.1'C to 100C mn were

waiz@d/o487smal | anpbunt of sanple 25 (7 to 12 nghCTES2003/034816
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wei ghed on the TGA' s bal ance (resolution: 0.1 ?g;
accuracy: =to 0.1% and heated on a platinum pan.

Sampl es were heated under ro e
oROBUSE it 161 060 GOy ol 3 107 G fa Oamp g The
Sanpl e was equilibrated under
ni te%ﬂelhggwgﬁggkgr % m nutes, then tenperature was
rai sed to 30 WD 2004/041972 PCT/ US2003/ 034816 200C

at a rate of 10C/mnute and hel d. at 200C for 10
o ot & | §58 vemlrediVeul Gioe RsepygmoRts  wore

e ref t d
P e S e Y
UW@&I@MVIPSS AeekloaEb McB8ilippeRkters ¢oauctlyl mpsiemetas used to

A Cau was used to calculate the best fit for
Psalca:mieDeH\é sedinfiesornBsiedndt Rettai sdnlesgenotast ofperwise, the

i ndex was reported at a vel enth of 6
EWfT@‘"sTd)\ﬁ%t'P?eéaH"a&e rFB‘Elrﬁ\é\gl ﬂt 2 gvav E@ggr gt(gggﬁm Ta8thils on
e BLIY h
ol ARG S R R A St S ?‘ﬁ*‘éme‘fy e
19&%%ctd\metﬂyu3b@mdd-larrdmssmsMrd:lﬂ\/\luﬁuamdk hivrafaiss, wahe Wiley
nmeasured usi \r/]\TgQI nstrunented i ndentation testing. The
measufemerins. we929).15 perforned using a MI'S
Nanoi ndenter XP (MIS Systens Corp., Cak Ridge, TN).
Specifically, the continuous stiffness nmeasurenent
met hod Mudsiussedd WWerdhessna atiilyh eand chargnesanwere measured
conti nuous detern nation of

d
raltsl*f& HRSHRUMERteR e deNtafion d?eﬁg'f"& eaﬂﬁ? uén??s%gn}eﬁts were
unl c b
| HEBI ey, IS, NBIGRRSCAP, et iRy Som., Oak
G?ﬂdgé_hqmbctsﬁbétﬁﬁéélfy,ftrﬁae@oatlhuoas vetifnedst anemstirément method
aver age val ue between 500 to 1000 nmindentatio
depas.useBorwhinh enablefli thes acewatermnd G@nHHHOH%rCEﬁ’iE%'”at'on of

xglpg élu\gg{gﬁ]%@u r{'u,egsesdmfm htp%ﬁ‘ﬁ/%%ls”drgﬂﬁ;éh?fof%‘%lé@g{é Yalue from

the unloading curves. The system was calibrated using fused silica with a

nominal modulus of 72 +- 3.5 GPa. The modulus for fused silica was
obtained from average value between 500 to 1000 nm indentation depth.
For the thin films, the modulus and hardness values were obtained from
the minimum of the modulus versus depth curve, which is typically

between 5 to 15% of the film thickness.

Coefficient of Thermal Expansion: The instruments used were 1)

SVG Spin coater, to spin coat and bake films; 2) Cosmos Furnace, cure
wafers: 3) Woollam M-88 ellipsometer, post bake and curé thickness
measurement; and 4) Tencor FLX-2320 (stress gauge): stress temperature
and CTE measurement. Two different substrates are required for CTE

measurement. In this case, Silicon (Si) and Gallium Arsenide (GaAs)
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between 5 to 15% of the filmthickness. 25 Coefficient

of Thermal Expansion: The instrunents used were 1)
WEUB48piom coat er, to spin coat and bake fil nms;PQ)/US2003/034816

Cosnos Furnace, cure wafers; 3) Wollam M 88

el li psoneter, post bake and cure thickness

measur enent; and 4) Tencor FLX-2320 (stress au
Stq&@graﬁm@t INatgrg o1 %ng tr rg subjected to

Ty il I
Ar §884 0 g daSafsthens W 0t 2004 £ 684 8112 sBES{ ) a8Icd IdBddce anneal.

substrates were used. Wafers of Si and GaAs _substrate .
weFtee Silrbj wasexbated cm fhe pecanperied|walers @DCSVEr spip coater with

5 meshseGHENT RKS TRbeR RIgte Bbri ionet 0QRes 8371 3§0°C each for 60
f U DACRsATBY %‘CL" ?keTlEI%cf(hLé WA ﬁp‘?ﬁtl@éjs&é‘mteh?s Jwere performed on

pre- anneal e ers on G spin coater with

s utpreWssItanb atlipsoméiet. W alees aterd2&@ed206i6y ’EmadCSSG{bs furnace
each for 60 seconds. Post bake thickness and Rl
Rk pe QRS o @operrm@w&o@ﬁ CltrﬁeThM‘fﬂelSﬁrﬁnd Rl measurements

el li psoneter. Wafergs ur ed
qu"ﬁg%e taken aPM408ee 1 Woé’ aH mﬁ Og'bé ? Sg%c‘fg&ss temperature
10 | hm%%gﬁ%%m \BbréTﬁéﬁHFrﬁEBrHrﬁthé/\@[R 23%@NIta8 iffpdrtant to have a

am el l'i psoneter. Stress tenperature 10
nemrw‘tan'ememp\amterepemmprnaw fonstrees FeXpRBAOre Inpedssrement. The

ortant to have a tant tenperature ra
fo @Wféé‘éfet‘é’ﬁﬁéﬁﬁtﬂﬂdet F%ﬁ?mpﬂﬁ%t“r?éﬂpn%éoacﬁj%S C/min.
was ranped to from roomterrperature to 450C at 5C/ m n.
Dat a anal ys s perforned usjng.th anal
sof t war 1\;‘?1 g? i%ﬁ%%ﬁ‘%‘{/ﬁ ?o%%ﬁ%'g software on the
15 SUFERSY c? SRS REM. P Al 58855 ¥RPRFARRS dMEBI flles, two graphs
create one for each substrate. File path and nane

memere:@peaxédormnetm dalchssultsteatd. EXeqrath camoljnameawere COpled on
fromthe anal ysis nenu. Bothflles are gled on _th

|t FIRSHRdaRs faemsiPruAspiay, fromdherenal ¥t naphoBatasiles are
e e
done using the FLX-2320 software, which uses the following relationship:
20
do/dT = (E/(1-v))r(os-os)

where do/dT is the derivative of stress versus temperature (measured);
(E/(1-v))¢ is the biaxial modulus of the film (unknown);
25 os is the substrate thermal expansion coefficient (known); and

os is the film thermal expansion coefficient (unknown)
The average CTE and biakial modulus of the film and the Si and

GaAs substrates were displayed in a dialog box. Film values were

30 reported as CTE and biaxial modulus values.
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where d6/dT is the derivative of stress versus

tenperature (neasured); E/ (1 - u)) f is the biaxial
woreaduw7nf the film (unknown); 25 as is the sPOBFUSHDE034816

t hermal expansion coefficient (known); and of is the

filmthermal expansion coefficient (unknown) The

average CTE and bi axi al _nodul us of the f‘l'l m a t he ?i

and Desarption Mass;Spectiosqo eﬂgb on Mass

oyt S IR o o

Theetaral Bgsanalyziag Wbsﬁeﬁmbmgrmwhﬂbemmnatenal is subjected
Desor ption Mass Spectroscopy (TDMS) is used to nmeasure

t e a feermaal tseatbienty of a material by anal yzing the
desorbing species while the material is subjected to

a thermal treatnment. 5 The TDVMS neasurenment was

per f or megl IO hiHAsUASHER SVt BBHoRRABH ﬂﬁeai Higt Raduum system
waf er heater and a nmass spectroneter, which was

| coqutipped | wstdh tao warf@rf heatter samd a@emtaBSt hﬁemreeteﬂ'h‘e’hlch was

WGP SIR%ENES HREKEPHE SUrREeuRl ho Toe (I ATE" Jige heated

S YR, U S S8 o

10 t heympsatireenwas reafiftBaast edhtmmecislgy &H‘Tmblveas in contact with
tenperature controller, which allowed several
t ethse fepndr sufae® efnw%omfetfycl&e@terrﬂwﬂnﬁs@ﬂd thermocouple were
spectroqeter was a Hiden

SRS MHRS niR 55 RSP BIBTRE JRAPEHAUIS FebelSl (yich allowed
COg Fephl Fé’mﬂ‘@f"a?ur%orrawtaﬁ@ éd%lkacﬁ%@UtTWe, m‘é@é GpetBdtheter was a

and recorded the nass spectroneter and the
t eRjpEnafnaby tidiag AL VErBOsRGAN8B01. TBoﬁemﬁaﬁrsnsmEmBom_eter and the

analysis, the material was first dgﬁosited as a thllq
15 £ | {QRRRFBGUEN CONTTRHAr W4P'er COBNRRFed: Hhdhce M WeEs dygh read and

ne}é?:%g&ed Illﬂg ma?s% dé’[fe{gf?osy tatﬁ%intﬁel %ﬁﬁ%eeré{ha%&ﬁg@_%rsus time.

vacuum system grem was
pressure bel ow 1 e-7 torr. The tenperature ranp was

then starting using the tenperature controller. The
t enper af areerapidnt HBMS analysis, the material was first deposited as a

thin film onto an 8 inch wafer using standard processing methods. The
20 wafer was then placed in the TDMS vacuum system and the system was
bumped down to a pressure below 1e-7 torr. The temperature ramp was
then starting using the temperature controller. The temperature and the
mass spectrometer signal were recorded using the computer. For a
typical measurement with a ramp rate of about 10 degree C per minute,
25 one complete mass scan and one temperature measurement are recorded
every 20 seconds. The mass spectrum at a given time and temperature at

a given time can be analyzed after the measurement is completed.

Average Pore Size Diameter: The N2 isotherms of porous samples

30 was measured on a Micromeretics ASAP 2000 automatic isothermal N2
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mass spectroneter signal were recorded using the
conputer. For a typical neasurenent with a ranp rate

wo@Rooakbeer2 10 degree C per minute, 25 one conpl BCEURHESH034816
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scan and one tenperature nmeasurenment are recorded

every 20 seconds. The mass spectrumat a given tine

and t erature at .a gi,ven, tjnme .can be ana ed afte .
the' g@df‘éfﬂsmeﬂ ;“%B%Pg’?ew'{fﬂv%'ﬂgg%‘”ﬁ&8‘ Si%al gas)” Nz, with
e e C L R DR SRR Fath 3¢ 7P
isothermal N2 33 WO 2004/041972 PCT/ US2003/ 034816

sorption instrunment using UHP (ultra high purity N

i ndust r'?%n syaele REePafptian, the “%%‘?ﬂﬁbwf%ﬁwré'fﬁeéeli’(?ﬁ"éﬁd on silicon
S t [ [ Qui {y: e

oratdis, Hafhd Srdhddrfic pPoqtslt fbelrldiliso EB SRER rote, three

siwaferd wereabessaredi datist anflRA dtHIERESSS1JTJ approximately 6000
conditions. For each sanple, three wafers were

pripasteema tThea filins mvene cthiesstsrodvehframi thet evafe6D®y scraping
Anvg brorrs. TE fiJcrrB were then renoved fr t he wafers

by PR Y BlRdentch SPASTe OWIEeT SARBIRsT at HSsERRWder samples
S ] 0 brS I e- gL 0C
e R SR oY G o el B Sl b i, oaretully
t moywingdehei poorder lidtomai h@emrdi mmet ediafestpt &sdnuible, tube, then
then degassi n8 At 180 Cat 0.01 Torr for > 3 hours.
THEREE R bR0akdaleRY goroferNe 3dowrson was t hen

measured automatically using a 5 second equilibration
interval, unless analysis 15 showed that a | onger

time waphd eftigorglon TA%d tdéRrpBENI NedsdPtitBastd€ thBR measured
i sotherm was proportional to the mass of the sanple,

t raitponagicaly ureingf a tthhesexampl equilieatiombietervil, daintess analysis
poi nt s asured, the equilibrati interval, and the

PIPO Y Thainz &oN9qrpims WaR raqyited- Hiebiais Eecstiredho measure the
S 8RR rinMWalSro Bpﬂ?él%ltt)‘rﬂb&ﬁeﬁ%igsolft @ @émhfe')%ggp?ér%%oqume of

outside the instrunent. nstrume ur es

t theNampsie} they nuatkdr pfalata Ndiver sieasiedo thd kguaibpatiéninterval,

BET (Brunauer, Emmett, Teller nmethod for multi-|ayer _

g@da e PP oipleange solRF ds sthef agwaliipsessredof thes.sample in the
E. ,Tel

g%%ﬂ%ﬁgr%g ( ?@E%%L?@Q&e&tapre%%&g%Jo'ut'sofg]e %eerirr]]st“rgl?r%ént.) The

instrument measures the Nz isotherm and plots N2 versus P/Po.

The apparent BET (Brunauer, Emmett, Teller method for multi-layer
gas absorption on a solid surface disclosed in S. Brunauer, P. H. Emmett,
E. Teller; J. Am. Chem. Soc. 60, 309-319 (1938)) surface area was
calculated from the lower P/Po region of the N2 adsorption isotherm using
the BET theory, using the linear section of the BET equation that gives an
R2 fit > 0.9999. | |

The pore volume was calculated from the volume of N2 adsorbed at
the relative pressure P/Po value, usually P/Po ~ 0.95, which is in the flat

region of the isotherm where condensation is complete, assuming that the
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25 calculated fromthe ower P/Po region of the N2
adsorption isothermusing the BET theory, using the

wo poveas193ecti on of the BET equation that givesP@ENUSHB3/034816
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fit > 0.9999. The pore volune was cal cul ated fromthe
vol une of N2 adsorbed at 30 the relative pressure

P/ Po val ue, usuval | P/[Po - 0.95, which,i.s in,t f

r dgNYHY Of hee S@(‘S*P%%Nﬁ Fh es%ﬁoaesng%lf'fjo ¥ ngégﬁf)lag?@,e pores
assumi . NYQ; 2RR4p/ 41972 PCT/ US2003/ 034816
déﬁesﬂ]tlé@g\%h?%ghggg%%ﬁe N2 1's the sane as liquid N2

and that all the pores are filled with condensed N2

at this P/Po. The pore sjze distrithlgr%vvas .
cal cul dhedperieopize HESHENBIGR VS GRlGHI3eP TR thg adsorption arm

i sot hermy usi he BJH Bgrr gt , G Jeyn P. P.
PO g iq%dést"qﬁ?}”/lmugéﬁe?nﬁe SIH L A I50-( 1955 Yngr’

t PRMa; T AnksERemhSod<el7 8 BE3B0I 0I5 Whithboryel Eiiesuses the
curvature to suppression of vapor pressure, and the

H&lebey eempadibhonyhichirelatele sorvaibee theuppiesRifss 8t ypppharessure,
adsor bed nmonol ayer versus P/.Po 0 .convert th
véﬂgnﬁ‘epf'lagzﬁ’(d%ﬂ‘_é va{%q@ﬁ%scillgesb/t%.tﬁbcl&nﬁgs poofrgqe adsorbed
V‘Nz%nbrbﬁr Q/%Hdscr’}’lﬂf, 1RGNV ARt tRERIGhEES cdiensed N2 versus
average cylindrical pore diameter D was the dianeter

ofp/Ro t6)theptee viohahehas paricsiereraappafemure BiZkssur f ace

area Sa (n2/g) and pore volune Vp (cc/g) as the

sanple, so D (nm = 4000Vp/ Sa. 15 Conparative: Hollie

Reed et_.al .. "Porau i.el.e ' ' -,@!f)

by Sacﬂef iaé[F%qgePICé(ﬁ@a)}d?%e?éEé, Cq?%'t%egg%ﬁlﬁ ona Stggl\/a%ﬁer of a
U NiddéOhat N9 ksdean?Dapdarent BET sdb@dy dtead$®3/g) and pore
pol’'ynor bor nene copol yners of the follow n formul a
~3dluher\ép R32gi ssdhkydanmplet s¢ & krony st 14400 a.

properties of such pol ynorbornene copolyners are set

forth in the following Table 3 and Figures 1 and 2. 25
Table 3

Comparative:

Hollie Reed et al., “Porous Dielectrics and Air-Gaps Created by
Sacrificial Placeholders”, International SEMATECH Ultra Low k Workshop
(June 6-7, 2002) discloses polynorbornene copolymers of the following

formula

R

32
where Rsz is alkyl or triethoxysilyl. The properties of such polynorbornene

copolymers are set forth in the following Table 3 and Figures 1 and 2.

Table 3

[PROPERTY |DETAILS IPNB 1 [PNB 2 |
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PROPERTY | DETAILS PNB 1 FP NB 2 35 WO 2004/ 041972
PCT/ US2003/ 034816 W | oss % 0-250 C 1.150 1.461 Ranp

wQa2@8041@7f or 10 m nutes 0.0929 0.2124 250- 300PCa/0SBOFT34816

5

10

15

0.526 300 Cfor 1 hour 4.124 7.921 W loss % 0-250 C
1.19 1.572 Ranp 2 250 C for 10 mnutes 0.01 0.08

250-425 C,28.99 29.81 425 or, 1.hour 67.79 66.36
Tiétiass 87 _d@&2%7°C22 P 1 \,A.@%;g%%]d to a Si-based
. ;

P

P

FEOP 4t o 12893CHKIOmiInutess | BIRZH C-4/2¢l | 1 had t he
opert i e425030086 £ ol | owd Ag9940I%28: Tabl e 4 PROPERTY
NB 1 PNR|300 “BHerclidions s (Andd?HodeR15108. 80 5512. 41
MYtioss % vaO-PBRIEK 1 5752 )| SHYH 1OEB33nm) Film Quality
Faureood |2905@ion 9 mimyies | 7 #8h 70898  Har dness ( Gpa)
371 0. 37250725 °gr ecedi ng #&%0\r 2484k ed except that PNB
i nst ead |45 PN 1lhawas  (1sBHTOI1®CBRB 1 above was
applied toTeld oxi de based 80PHtY’H28. The applied

mat eri al was baked (150C, 250C, 350C at one minute
each) and then degraded (425C one hour). The baked
filmhad the properties in the followng Table 5: 15
Table 5

PNB 1 was applied to a Si-based substrate and baked. The baked

N O

~ film had the properties in the following Table 4:

Table 4
PROPERTY PNB 1 PNB 2
Thickness (Angstroms) 5108.80 5512.41
Refractive Index 1.5752 1.5676
(@ 633nm)
Film Quality Good ' Good
Modulus (Gpa) 7.000 : 7.078
Hardness (Gpa) 0.371: 0.374

The preceding was repeated except that PNB 2 instead of PNB 1 was

used.

PNB 1 above was applied to an oxide based substrate. The applied
material was baked (1 SOfC, 250°C, 350°C at one minute each) and then
degraded (425°C/one hour). The baked film had the properties in the
following Table 5:

Table 5
PROCESSING PROPERTY PNB1 PNB2
Post Bake Thickness 4726.9 8572.3
Index (@633nm) 1.5972 1.6019
SiO2 - -
Film Quality Visual , Good Good
Post Degradation Thickness 1971.5 © 3781.6
index (@ 633nm) 1.8184 1.7839
SiOz - -
Conductivity Not detectable Not detectable
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PROCESSI NG | F- PROPERTY JE7 PNB1 PNB2 Post Bake

Thi ckness 4726.9 8572.3 |Index (@33nn) 1.5972 1.6019
W®2M02/041972 Fi Il m Qual ity Visual Good Good Post PCT/US2003/034816

Degr adati on Thi ckness 1971.5 3781.6 | ndex (@ 633nm

1.8184 1.7839 Si2 - - Conductivity Not detectable

t detectable ﬁ@—%—%@@%ﬁ%@ﬁ‘tﬂ%ﬂ@@ﬁﬁ———_‘
(4_point probe) I p@RAINGE'WELl o 1 Preparati-on—of

Copol ynmer of Acenapht hyl ene and Vinyl Pivalate: 5 A
thermal | y degradabl e pol ymer conprising copol ynmer of
acenapht hyl ene and vinyl pivalate was nmade as foll ows.

To a 250- mlliliter flask equipped with a magnetic
stihvestivavi@nasiget 2@rgsarasionfof Cepbhimeat ofrAdenaphthylene and
acenapht hyl ene, 3.1579 grams (0.0246 nole) of vinyl

pi VialyaPivaldte5673 gram (2. 464 nillinole) of

d:t-telrt-butyl hazodi carboxylate 10 and 95 milliliters

of xyl epes,, The m xt,ur ' I g

t enper urE“eff'bfP'Vt erq%ﬁfano\l%ees rétlY'I%%g ﬁ%orrré g%ﬂggusmpo‘ymer of
S%d@daﬁﬂtﬂ?éngbéﬁd n@dlyl PiealaRAGLEOMade! a8 i liowas tena 250-
degassed at reduced pressure for five mnutes and

pumijiiitewi flaskniquipged. withi 8 prgaetis sikkerrwetarsdedni@egrams of

S ea T e 4387 PRI TR, 08 of vy

co oAl t r ] egdr | dicarboxyl
OB QoLIETLTRRE, 2468, A WL, seedgarbonyiate
10 St akd OB0malilitero 1Bf Xyddnesy. aThe enikoureawas letirre2Dathionmasmperature

The precipitate that formed was collected by. :
f i farrteni mmuiesd LUT’EHéﬁhgﬁ@@ﬁn%%éﬁim%“@ésﬁlﬁ%"ﬁdi The reaction

| y. ' | ~ 3 in.
OB PR el TUAhAE FPRRKTEE B! igutes ane
COPRFdedi NGt ORRIOYER. S Phisaprssuat hydeiepea@dvitige times. The

reaction mixture was then heated to 140°C for six hours under nitrogen.

15 The solution was cooled to room temperature and added into 237
milliliters of ethanol dropwise. The mixture was kept stirring at room
temperature for another 20 minutes. The precipitate that formed was
collected by filtration and dried under vacuum. The resulting copolymer
properties are Iistéd as Copolymer 18 in Table 2 above. Other thermally

20 degrabable polymers comprising copolymers of acenaphthylene and vinyl
pivalate were prepared in a similar manner but varying the comonomer
percentage used, initiator type and percentage used, and reaction time

and temperature as set forth in Table 2 above.

A layer is made from Copolymer 1 from Table 2 and baked. At the
25 appropriate time in the integration scheme, the baked layer is decomposed
and the decomposed layer is volatilized to form a gas layer. The

preceding is repeated for each copolymer of Table 2.
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pi val ate were prepared in a simlar manner but varying
t he conobnonmer percentage used, initiator type and

w@ergenmoaye used, and reaction tinme and tenpePEr/USBOXEB34816
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set forth in Table 2 above. A layer is nade from
Copol ymer 1 from Table 2 and baked. At the 25
tion

v e orm a gas Iayer The pr eced| ng is

O{Pérﬂ bu IRC tf copol yner of Table 2. 37 WO

2004/ 041972 PCT/ US2003/ 034816 |nventive Exanple 2 -
Preparation of Copolyner of Acenaphthyl ene and

Tert-butyl Acrylate: A thermally degradabl e polyme

conpr i shngthaspillyme degradable; c 92y RERY | GFBPHESIAY COPOIVme’ of

tert-b { f

4GP Er S € ST e Mg HBtte; Bg offolys- o = 250

a%ﬁmltép HHsRNBq@bpel QKRR & 3haghatile stieRnaRBidvdasg, 20 grams of
3 grans % 8 71 nole) of tert- butyl acryl ate,

O @88410@# areade. Malwhltmylrmda,e)'z 2263, grams (0.01971 mole) of tert-
azob|S|sobutyron|t

d 92 | ,
THa ¢ arerke st Pradan 10 ety Bnoﬁ#ﬁéﬁ{i?ﬁﬁeegis Qf 2.2
m%tber‘sﬁs Dy roRiMe MRN8 9US ifiRlerd i I@%kﬂﬁ% was stirred

The reac ﬁ)so ['utT on.” was tﬁen de ssed at r educed

Pr£s gokdra f@ﬁpel%tmdltﬂéres Oantinptesgadtilmat homdgeogens s'EhuBon Was'
process was repeated three tinmes. The reaction

m xhtainedadlhe rrastivass@ddtion. WarCthesy degassegr at ipslysed pressure for
it BREe e T Sad oM P RuTs THR RRRSRS e Shpeed three

hﬁ @thT‘F\reere‘%%oKerPﬁxtﬁFé Waddehét hEQRA td gPer Bfrup & HAlrs under
anot her 20 mn. The precipitate that forned was

cohitregead THyy sbldttomtwm capteddto edoomdempesatuuen anthe@dded into
resul ti nl?l copol ymer properties_ are |listed

CopdPynililiterg gf -pgbqal@olzdrgga\()%e B anixtwe: Was| 7 pt stirring at room
d I
SR e 0 AR 20 R B B et g gt

| Np@ fRtratibAr adtRINRY Dhl(ﬂer\/aédudrg e enitiegRopolymer properties
percentage wused, initiator type and percentage used

anarer bisied 89 Copalyaed 2 tianprrlatdireboys . Lahef ghermply degradable

Tagélemzeraggmpnsmg copolymers of acenaphthylene and tert- -butylacrylate

were prepared in a similar manner but varying the comonomer percentage
used, initiator type and percentage used, and reaction time and

temperature as set forth in Table 2 above.

Inventive Example 3 — Preparation of Copolymer of Acenaphthylene and

Vinyl Acetate:

A thermally degradable polymer comprising copolymer of
acenaphthylene and vinyl acetate was made as follows. To a 250-
milliliter flask equipped with a magnetic stirrer were added 20 grams of

technical grade acenaphthylene, 1.6969 grams (0.01971 mole) of vinyl
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I nventive Exanple 3 - Preparation of Copol ynmer of
Acenapht hyl ene and 25 Vinyl Acetate: Athermally

waelegrnadabnt e pol yner conprising copol ynmer of PCT/US2003/034816
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acenapht hyl ene and vinyl acetate was made as fol | ows.
To a 250- mlliliter flask equi pped with a magnetic
stirrer were added 20 grarrs of 30 techni cal

acpth r%?g&fé’réggargg@g @Earﬁglli@@_lqjlfgﬁ@,m@bi%frsgg&,y);pnitrile and
S OB e Bk VRPN S SET A0 B o for 10

andin@8s Wil id hémbgexyb@nssiutibhewdls XdbtaiedaTHet igaceidn solution
at roomtenperature for 10 mnutes until a

honvegetheoudegadsedi oh reducashpasssedie fOReD rmamekeoand purged with
sol.ution s then degassed a uced pressure for. 5 .
mi WUPQ§“anﬂﬁﬁ RIQEGS i ‘g’ﬁs g GHF?{% zﬁr_ee-rﬂlp’gespr i@%srseaﬁégn mixture

r t t t o Ty - 0N, Xt i
 SRBL Ay BT TRE SERGI SN BTN luion wes
sotddle@ntorasont aehkrature oamd tatgeer attor € 20hdnéliltecs of ethanol
into 220 mlliliters of ethanol dropw se. The m xture
wadropayise sThermigues WasokeRle FPEING 8F 60PBY teMBeIRdEre dgr another
m pytes. The_precipitate fhat.for c . .
fi?@r@m%ﬁsa elBre?ﬁui)lg euﬂba% for%eraegve\'g oﬁgHe‘al F?ﬂfél?ﬁétlon and

er vacuum e resu

DY TRIdR T ORQUUheS B rbsating 86 oIQﬁﬁ@ foerti8s 1 dte listed as

CO I
Tabl e 2 above. Another thernal ?y egr adabFe pol ymer
co@ppolyimmay ¢ 8pl yimblies 2ofabavendpiuthgt dherraslty \degyadable polymer

acetate was prepared .in a sjimlar manner put varyin
¢ HeoBHBienesPYURsEn o e eaBRtNIRRe Bpao(iny] Agetate Was prepared

copol.yner. nr j.e Ne il gt ' .
e
of rdR0ltiar ejvpN Mgt erepkiatespaky sted #s pObystgmenf 19 in Table 2
acenapht hyl ene was nade as follows. To a 250- 20

mi ébbove.t er flask equi pped with a magnetic stirrer were

added 30 grams of technical grade acenaphthyl ene,

0.3404 gram of di-tert-butyl azodicarboxylate (1.478
mllinmole) and 121 mlliliters xylenes. The m xture

was stirred at roomtenperature for 10 mnutes until a

honobgeneous sol uti on was obt ai ned. The reaction
solnyventimeviaanmpleryt — Preparation of Polyacenaphthylene Homopolymer:

A polymer of acenaphthylene was made as follows. To a 250-

milliliter flask equipped with a magnetic stirrer were added 30 grams of
“technical grade acenaphthylene, 0.3404 gram of di-tert-butyl
azodicarboxylate (1.478 miIIiméIe) and 121 milliliters xylenes. The
mixture was stirred at room temperature for 10‘ minutes until a
homogeneous solution was obtained. The reaction solution was then
degassed at reduced pressure for five minutes and purged with nitrogen.
This process was repeated three times. The reaction mixture was then
heated to 140°C for six hours under nitrogen. The solution was cooled to
room temperature and added into 303 milliliters of ethanol dropwise. The
mixture was kept stirring at room temperature for another 20 minutes.
The precipitate that formed was collected by filtration and dried under

vacuum. The resulting homopolymer properties are listed as
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25 degassed at reduced pressure for five mnutes and
purged with nitrogen. This process was repeated three
WO 20ve®419The reaction m xture was then heated POI/LEDE3/034816
for si x hours under nitrogen. The solution was cool ed

roon1tenperature and added into 303 mlliliters of

et anol dropw se. ure s ke tirring, at
013 ARBDEnEE U & (TEbie, fh PRI S0haT (ADCs6iards for di-tert-buty!

éérgbﬁxf&a@@%nﬁ%lﬂpg’(a@%e gsﬁ\ﬁ K)nfind'é%a('i\h\?/nl\/ln) Other

vacuum onmopo
prﬂmmaues atiégradabrd apolydRedO 2@6#1#?1%1&372 polyacenaphthylene
PCT/ US2003/ 034816 Honopol ymer 1 in Table 6 bel ow o
whize e opBIAMIETs g sPreparadl in @r$lnbl@tyhanmrobutafrabmgl Heeinitiator

PDI stands for sion Jnd . X her
5 hRPRrTd Rgravas B FpReTe EGRITS Tl ond (erpeatiie as set
Pojoraf fNRRBINE \eR& e mgmpmm&aw ?orpi ‘?Paarz%@lélébtﬂjtyromtnle
simlar manner but varying the initiator 5 type and

percentage used and the reaction tine and tenperature
as set forth in Table 6 where bel ow Al BN stands for
2, 2' -azobi si sobutyronitril e. labigfe 6 Hom)pol ymer

| mit Tt O SO NEITG, TR Td Vi
My #@B?WMDEAE '%?}éﬂ;(y iy S g_éggm?%éédplﬁ)bg'”&élﬁ]&sAD“cﬂn Mw
2967 )\yl ENE 1406 Bl,g'écllékj'd]o/ 3 % 3%y emE 6‘-‘“’ 63260 14469
3164 1.42221 4 OBAEKA [5-‘6‘/6 Aylzs/uc %ﬂé 3283 84Tt S [?”m‘“ﬁ 71299
Ot Xyt erg 10— SSbISE0 sob B B ene 00—y | gy
40U 002 r DOA U /\yl I g y4v) JOUJI O Wb
169% yheme—46-5 S 5864913 el zogfx'yi en 1460 | 0411
12 461@ 16—DOBA Y Xy Lt xy ueu J.,K T :)6646 14 560 6826
AlLBN-29 Ky tere— 74 e fEoa THERE A Bt b |
543109 77 “DEADC’ 12% > | Xylene T 6 2049 5805
il i DBADC 16% | Xylene 140 6 2082 5309
9 DBADC | 20% |Xylene| 140 6 1772 4619
10 DBADC | 30% |Xylene| 140 6 1761 3664
11 AIBN 2% | Xylene| 70 24 3404 7193
12 AIBN 2% |Xylene| 70 24 3109 6141
13 AIBN 2% | Xylene| 70 24 3500 7295
14 AIBN 2% | Xylene| 70 24 3689 6165

10 Inventive Example 5 — Preparation of Polyacenaphthylene Homopolymer:

To a 2000-mL flask equipped with a magnetic stirrer were added

200 grams of technical grade acenaphthylene, 0.4539 gram (1.917
mmol) of Di-tert-butyl azodicarboxylate, and 800 ml of xylenes. The

15 mixture was stirred at room temperature for 20 min until a homogeneous
solution was obtained. The reaction solution was then degassed at
reduced pressure for 5 min and purged with Nitrogen. This process was
repeated three times. The reaction mixture was then heated to 140 °C for

6 hours under nitrogen with stirring. The solution was cooled to room

20 temperature and added into 2000 mL of ethanol drop-wise. The mixture
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13 AIBN 2% Xyl ene 70 24 3500 7295 14 AIBN 2% Xyl ene
70 24 3689 6165 10 Inventive Exanple 5 - Preparation

w@booRokywarenapht hyl ene Honopol yner: To a 2000- pAT/U528k034816

equi pped with a nagnetic stirrer were added 200 grans
of technical grade acenaphthyl ene, 0.4539 gram (1.917
mol ) of Di-tert-butyl azodicarboxylate, and 800 m of
Waserkep! THEINDS UAing (7R Nearheedr piidentaty span temperature for

t 0%, 20 11 0L Sree
RBEHE 2 B - The hEabiHEh baf BAERYHES ol th iration.
ghe pRAYSEHAcPHASSHHR HAE iRtIM2D0TEIPWTgEthanol lind the mixture

Ni trogen. This process was repeated three tinmes. The

memc keph stirsibgiresingsan loyerimesst stirmes ar4manf mpeatieigr for 30

under_nitrogen with stirring. The sol uti s _cqol ed .

PNy Jlh B ke BetBaRY AR SdIPRIES BYQIARopy 1ne washing
o . : 4

R HRe D daged o e ifhos 1T RS MR formeg was

ghileced oy flioatioh eambaat ded frohoodnovéraig0 Thenairthried white

precipitate that formed was coll ected by filtration.

Phecipitats piasdhenviasthendiiegat PAr°e odey feduged Srassite-

and the m xture was kept stirring using an overhead

stirrer at roomtenperature for 30 5 mn. The

precipitate that fornmed was col |l ected by filtration.

TG MARNERSMPRY 6CE B eartasn fof Fy ey Inteb vedet | Mes.

The precipitate that formed was collected by

filtrdto erbQwnlaiflaskrécedpped Mt acwegnednistireievere added 50

e A
P ratj on_£ Loyl Ti 0- -
oS 2haltopy o passery To.9ggg0 sk 2.2

gk oRutyeshiatiseasd (IBY/mpius e xylehies. dhier exbptonel sva stirred at |
0. 3952 nol of ure 5-vinyl-2-norbornene), 0.1298 ¢ .
(rooTOBBNRRsItYrepfor22Q minAgRki 8 iherrRAsIEeNSt 59V EoR Wadeptained.

bt B O 0 Bl B for 5 o
wad Bt dI&Hth Nit®depacthioneekbsd iWas Wepebfentislegatars. The

at reduced pressure for 5 mn and purged with
e b ¢ hoye mixTines wasothess heated eépekd €€ for 8¢ hourss under nitrogen

with stirring. The solution was cooled to room temperature and added into

500 mL of ethanol drop-wise. The mixture was kept stirring using man
overhead stirrer at room temperature for another 30 min. The precipitate
that formed was collected by filtration. The precipitate was then put into
500 mL of ethanol and the mixture was kept stirring using an overhead
étirrer at room temperature for 30 min. The precipitate that formed was
collected by filtration. The washing procedure was repeated one more
times. The precipitate that formed was collected by filtration and air dried -
in hood overnight. The air-dried white precipitate was then further dried at
50 °C under reduced pressure.

A layer is made and baked. At an appropriate time in an integration
scheme, the baked layer is decomposed and the decomposed layer is

volatilized to form a gas layer.
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reaction m xture was then heated to 70 C for 24 hours
under nitrogen wth stirring. The solution was cool ed

wa o00s0er: enper at ure and added into 20 500 nL PET/US2003/034816
et hanol drop-wi se. The mi xture was kept stirring using
an overhead stirrer at roomtenperature for another
30 mn. The precipitate that fornmed was coll ected by
filtration. The precipitate was then put into 500 nL
Qe ShPERL g 7 N I) XS YBSol ﬁBFboSrhbﬁéJcBgadé‘Ha gnjtl_ 7
preci pilyabSodndak- cfdléﬁaﬁapmhyl%ﬁecméyecbeecbrbpared accordlng to
filtration. The washi ng procedure was repeated one

ther dollowires. AT Pr edephisat denmitar Por %WW@@SP%& edong;
filtrat d d h
bt 85be i 4 oohd R REReEM, e, nc
lgé)rlr(g di‘ ﬁﬁ&dése%gsﬁo%%m% e0dYy | averagc2 mate ABDO-mL three-
t an a

ropriate tine i'n an integration 30
s6dIeMask tiizh bakeshHetigestiirer dedovippoged inled Etrhﬂeoutlet are added

9500 %82;)5%3{@&2 ol UsbocPhSHET e RO e £95hi @ ©f
 SeinaniBTRh et 27 RIMACERAINERRIGAATRIARAE Dl et mixture

a
CE r&o acena ene may be prepare

%Q)C(?é ditiifed Gt FoEmf @ér‘nﬁ&d’tlre Apttlll a Dwoﬂrieganeous] esulifien was
ley, Gegory S

5 Ayusman Sen
YhateingdyTo 2069 T plaatic o@@rc@g@r Rre B@ﬁ@éj.q(@ﬂﬁrﬂj (9%9%7 mmoi)

oh LB FieiRo R P IR (e C71Q o 16298 nily B PPh
bA6baang Ribhsy Atnariage NEtadoHiCHAAm Maht AT i of

phényl™ 2-nor bor nene, acenaphthylene and
37041Id$ﬂon®éthdhéh|(nf)0trméh®)e (rhextrmxeum) BTheS nmekekee ab room

(A) is stirred at roomtenperature, a h eneous
sehperaigrewetil golhameggneqids 084190 |sppé m%d gﬁog'[\ﬁ(gyre (B) is

?‘?%‘ gadcfc%& ggcliné% gn d?%}-&w %?e'pfafbd? the re(a(c):tléag mixture is

'ﬁ@?{e)d ed B3 under #i8gen (WitR S3dorusly) sﬂfrmg for 24 hours. The
(CH3) 2C6H314B and 31 m of dichl oronet hane

olutiar ssB)henThreciniiatedan(B}8ins! ehanathane!. rilwings is collected

te erature til a honpbgenepus solution is obtained.
Pryelilffation, an B;leijémder reduced pressure.

A layer is made and baked. At an appropriate time in an integration
scheme, the baked layer is decomposed and the decomposed layer. is

volatilized to form a gas layer.

Inventive Example 8 — Preparation of Polynorbornene-co-indene
Polynobornene-co-indene may be prepared according to the
following. April D. Hennis, Jennifer D. Polley, Gregory S. Long, Ayusman
Sen, Dmitry Yandulov, John Lipian, Geroge M. Benedikt, and Larry F.
Rhodes Organometallics 2001, 20, 2802. To a 500-mL three-neck flask
with a magnetic stirrer and nitrogen inlet and outlet are added 25.00 ¢
(0.1468 mol) of 5-phenyl-2-norbornene, 17.06 g (0.1468 mol) of indene

and 210 ml of dichloromethane (mixture A). The mixture (A) is stirred at
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then added to mixture (A) under nitrogen and the

reaction mxture is heated to reflux under nitrogen
WowRhoviogprously stirring for 24 hours. The sPCTIUBIIN3/034816

iss then precipitated in 548 nl of nethanol. Pol yner

is collected by filtration and dried under reduced
pressure. 20

Al i
roRTpr GBS BT Y P OO O P B L e ed g 2 £5
ol RUR! bonidaromRasech il bR AipgOORBddT erhel  of [(1,5-

volatiTize rma gas |ayer. Inventive Exanple 8 -
cPerpatalibes Pel CRel(ghhr b ke (b293denema of PPhs, 0.2603 g

B i
. €g0r . . . i .
SRR SR, LT B Yoo i pltabrun

h@i&@g{éﬁ@%ﬁ Al kbRAIHG, oARinedB0Zhe TMiRLUBOOBIL is [ther- add&d to
flas with a magnetic stirrer and nitrogen inlet and

noitlret (A endédedtragencang 3be (Bagkien MBItHIreAs heated to reflux
5- phenyl - 2- nor por.nene, . 17..06 0.,14 I £
T L S
i it 0 083/
Sy 2 RO oty o o

dldidaif@st refocad Gresdurepl asti c contai ner are added
0.0778 g (0.2937 mml) of |

c]¥c| o davali isiepeel eopd)aked: ) % ’afif PPFEPY IO IBERIN ARdptearation
of PPh3, 0.260 0.2 _
S e PSR By PO i i scepasen dever
(dhitidetBlornT Beyds yer.e (B) is shaken at room

tenperature until a honpgeneous sol ution is obtained.
The m xture (B) is then added to mxture (A) under

ni trogen and t s o
InMge i\g XARM i atlon m]g(u_l F-l 0 o:- é-Bé-B-

ThSuRa\ AN bbARRe-BI-ACeRbbRIfAud) 420 nl ~of

_ . colTecte y fiTtration and 1o
dr i edpaIy¢BibheadHRatbrporsesier-5-trigthaxesilyi-2-muberregne-co-
baked. At an appropriate tine i tegration

awinapbthylgaebakey ayemnaée‘éie%nnﬁggé‘bﬂa gpdipril D. Hennis,
‘ gr?rﬁ%OB?chl)ﬁé/y?r Girggor\{/ogf‘t l[é)lin&,e%\ytugrr(é?{ B, IBsnit Y §andulov,
John Lipian, Geroge M. Benedikt, and Larry F. Rhodes Organometallics
2001, 20, 2802. To a 500-mL three-neck flask with a magnetic stirrer

and nitrogen inlet and outlet are added 25.00 g (0.1468 mol) of 5—phényl-
2-norbornene, 29.80 g (75% pure, corresponding to 0.1468 mol) of
acenaphthylene, 3.77 g (0.01648 mol) of 5-triethoxysilyl-2-norbornene
and 293 ml of dichloromethane (mixture A). The mixture (A) is stirred at
robm temperature until a homogeneous solution was obtained. To a 65 ml
plastic container are added 0.0817 g (0.3084 mmol) of [(1,5-
cyclooctadiene)Pd(CHz)(CI)], 0.0809 g (0.3084 mmol) of PPhs, 0.2733 ¢
(0.3084 mmol) of Nal[3,5-(CHs)2CeHslsB and 33 ml of dichloromethane
(mixture B). The mixture (B) is shaken at room temperature until a

homogeneous solution is obtained. The mixture (B) is then added to
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15 Inventive Exanple 9 - Preparation of
Pol y(5- Phenyl - 2- Nor bor nene- co- 5-

waeioenkioxysi | yl - 2- Nor bor nene- co- Acenapht hyl enelCT/US2003/034816

Pol y(5- phenyl - 2- nor bor nene-co-5-tri et hoxysil yl -2-norbo
rnene-co acenaphthylene) may be prepared by the

follown April D. Hennis, ,Jennifer D. Polley

@Figgdey @ UL”é’ﬁ@ nipg@enednSahe rsﬁptlpp VRAYE 49, hea29d to reflux

iﬁ‘lagﬁorre I iCS gggﬂ%luigle Qﬁ%k@t folrg‘|2 I@(%gyTﬁF hsr%;lgtq%i & then
fdra@blta/tédwa B Rat b€ nfdthah @l Podeniid coBgdtednbetfilgBton and

outl et are added 25.00 g (0.1468 nol) of 5-phenyl -
2riegr witerarduced IOEBG)SSJJFWS% pure, corresponding to

0. 146 ht 3.77 0.Q1648 nol .
of 5 0} IR yards RS Rk lor AEAB SRPraie ZogTiA oA itegration
depBhY, O haRed (rEygk Us ed@&omﬂ@?ec{“e?ﬁtdurtﬁe(dsécdrﬁposed layer is

stirred at roomtenperature until a honbgeneous
solatilized teaferobs gjasddyerTo a 65 M pl astic cont ai ner
are added 0.0817 g (0.3084 mmol ) of [(1,5-

cycl ooct adi ene) Pd(CH3) (Cl )], 0.0809 g (0.3084 m’njl) of

'T’nﬁhém\% Ié%g’l%oge 100 %’QgparcHB,’\)QfSEQl\?E-Ehgm%%OFEB esc0-5-

ar Crir Or OITet

Mirdelt b6 Ry €iI7)-2+-N o Al kB Ae @b - lha@ma)termer ature until a
honogeneous solution I1s obtained. The m xture (B) is

then &ohe®-plenyP wmoamemmdﬂz riedTexs9 6208348 itene-co-
ur. e under ni en and th cti.on mxture is
V) bE T Sl e aaT i gish TPt ﬁ%?'wgasaorr@mod April D.

n 4~ho 4 on S .
it b i TR N e, iy

dandeddwe d Jm;hrf i ll.lpraalt,l Geragel  Mlir Iweﬂﬂd;er anhddueed F. Rhodes
pressure. 2@/ i s made and baked. At an
&Hgﬁeﬁme&@/é% Tn28n aaﬁ%gr-ﬁ‘? i2oR00-thiiree-nask Badeavith a

oGl SHE0 TSR B LR R SUPRD &0 (PR, 28 90 0y (9. 1468
&l &Fab Pheal|-0fndtebindriz, Prmmd 2(0\enBer ARIIEvFAN@enel03.77 g

Tri et hoxysi |l yl - 2- Nor bor nene- co- Pndene
BIGA B henyl)- 20ﬁor%¢nﬁmvswl52-ﬁprmmenys| aydl - 2229r bml  of

f:lbcﬁ‘lchwcrﬁ%ﬂﬁgfeaﬂgbnxg%pl |A pr er%aer e%lxat%cr:é) ' ?Anglst os’urreed at room

temperature until a homogeneous solution was obtained. To a 65 ml

plastic container are added 0.0817 g (0.3084 mmol) of I[(1,5-
cyclooctadiene)Pd(CHs)(Cl)], 0.0809 g (0.3084 mmol) of PPhs, 0.2733 ¢
(0.3084 mmol) of Na[3,5-(CHs)2CeHs]aB and 33 ml of dichloromethane
(mixture B). The mixture (B) is shaken at room temperature until a
homogeneous solution is obtained. The mixture (B) is then added to
mixture (A) under nitrogen and the reaction mixture is heated to reflux
under nitrogen with vigorously stirring for 24 hours. The solution is then
precipitated in 458 ml! of methanol. Polymer is collected by filtration and

dried under reduced pressure.
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Henni s, Jennifer D. Polley, Gegory S. Long, Ayusnman
Sen, Dmtry Yandul ov, John Lipian, CGeroge M

w®eovediterz and Larry F. Rhodes 15 Organonet al | P€FUDOI034816

20, 2802. To a 500-nL three-neck flask with a
magnetic stirrer and nitrogen inlet and outlet are

T L L

eﬁ‘let rigd xeal layker 4s n@é&ﬁhﬁ@ﬁ'&l afd 209 ddcarhposed layer is
C

Oromet hane (mxture A). The mixture (A) is
wilatilized &t farooend2@ lbgemer at ure until a honogeneous
sol ution was obtained. To a 65 m plastic container
are added 0.0817 g (0.3084 mml) of [(1,5-

QOSE neyRA(CH3) ()], 0.0809 g (0.3084 mml ) of
%@g@@gﬂ. 0. 3084 mml) of Na[ 3, 5- (CH3) 2C6H3] 4B
and 33 nml of dichloronethane (mxture B) The m xt ure
(B) is shaken at room tenperature until

homog¥hdotlisarbIRAN o mad@amVa.lm@mt'\fPhEXW% apgyejhave the
t hen added t ture der nitr d xtnhe
R R
é%e‘hlé phtBAERE Shy ISI§II §tainag fBrrFo% §1Q#§i$)n |FHHQXSO| ution is

precipitated in 458 of met hanol. Polyner is
collected by filtration and dried under reduced
pressure. 44 WD 2004/ 04197PalleT] US2003/ 034816 A | ayer
is made and baked. At an appropriate time in an

i nt egrati on schene—thebakedtayer—is—dgconposed and
t he deconposed | ayer—ist+ g L 288N% dorm a gas

| ayer. 5 Inventi e 1|nj‘I P,A.'l hd—HAN 2 nmade by
I nventive Exanpl a8 “hove e _Bropdrties in the
fol | owi ng Tabl es |ZN4#er & \WAPQ_A ' f or

acenapht hyl ene anitipiof °/°<>t afd® for p%P¥di sppersi on
i ndex. 10 Table 7 PAN 1!PAN 2 Monomer- AN AN Si wt% 0

0 Solvent Xylene Xylene
Temperat 140 140
ure (C)
Time (hr) 6 6
Mn 8,959 6,936
Mw 23,281 18,381
PDI 2.60 2.65

This composition had two weight percent of an adhesion promoter of

hydridopolycarbosilane.
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Initiator DBADC DBADC Initiator %0.1% 0.5% Sol vent
Xyl ene Xyl ene Tenperat 140 140 wure (C) Tinme (hr) 6 6

wO008/090% 6, 936 Mv 23,281 18,381 PD 2. 60 2.BGr/Tk1083/034816

g:)gprrgfiti oP hﬁddtvvg wei ght percent of an adhesion

er o ydri dopol ycar bosi | ane. 45 WD 2004/ 041972
PCT/ US2003/ 034816 Tabl e 8 PROPERTY DETAILS PAN 1 - ~~-
PAN 2 W |oss % 0-300C Ir2/#581. 795 Ranp | 300C for 1

hour 1.093 1.448 300-350C 0. 771 1.108 3B50C for 1 heut
_TCPRIPERDY 220 350-5000LS1. 820 20. 200ANGtal 73,339 PAN 2
Lo L 0SS 70 Up&2fec0- 971 1.4091.288mp 2 250C f of.795
10"\& 59379, 321 5C 66. 14/9364. 680] 425C1.448
for RaMRolir 17, 15
Transition DS ) —{ DAN ﬂ 8U 14 ass 1.108
9 \C[©) v onT Tapte 7
above was appl | ed50% ﬁprdqh coll cubd 3560 T 48.220
350-500°C ““”"2‘1’.§26 ik 20.200
Total 73.339 72.771
Wt loss % 0-250°C 0.971 1.409
Ramp 2 250°C for 10 0.211 0.321
minutes
250-425°C 66.140 64.680
425°C for 1 hour 17.960 15.470
Total 85.282 81.880
Glass Transition DSC 309 304
(Tg) (°C)

PAN 1 from Table 7 above was applied to a Si-based substrate and

baked.A The baked film had the properties in the following Table 9:

Table 9
PROPERTY PAN 1 ' PAN 2
Thickness (Angstroms) 5299.4 4662
Refractive Index 1.6805 1.6809
(@ 633nm)
Film Quality Good Good

The preceding was repeated except that PAN 2 instead of PAN 1 was

used.

Inventive Example 12

PAN 1 from Table 7 above was applied to an oxide based
substrate. The applied material was baked (100°C, 200°C, 350°C at one
minute each) and then degraded (425°C/one hour). The baked film had

the properties in the following Table 10:
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baked. The baked filmhad the properties in the

follow ng Table 9: 5, Table 9 PROPERTY PAN 1 PAN 2 71
wabhiogksmss ( Angstrons) 5299.4 4662 Refracti vePCTtis2003/034816

1.6805 1.6809 (@ 633nn) FilmQality Good Good The

precedi ng was repeated except that PAN 2 instead of

PAN 1 was wused. 10 Inventive Exanple 12 PAN 1 from

Table 7 above was appl i ed to%ﬂ-’l@de based

hourBQStﬂﬁéebaked fiThickeass 15 |t he pﬁaértl ed in tH®59.7
foll owi ng Tabl g 10{ArBt\@s2004/ 041972

PCT/ US2003/ 03441 6ndebat@ €33rimPROCESSL &¥3 PROPERTY PANsd52

| F- PAN 2 ' Post| Bake gjm.ckness| 5327 4659.7 _

(Angﬁﬁrcﬁmﬁiyln ex (@M 1.8815 IgBERZ  SIUZ - - Gooqg

i SNl Ll U o
§ oKness 17 iRtas (8 6330, & °6f9f/'3 dotdet abld 7903
Si 02 - Conducthvtt Y \l\él eCritant Not—Getgetabtr¢€ .
poi nt probe) > -
Conductivity Not detectable Not detectable

{4 point probe)

The preceding was repeated except that PAN 2 instead of PAN 1 was

used._

Inventive Example 13

"PAN 1 from Table 7 above was formulated with an adhesion
promoter as follows. To a 500-mL flask with a magnetic stirrer were
added 50.00 g of PAN 1, 3.35 g of hydridopolycarbosilane, and 214.39 g
of cyclohexanone. The mixture was stirred at room temperature overnight.
The homogeneous solution that obtained was then filtered through 0.45
pm PTFE filter once and 0.10 um PTFE filter twice. The composition was
applied to an silicon baéed substrate. The applied material was baked
(100°C, 200°C, 350°C at one minute each) and then degraded

(425°C/one hour). The baked film had the properties in the following
Tables 11 and 12: |
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The precedi ng was repeated except that PAN 2 instead

of PAN 1 was 5 used._Inventive Exanple 13 PAN 1 from
wdaiwsme4ip7above was formul ated with an adhesi onPCT/US2003/034816

pronoter as follows. To a 500-nL flask with a magnetic

stirrer were 10 added 50.00 g of PAN 1, 3.35 g of

hydri dopol ycar bosi | ane, and 214.39 g of cycl ohexanone.

The m xture was stirred at roog“errperature over ni ght .

The honpgeneous sol ution t ai ned was then

f 7 et j 10 m
[ S GRERTY OUOT O p ARSTE T TeT g e oo m
si | i ¥Brotma%ed s bst ra@‘e25oiEp apflied Bet'&% al  wals

bakedRamp(1100C, |200€50356C Ht one ni nBtQ21dach) and
then degraded (|425C/ owmiteour). |{The baked film hlad the
properties in the fokb@aO0eC Tahl es 10.1@29%612: 47 WO
2004/ 041972 PCT/|URO®S 34&Hbur Tabl e 1B 4eROPERTY

DETA{M%?SA% T W 105§ 7%0% 250C |0. T1080; fagp T 250C
for 1% iy 0C10 122 @pC for 1
hour 1. @5%3 losgg%ﬂg % o 131%%22')5) 250 f or

10 0.024% mi nut So42 " hour
AP A I 75 1 R AT A ST S A

Transition DSC 300425°C for Thour |~ — 4.284%

425°C for 1 hour 0.036%
Total 75.950%
Glass Transition DSC 309
(Tg) (°C)
Table 12
PROPERTY PAN 1
Thickness (Angstroms) 10246
Sigma % 1.43%
Refractive Index (@ 633nm) 1.667
Film Quality Good
Modulus (Gpa) 6.694
Hardness (Gpa) 0.378
BET Film did not have any
measurable porosity.

Inventive Example 14

To improve the thermal stability of polyacenaphthylene, a 300°C
cure occurred. To a 500-mL flask with a magnetic stirrer were added
50.00 g of polyacenaphthylene, 3.35 g of hydridopolycarbosilane and
214.39 g of cyclohexanone. The mixture was at room temperature

overnight. The homogeneous solution that obtained was then filtered
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(Tg) (C) Table 12 PROPERTY PAN 1 Thi ckness
(Angstronms) 10246 Signma % 1.43% Refractive |Index (@

w@3Ban31912 667 Film Quality Good Mdul us ( Gpa)P@r/692003/034816

Har dness (Gpa) 0.378 BET Filmdid not have any
nmeasur abl e porosity. 5 Inventive Exanple 14 10 To

ADBRRRe GBSt Pt Tiker 2naabarl. 2L Rnai Tt Tisbrsiicg. The
o e PR (R arm R AR ARED TR0 ) Bl frareril was

tykkahaxanepe 250heC MaKd LBE@0 WasaBbnk aalMute rhitandethen cured
overni ght. The honpbgeneous sol ution that obtained was

{B6A 1G lowoae hatg) viEhedom badghe mOpEUS=00B e eliewing Table
tﬂr ough 0.45 pm PTFE filter once and 0.10 m PTFE

filfter twice. The conposition was applied to a Si

based substrate. The applied material was baked (150

C, 250 C, and 300 C at one minute each) and then cured
(300 C for one hour). The fillabead3t he properties in

tha followinag Tahl o 5 13 Table 13 PROPERTY DETA|I LS

Cur RRGPPRTYN | dss %RETAL® 0. 093% REREIPAIE for| 10
0. 01%f0loss UL €S 0-250°C 0.053%
Ramp 250°C for 10 0.010%
, ' minutes
250-300°C 0.032%
300°C for 1 hour 0.987%

Inventive Example 15

To improve the thermal stability of polyacenaphthylene, the
following chemical monomer modification occurred, To a 50-mL flask with
a magnetic stirrer were added 2.40 g of polyacenaphthylene of Table 14
below, 0.24 g of hydrolysis oligomer of tetraacetoxysilane and
methyltriacetoxysilane and 17.17 g of cyclohexanone. The mixture was
stirred at room temperature for 2 hours. The homogeneous solution that
obtained was then filtered through 0.45 pm PTFE filter once and 0.10 um
PTFE filter twice. The thermal properties are in Table 15 below and Figure
3.
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250- 300C 0. 032% 300C for
Exanpl e 15 To inprove the thernal
w@einacemnapht hyl ene,
nodi fication occurred. To a 50-nL flask with

t

1 hour 0.987% 10 Inventive

stability of

NPCIDTR1003/034816
a

he follow ng cheni cal

magnetic stirrer were added 2.40 g of

pol yage

hydr ol

na qth

1T

yl ene of

Table 14 below, 0.24 g of

i goner of tetraacetoxysilane and 15

met hyl tri acet oxysil ane and 17.17 g of cycl ohexanone.

The m
hour s

Nibkbn@er

\as ANTIT

[ Jikeswshonogeneods sol uti on that

t hen

pm PTE

Tabl e

f
gL

bw @26 Fi

PCT/ U

S 3H0/@ND

B4 8d/ene T4

Initi
Tern

hTanpeiB
parafCiu

ADC | niti
e (1& 14

30872

TiR®I (hr2

54 6Tabl

14 PA

N Mn

12161

Mw

30872

PDI

2.54

Table 15

red at roomtenperature for 2

obt ai ned was

ihitiggered OBrOCgH 0.45 m PTFE filter once and 0. 10
er tw cHg.

The thermal properties are in
gure 3. 20 49 WD 2004/ 041972
ble 14 Mononmer AN Si wt%O0
ator % 0.20% Sol vent xyl ene

O Time (hr) 6 M 12161 Mw

e 15 Properties Mdified Table

Properties

Modified Table

14 PAN

Wt loss

Ramp

%

0~250 °C

0.07508%

250 °C

(10 min)

250~300 °C

0.03018%

300 °C (1hr)

0

.76180%

Inventive Example 16

To

improve the thermal

stability of polyacenaphthylene, the

following chemical monomer modification occurred. To a 50-mL flask with

a magnetic stirrer were added 2.600 g of polyacenaphthylene of Table 14

above, 0.234 g of tetraacetoxysilane, 0.026 g of hydridopolycarbosilane,

and 17.06 g of cyclohoxanone. The mixture was stirred at room

temperature for 2 hours. The homogeneous solution that obtained was

then filtered through 0.45 um PTFE filter once and 0.10 pm PTFE filter

twice.
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W |oss %0-250 C 0.07508% Ranp 250 C (10 min)
0.03018% 250-300 C 300C (I hr) 0.76180% 5 Inventive

wE2@apsw716 To i nprove the thermal stability oPCT/US2003/034816

pol yacenapht hyl ene, the follow ng chenical nononer
nodi fication occurred. To a 50-nL flask with 10 a
magnetic stirrer were added 2.600 g of

pol yacenapht hyl ene of Tablﬁa !]14 ﬁgov_e, 0. 234 g of

t et raacet oxysil ane, 0.026 dri dopol ycar bosi | ane,

and BRo/ERTEy of qycl ohgpqa(ipge. The mx,;,l qulewas Stjirred

at room terrpercture for 2 hour g. {1& neoys

Ul.a.ll t:l\.ll T 1 1_C £ + vn' h
BU'4§W 1o L%ff, | ; 525@ (4 0 10 m D PEEbQ %t or %5
twi cetaBB Wo 2004/ oaﬁ@“ﬁzfqvcirﬁ/ US2003/ 994878% Tablle 16
PROPERTY DETAI L% diminsdes E Tahle 14 PAN W | dss %
0- 250C 0. 1507% Ranp 25@80CG or 10 0. 0.03B3%% m nyt es
250- 300C 0. 03819%3@OC foorn hbuhour 0. 097828%300C |f or
2"d hour 0.891 1 $poimwsert MeurEXanpl @ 491 B The

follow ng iIntegration scheme may be used with the
present invention. As shown in Figure 4, the
foll owi ng steps occur for a copper

Inventive Example 17

The following integration scheme may be used with the present
invention. As shown in Figure 4, the following steps occur for a copper
dual damascene (via-first) integration process flow and illustrate the use
of the present invention at the trench level only. Any kn\own deposition or
application method including but not limited to spinning and chemical
vapor deposition may be used in the following. Any known removal
method including but not limited to wet or dry stripping may be used in
the following. Any known barrier metal including but not limited to made
from Honeywell’'s tantalum targets or tantalum targets taught by
commonly assigned US Patent 6,348,139 or 6,331,233 incorporated in
their entireties by reference herein may be used in the following. Any
known anti-reflective coating including but not limited to Honeywell's
DUO ™ material or taught by commonly assigned US Patent 6,268,457 or
6,365,765 incorporated in their entireties by reference herein may be
used in the following. Known processing including ‘but not limited to
thermal processing such as baking or cross-linking or reactive gas may be

used in the following.

Referring to Figure 4A, a barrier layer 14 such as SiN and/or SiC

“was applied to a copper layer 12. A via inter-level layer dielectric 16 was

deposited on the barrier layer 14. An etch stop layer 18 was applied to
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dual damascene (via-first) integration process flow
and illustrate the use of the present invention at
wo b@4osenzh | evel only. Any known deposition oPCT/0S2003/034816
application nethod including but not limted to
spi nning and chem cal vapor deposition nmay be used in
tHd@id pltbPwveg laydtydikizewic Ne&rovakheridiiyodedraclabié pglybuér 20
not limted to wet or dry stripping my be used in
widseapplidcote mige emly stopwry&iat Biand thenaprogessadi n'@ltbevgh not
om Honeywel | stantal ar gef s
iiBteated in ot Joch eHbBTPR o) oL o dRet ) Bs SPgHatPsY on
th@ttﬁQFméll\?"l%g}g’c?at% Solprbr 233 i %oﬂ%@r at/Rth4rg mta@ﬁ' 22 was
entireties reference herein may be used in th
déposited ran tABythdmml\hy dagradabfd eotlywer ciat i i antl reflective

chaNRd| &1 e ARRHEdbO IR BRAKgAl S FfeBnbaked. A
pﬁofo?rgs%§726o(/vas tffé@msa rfg AN PLRALE 8&%@ I&%bgnlg 24% and then

retr és B ereln may use

bhRéd.oW A&hotigﬁvvnoprmgeﬁatéw viEe| litebBenphiyt theh |olcﬁutr%d and
to thermal processing such as baking or cross-1linking '

pbetaresist iAfewgasdewsjonrd. used in the foll ow ng.
Referring to Figure 4A, a barrier layer 14 such as SiN
and/or SIC 25 was applied to a copper layer 12. A via

i nt eﬁelf@rv.ﬁb ‘JoaVi%hréM@ eﬁé Plfsm8 89 2818F>%htr%¢heeﬂv& h®ating
barrier |ayer etch stop layer 18 was applied to

28] HAPd 2884k O, othzrirally WERPed4tla 48 gmet RO véimh stop layer 18,
inter-level layer dielectric 16. Athermally

apd griadpus! @fﬁ&lwrd'@@d%&ﬁéaﬁm%C&umdr he etch stop

| ayer 18 and then processed. Al though not illustrated

in Figure 4, an adhesion pronoter |ayer may be

deposict&singnto Fiird e, Mdlel photegsaidabbenas| stiBped ff find the

needed. A hard nmask 22 was 5 deposited on the

antigeffactive degatitabPd pukymseleztivelsn ramdvadef | délepping then
coatlgg 24 was applied to the hard mask 22 and then
OFaREBY- A photoresist 26 was then applied to the
anti-reflective coating 24 and then baked. Although

not illustrated, via |lithography then occurred and

phot Reésririsy 26 F\/A@Bredé‘{Dsl opedillid® occurred ‘and an anti-reflective

material 30 that can be the same as or different than anti-reflective
coating 24 was applied. A photoresist 32 that can be the same as or
different than photoresist 26 was then applied to the anti-reflective

coating 30 and then baked.

Referring to Figure 4E, trench lithography although not illustrated
occurred. The photoresist 32 was then developed. Trench plasma etch
34 of anti-reflective material 30, hard mask 22, and thermally degradable

polymer 20 then occurred.

Referring to Figure 4F, the photoresist 32 was stripped off and the
anti-reflective material 30 was selectively removed. Plasma etch 36 of

barrier layer 14 to open to copper layer 12 occurred. Cleaning then

52



10

15

20

25

30

Referring to Figure 4B, via plasma etch 28 of
anti-reflective coating 24, hard nmask 22, thermally

waelegnadant e pol yner 20, etch stop |layer 18, apdI/Uubm03/034816

| evel inter-layer dielectric 16 then occurred. 15
Referring to Figure 4C, the photoresist 26 was
stripped off and the anti-reflective coating 24 was
Q6FHEUEAvel y renpved. O eaning then occurred.
Referring to Figure 4D, gap filling occurred 'and an

o or P EOLHT g A Eatie? Ty vee L EoRGES 2aAgaver 40
el 88podit N UMESPPD FshydicHl Gé\asbrbeebae.t@me D O[chemical

d|fferent t han photoreS|st 26 was then applied

&RpoF depbesittony e andGat Ab) Blomnid IBandbaksadon)ZSCopper 42 was
eferring to Figure 4E, trench I ithography although

ten i platedr afoughe dted! Uﬁ*ﬁ%"eﬁho‘f‘or dgis 32 (A4t Ren other

%‘f%lrﬁgﬁggd):%ﬁggqo%&‘?ggégtr the?J %‘d 5’(’1'6?% t\gf) and to

terra ard mask egr adabl €

pldnamze 2 stepnatoifihaRidmasd zR;ef erring to Fi gure 4F,
the photoresist 32 was stripped off and the
anti-reflective materi al 30 was sel ectively renoved.

Pl as tch r e t o opep, to copper

I aye er(S'@@u?? j:fdgu Ael[illn f%é B’Zd%agﬁg!ﬁ/ Bﬂ%@gg' 20 was

RS @?&Q%%rﬂ@l@eg@eew ‘éﬁg tief ﬁﬁﬁétﬁgtlélg/ F4&8ta8ed Gehermally

barrier |ayer and copper seed | ayer Wer e .

dep o atodel p@etymgr Rds tipdy siotllizedport afefesistivomre &vDthe gas
(chem cal %qrva por dep05| tion), and/or ALD (atom ¢

I9§9e?’4d\é’|§és Aodissr Javaralgvendd phat ean be ttheugame or
eljelni' l{ﬁ%ﬁadaerﬂeP ”aﬁérgﬁewés o?}é%sﬂ%d% &6m glete the g]tegratlon

anarlza I'on" process occur to renove cC
bambpgérﬂﬂmiwﬂ and to planarlze and stop at the hard
mask 22. 10 Referring to Figure 4H, the thermally
degradabl e polymer 20 was then substantlally degraded

ol yman it Al hipd Y FREHEGH: (BF BI StonCRarD tagnd it

HBBoSi®®dn step may be skipped if etch selectivity between the thermally
degradable polymer 20 ‘and the inter-layer dielectric 16 can meet the -
integration requirements. Although not illustrated in Figure 4, an adhesion
promoter layer and/or surface treatment step, such as a .reactive ion
etching or a non-reactive gas plasma process, may be applied after the
deposition of one layer and prior to the deposition of the following layer

when needed.

Regarding hard mask 22 in the integration process flow illustrated
by Figure 4, it is permeable to the effluents of the thermally degradable
polymer 20 upon degradation, and is mechanically strong enough to
withstand the planarization (Figure 4G) and thermal degradation (Figure
4H) processes. Hard mask examples include organic materials (including
but not limited to Honeywell GX-3™ material, Polyimides', SiLK™),
inorganic materials (including but not limited to SiCN, SiON, SiO2'", FSG,
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gap 44 was fornmed. A barrier layer layer 46 that can
be the sane or different than barrier [ayer 14 was

walepesiterl to conplete the integration 15 of POPP£2003/034816

layer n. Although illustrated in Figure 4, the etch
stop layer 18 and its deposition step may be sklpped

B oA BT G i TR i
ting1uhnd HBHA l'lrﬂﬂeH%UHBﬁW\W/gE HASPRG ! Honeywell HOSP

illustrated in Figure 4, an adhesion pronoter
&rdtYr nzatefiak e Honegihwv@intNatapassSuahatsgiah freact Sp i-0Dn; and

or a_non-reactjve | asma process, may be
23&;5 'LMngBlé‘Pkep'ftrﬁ@“ ddepgv¥prd onog\‘ononéquﬁy@NEHndWﬁWlﬁr or with

f I | a e
SrRlE SR e eSS A BT B RediEEEEEn o o
fthenmally dsyrafabte pby iregur m %ddlttonl SthRefnBaRler to%lb@ﬁ-uc may
effluents of the thermally degr adabl e pol ymer 20 upon

Begiedenier dromating alzoveelistaoh makénalst rong enough to

w thstand the planarization (Figure 4G and thernal

degradation (Figure 30 4H) pr ocelsses Hard rraskb

exanpl es! iJxcl organ r n .

li mmt)ed tod}r I—bﬁggl\;\e/e 7 G’)R(g%dltll\a/l%?ra? gr ?é%éé}ggﬁ?/hm%ées%tep%tlonal

SEMATVECH Uttrayanmckerd{smIpS’, (Junelasdi r@dut not

limted to SICN, SiON, Si02'11, FSG 53 WO

2004/ 041972 PCT/ US2003/ 034816 SiN', SiOCN, silicon

carbide), or inorganic-organic hybrid materials

(nvesitivei Bearhple 1®t 1inmited to Honeywel | HOSPTM

mat eri al, Honeywel|l HOSP BESt TM mat eri al, Honeywel |

Nanogl assTM material from Spin -On; and Coral TM

Bl ack TRearmIiliMy AES s angHé?nlnté@%moWQEhWn%h%t Rlay be

with 5 certain porosity to facil e the outgassing

ugenh witb ﬂe@rmdaeminm\m‘ntmn tAerstedwii theFiquaabbe the followmg
addition, the inter-layer dielectric may

E %eP@E?% OF 3 FPPREF &l&@bedqmaqce@fe fdedirpl| mtegretiopf process

o B el BCRSEbA Ryt abhchoben e

only. Any known deposition or application method including but not

Iimited to spinning and chemical vapor deposition (CVD) may be used in
the following. Any known removal method including but not limited .to
wet or dry stripping may be used in the folléwing. Any known barrier
metal including but not limited to made from Honeywell’s tantalum
targets or tantalum targets taught by commonly assigned US Patent
6,348,139 or 6,331,233 incorporated in their entireties by reference
herein may be used in the following. Any known anti-reflective coating
including but not limited to Honeywell’'s DUO ™ material or taught by
commonly assigned US Patent 6,268,457 or 6,365,765 incorporated in

their entireties by reference herein may be used in the following.

Referring to Figure 5A, a barrier layer 14 such as SiN and/or SiC

was applied to a copper layer 12. A via level inter-layer dielectric (ILD) 16
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I nventive Exanple 18 15 The fol |l owi ng descri bes

anot her integration schene that may be used with the
w@e@geno7i nventi on. As shown in Figure 5, the POCI/USA03I034816

steps occur for a copper dual danascene (via-first)

integration process flowand illustrate the use of

WES dBpBSREI JnMHRNbARR: Mydries  ranehch eve) [ay@h! V8 W¥Wapplied

known deposition or application method including but

toothe20ial ievit eﬁet-dmeeplmehenglcaﬁ@ chehermhallyapegradable polymer

dep03|t|on be used in the follow n An

ZIOT @@ﬁﬁ%éﬁo hBEeh REQR, weg BRiansothen Rheraealiv, Proggssed.

knoam%gar r er 3 ne”{@?[ t?ﬁg pFiéﬂb%Pl %hg?l '*Wg{p‘g%"fﬂms" rated in

Fig @@ BbféﬁywlhésnﬁntgﬁBh&JtBMaytearrget/Sb@ﬁebaﬁhedi Wwn tlag grésmally
taught by commonly assigned US Patent 25 6,348, 139 or '
dwosadalis pdlyimer 6t Htrasdes .- t Helike &igurectA esapyayer 48 such as

- SReaeAnareraiTbarl The Co TR dorrpfiab PRl An ant

refELGeE ddadenexnel EJSSG WHO it ek i @l Qéptlaggrhuéolénd then
commonl y assigned Pat ent 6, 268, 457 or 6, 365, 765

bakedr p@r @hedonelslsttmemasrthen eetppélsedbgo tleé¢ ezrﬂﬁcﬁldmeivei tmoating
used in the foll ow nl%g 30 Referrin

hand Wi rakied lghough Sk Ntata8edy WAARBPIRY (a8 Socurred
it e#)ﬁ@%ré&s??%%@%%)del\,%}’ %002\/ \c/)|4?9|7§\/e| inter-layer

PCT/ US2003/ 034816 was deposited on the barrier |ayer
14. An etch stop layer 18 was applied to the via
| evelRéfgtring |t<a ur@i @Be\ﬂarmlasm@ etght S rafeantisreflective coating

gr ad lied. to the etch st
i 23, ThETrHE, entrialiy pORPaecao.fton S il fngnd vi
1868 Tk gty iRiddAL 18 idrbEQurfdy. Al though no
IlTustrated In Figure 5, an adhesion pronoter |ayer
may be dep05|ted on the thermally degradabl e polyner
20 if_needed. Unlike_ Fi %Iéée 4A, cap layer 48 such

Si 02 F&@f@ff&&é@ﬁl%%ﬁ% PHEFSTEFIS) RiolrarabiRpssormnd the
FRARRY AN ES0 o ERa TRk s alpg, ey then

desiridden applied to the anti-reflective coating

Referring to Figure 5D, gap filling occurred and an anti-reflective
material 56 that can be the same as or different than anti-reflective
material 50 was applied. A photoresist 58 that can be the same as or
different than photoresist 52 was then applied to the anti-reflective

coating 56 and then baked.

Referring to Figure 5E, trench lithography although not illustrated
occurred. The photoresist 58 was then developed. Trench plasma etch 60
of anti-reflective material 56, cap 48, and thermally degradable polymer

20 then occurred.
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10 50 and then baked. Although not illustrated, via
l'ithography then occurred and photoresist 52 was

walewelooperl. Referring to Figure 58, via pl asnmaP@rt/vk20631034816

of anti-reflective coating 50, cap 48, thermally

degr adabl e pol ynmer 20, etch stop |ayer 18, and via 15
level jnter-la ctric, 16 then_qccu

et or FIAETI9 B GUREoRE TirePhAY 6TRLPG: 155 Sibped off and the
S r%@l%@u%fm%'ﬂé’nélhg6 ! sIBLRET M6 08| Placha WEh 62 of
sel ectively renoved eani ng t occurred. 20

Retdsr |Ian@rt d4F|thbpe5D|;o gayppler | layeg D2 coccw@dednCleaming then
anti-reflective material 56 that can be the sane as
@ccHIefler ent than anti-reflective material 50 was

appl i ed. A photoresist 58 that can be the same as or
different than photoresist 52 was then applied to the

anti - RifbREd Y6 FighreL6d, i thitrieh |apst 6heshdIepPer seed layer 66

Referring to Figure 5E, trench |ithography although _
tveerei denesited easingcRMPr dohysier phpeodepositioss, Dt kehemical

d I d. . T h tch 6 f ti.- | ect

XGPoF (apost IO agnlor i [HEMIE I PySugEPatBNL HOPPREOS was
0 43197

%Qe Ugiz%%gl 83%025@%R ﬁr%%gfggdogl éur@ gre 5 CMP or other

rpilm’iemzesuostpr58ems:cet1rre¢ﬂeden'fdveacmbﬂd’neand barrler on top as well
anti-reflective naterial 56 was sel ectively renoved.

P LAalayet 3 angr to siarr atethe Hypsmally degraghbiems!wogpéayer 20.
| ayer 12 occurred. C eaning then occurred. 5

Referring to Figure 5G barrier |ayer 64 and copper

-seed l|ayge GtheriRilg dRBRsddRs BsiymSer”\dar PAY§IsEad additional

vapor deposition), CVD (chem cal vapor deposition),
amdmﬂslm,Dtm@tfoH@wnmgimﬂmbdmrdnoa)rk atshpep Byenasill not be

RSB kS, o SRR S Mo B s Bosion
PR (RO DR rd'eSFaleblé WARet®ld.  As an alternative to optional
hard mask 70 and not illustrated, an'optional cap layer may be deposited
on the thermally degradable polymer 20. The thermally degradable
polymer 20 was then substantially degraded and volatilized ou“c of the
structure, and the gas gap 72 was generated. A barrier layer 74 that can
be the same as or different than barrier layer 14 was deposited to'

complete the integration of copper layer n.

Although illustrated in Figure 5, the etch stop layer 18 and its
deposition step can be skipped if etch selectivity between the thermally
degradable polymer 20 and the inter-layer dielectric 16 can meet the
integration requirements. Although not illustrated in Figure 4, an adhesion
promoter layer and/or surface treatment step, such as a RIE or a non-
reactive gas plasma process, may be applied after the deposition of one

layer and prior to the deposition of the following layer when needed.
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as cap layer 48, and to stop at the thermally
degr adabl e pol yner layer 20. |If the thermally

waelegnadant e pol yner can withstand additi onal PCT/US2003/034816

processing, the follow ng optional hard nmask and cap
| ayer will not be 15 needed. Referring to Figure 5H,
an optional hard mask 70 was deposite

he . "
t her mAthpugbgilyalBted Boligwes S20-neaar: yer t”&é ﬁQP'i i degosition
. _h S S t ;

304 A beaBkPafEr dfe e PRk o EAT R peffrmeg with the
@l@é}h@@bbﬁgrﬁ@bw@ﬁolg&eﬁm Hhﬁf P@slkW@e@l’tada:blle@ratlon process
pol ymer 20 was then substantially degraded and
flomaillusiraged bt Figbira Recarouse ther saime, makriial %2 nbioysap 4-

72 was generated. A barrier layer 74 that can be the
same as or different than barrier |layer 14 was
deposited to conplete the integration of copper |ayer
MveNth/RoEkdmbld ¥gtrated in Figure 5, the etch stop
[layer 18 and its 25 deposition step can be skipped if
etch selectivity between the thermally degradable

ol r 20 and the inter-I|ayer d|e ctric 16, can
the I B RR iegagon whaHS. e Mg%e%%ab'e Polyfer layers
ke UREFRIE Gt BofH Aet vy &Y adjé]*ﬁﬁ'l Q8velB' ﬁ?t Herl Wstantlally
and/ or surface treat ment step, such as a E or

degrddede apasvpladitized puaces she nstyudirappl Igedeu&ftéegasi lrtwers at
deposition of one 30 |layer and prior to the

deposheivem aptl traech e ngasayeas lavers Reded. fogpedyirom the

2004/ 04197 / 8200 034816 h ill
ik s et A Asokitioty < PRNESE. i A duBL farhfscene
*ﬁ‘?oéé‘éspﬂg\ﬂ/ isf uéiéd eStoRIRNRVERBYE CE&aﬁ%’lebel P@hao’f&ﬂednstead of

with the thermally degradable polymer 20. Hard mask
depbsitinige ai staglaadi via prvet deterledviebvdielelctrie r b6 eals bjescrlbed in

IigRiTie, ESERER of Aot Hororn Eheralb derairerRalymer 16 is
tg@?hgﬁ%& Bétdcﬁgr\ﬁg?@eq %I%Wﬁ tﬂgqgtsegﬁg'ﬁoﬁ oéé’srs”ﬁg}/\ﬁ&f these
0 r t

e via and ench T'evefs an en su stanti a

dxgriies] anbovatiathierinzeig dBdra@dblehsolgtien Qe deposited at the
generate gas |layers at "both the via and trench
teanshslevehe fdtefabirthgreprocaayinpeas dlustrated dmlayrntive Examples

17 and 18, both thermally degradable polymer layers 16 and 20 are

degraded and volatilized out of the structure leaving a gas layer(s) at both
the via and trench levels. Etch stop layers may or may not be used based
on the etch/process selectivity of the via and trench level inter-level

dielectrics 16 and 20.
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same or different thermally degradabl e polyners. A
dual danmascene process flowis used foll ow ng

w0 pooei#i9ve Exanpl es 17 and 18. Instead of 15 de@DER10031¢34816

a standard via level interlevel dielectric 16 as
described in |Inventive Exanples 17 and 18, a

&@eétrrial I!%imdegr adabl e polymer 16 is deposited at the
; |l owing the integration process flow of

these exanples, a second thernally degradabl e pol ynmer
20 is deposited at the trench level. After further
pr oceési Bgsdayéet fmrmatéctrematarialns;@acﬁedefrmhim gsoam cmsisting

3ha 26eqmeh Wwi%?éggb'oﬁv@oﬁi%%?sbl ; BeeAtayiife” copolymers;
renchg\t'g éﬁ@véc%ﬁ?]a%hﬂ%ﬁeh GI‘OWm%P %%ﬁ%orbgﬁ}e\ﬂg d%ﬂgatlves

evel's stop

biseid ofopolyrerebatene @mlsqocﬂﬁc%ﬁaphthwené tdudy (drpleaddether);
trench level inter-level dielectrics 16 and 20. 25 57

voly2ouden 4BstagetTMudtibont osab 18cry\@tetmethasryptesd:cresslinked

G@ﬁgpgtqe wgyPg]engg gmlﬁrﬁ alnaé"l l{;ﬁﬁé@?@%{%?@ spyreﬁe Gl diviny!

BERPSRNVIN B1eiRRA8 oY B -Fialeimnifgg bor nene and
acenapht hyl ene copol ymer; pol ynor bor nene derlvatlves

bl end of pol ynor bor nene and pol yacenapht hyl ene;
poly( ene et he pol yam de;

ol 7§ Bunkis sl ogen ralian R ok A e iayingdess than two
Bl gkl s DABPRRRIAZHY TS G AlSAORGLYT™r S

rene a with maleim
bi s- mal ei m des. 10 2. The gas layer formation nmateri al
of claiml having less than two percent weight |oss :
af ter 3hol dhRggas BusDCaraatione nhaterial f wmn"geas Wagegin said
formatiaon mat m 2 wher ei

f

%ﬁfgpﬁlaw Sl ot o thEhr S SRS Ehg, phgagenanthylene
ﬁf&f}‘ﬂl}érh&seﬁﬁd %@HQBMW@C&S@ ffepapht hyl ene

copol'y :

The gas |"ayer formatlon mat eri al of
claim1l additionally
4. The gas layer formation material of claim 1 additionally

comprising an adhesion promoter.

5. The gas layer formation material of claim 1 additionally

comprising silane of the following formula

Rip

/
Rn//SI\\R

13
Riz

where Rio, Ri1, Riz, and Rz is the same or different and selected from the
group consisting of hydrogen, alkyl, aryi, alkoxy, aryloxy, acetoxy,

chlorine, or combinations thereof, and where at least one of Rio, Ri1, Riz,
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conpri sing an adhesion promoter. 20 5. The gas |ayer

formation material of claim1l additionally conprising
wapdoanervof the following formula RIO 25 RIT' -BUT/RIB03/034816

R12 30 where Rio, R11l, R12, and R13 is the sanme or

di gferent and selected fromthe group consisting of

rogen al Al to

o gff?n@ Bk AP s SE R Yot U o oREs “Sibangsiioxane;

R85 Sl , pdtyfner RidethytheViPisi0R4n&4ddyider; siloxane polymer;
PRy Tloxgh il or ety iphoiAc koxy, aryl oxy,
hadetgexysilsesqaioxanener matheheitiesan@Xa@ne- phenysi | oxane

pol ymer; net hyl phenyl sil oxane pol ynmer; sil oxane

po:yner hydr ogen sil sesqui oxane; or et hyl

si | sgsquioxane. > Bepdsithid)- MRtEeAOTohHEngrbeid alas layer

conpri sing g@l dogas F?ayelr formation ‘r.rtgé}erlgrﬁ of ﬂal my
fdrmatiorAnedterthiced clamor. deposition precursor conprising
said gas layer formation material of claim1l. 10 8. A

f: I'm conprl sing said gas layer formation material of

cl ai ubs XAV f I

Chor don” gherieal §3RRF REBRIREEPkeSatebr dorbiing Sl layer

FGRARGLS nstetiBEoBERIMOf . using a gas layer formation
material selected fromthe group consisting of

acenapht hyl ene honnpolyners acenaphthylene

copol ners nor bor nene . C ht h -
pol yifor ot femiNAGRIFEEss BEhACEnotBorRer BoPharam
and po!yacenaphthylene, pol y(aryl ene ether)

pol yam de;

9. A substrate having said film of claim 8 thereon.

10. A method of forming a gas layer comprising the step of: using
a gas layer formation material selected from the group consisting of
acenaphthylene homopolymers; acenaphthylene copolymers; norbornene
and acenaphthylene copolymer; polynorbornene derivatives; blend of

polynorbornene and polyacenaphthylene; poly(arylene ether); polyamide;

A B-staged muitifunctional acrylate/methacrylate; crosslinked styrene divinyl

benzene polymers; and copolymers of styrene and divinyl benzene with

maleimide or bis-maleimides.

11. The method of claim 10 wherein said material has less than

two percent weight loss after holding at 300°C for one hour.
12. The method of claim 10 wherein said material is selected from

the group consisting of acenaphthylene homopolymers  and

acenaphthylene copolymers.
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mal ei mide or bis-maleinmdes. 1 1 . The nethod of claim
10 wherein said material has |ess than 25 two percent

wei ghtﬁﬁlﬁgz ﬁ'll%'ihg@ll(%“ W%n%t 180Qhd J%fn QIR rh‘iﬁfena]rzadd|t|onally

The erein sai mat er 1 al

ehfnied édmﬂ,@ioﬁ Beorbterp consi sting of acenapht hyl ene
honmopol ynmers and acenapht hyl ene copol yners. 30 59 WO
2004/ 041972 PCT/ US2003/ 034816 13. The nethod of claim

;gh\gﬁgﬁl g;rg &@nﬁtg faﬁ%ghéltqjg\éﬁé Clsﬁ%ﬁ’&%éﬁﬁ% additionally

n‘fipr'i'@seéllla"i‘lle St fd?l%Wlhp foPmeRPri ses _silane of the
follT'ow ng tormul a \' --S 10 R13. R12 where

Ri o, R11, R12, and R13 is the sane or different and
selected fromthe group cpfisisting of hydrogen,

al kyl, aryl, al koxy, arylgxy, acetoxy, chlorine, or
conbi nati ons thereof, and/where at | east one of Ri o,

R1,, R12, 15 and R13 is_gjkoxy, aryloxy, acetoxy, or
chlorine; or ganosiRllpva%;@ henysi | oxane pol ymner;

met hyl phenyl si | oxane p yrrép\ si | oxane pol yner;

hydr ogen sil sesqui oxa or meihyl sil sesqui oxane. 15.
A process conprising Riee steps of: 20 (a) in an

by Bty CRoh SRS, e s SR R b s B o the
t30p2ReNLIstRY Bf Hydrob&RS alkyl, aryl, alkoxy, aryloxy, acetoxy,
chlorine, or combinations thereof, and where at least one of Rio, Ri1, Rz,
and R is alkoxy, aryloxy, acetoxy, or chlorine; organosiloxane;
phenysiloxane polymer; methylphenylsiloxane polymer; siloxane polymer;

hydrogen silsesquioxane; or methyl silsesquioxane.

15. A process comprising the steps of:

(a) in an inter-level dielectric layer, incorporating a polymer having:
(i) a glass transition temperature of greater than about 200°C, (i) less
than two percent weight loss after holding at 300°C for one hour, and (iii)
a decomposition temperature of greater than about 350°C;

(b) heating said polymer to a temperature of greater than about
350°C; and

(c) removing the heated polymer.

16. The process of claim 15 wherein said polymer is selected from
the group - consisting of acenaphthylene homopolymers and

acenaphthylene copolymers.
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than two percent weight |oss after holding at 300C for
one hour, and (iii) a deconposition tenperature of

w@e@aner7: han about 350 C; (b) heating said poP@IES2009034816

a tenperature of greater than about 25 350 C, and (c)

rlermvi ng EMI:e heated polyner. ¢ 16. The process of

cl ai 5 er f he

gr oupnl]-]-l' consi ?th:%rﬁ%bgsggtﬁa‘%@t ?/I@ﬁé%%glgoﬁ@m% and
gp gh@@@a@hé@bwmbmotéﬂ WD 2004/ 041972

PCT/ US2003/ 034816 17. The process of claim 15 wherein

said polyner additionally conprises adhesi on pronoter.

;gdi ;I' ngl e%goq%%ﬁgbf‘scg@ 1@%%&% Ha qgﬂ g’m:err additionally
éd?véﬁ?#%s ﬁ'léhe & e foillvinB¥3rmigle? Wwhere Rio, R,, RI12,

he sanme or different and sel ected fron1the
group conS|st|ng of hydrogen, al kyl, aryl, al koxy,
aryl oxy, acetoxy, chloripd, or conbinations thereof,
and where at |east one off Ro, R,, Rz, 15 and R3 is
al koxy, aryl oxy, acetoxy/ or chlorine; organosil oxane;
phenysi | oxane pol yner; thylphenylsiloxane pol ymer ;
si l oxane pol yner ;r;; Zéb |Isequ|oxane or nethyl
si | sesqui oxane. 19. ess of claim 15
additionally conpr|3| priom;o said 20 step (b),
treating said ponnE iz | ayer by exposure to el ectron
beam radi atjion, ion beagéradlat

wheraRiom uRix AiddRet s thRiSMAT 8ﬂf?rﬁPgﬁeaa§ﬂi%‘?tSPif6?ﬂ‘ the
&IOL?E) éWSlstmg of hydrogen, alkyl, aryl, alkoxy, ‘aryloxy, acetoxy,

chlorine, or combinations thereof, and where at least one of Rio, Ri1, Riz,
and Risis alkoxy, aryloxy, acetoxy, or chiorine; organosiloxane;
phenysiloxane polymer; methylphenylsiloxane polymer; siloxane polymer;

hydrogen silsesquioxane; or methyl silsesquioxane.

19. The process of claim 15 additionally comprising prior to said
step' (b), treating said polymeric layer by exposure to electron beam
radiation, ion beam radiation, microw ave radiation, ultraviolet radiation,

infrared radiation, or x-ray.

20. A microchip comprising a gas layer wherein the gas layer is
formed by:

(a) forming a layer of polymer having: (i) a glass transition
temperature of greater than about 200°C, (ii) less than two percent
weight loss after holding at 300°C for one hour, and (iii) a decomposition
temperature of greater than about 350°C;

(b) decomposing the polymeric layer; and

(c ) volatilizing the decomposed polymeric layer wherein the gas

layer forms.
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20. A mcrochip conprising a gas |ayer wherein the gas
layer is 25 forned by: (a) formng a | ayer of polyner

whamwignge7yi) a glass transition tenperature OPCHUSHDE034816

t han about 200C, (ii) less than two percent weight
| oss after holding at 300C for one hour, and (iii) a
deconposition tenperature of greater than about 350
C, 30 (b) deconposing the polyneric layer; and (c )

vol atid{ zimpg titgodRpOSPeaRE 2P WHEREINCsdidYRyMBEIRIeR is
the gas layer fornms. 61 WO 2004/ 041972

POThei$2008/s0B84886c. 21. The microchip of claim20
wherein said polyner layer is formed on a substrate.
5 22. A m.croel ectronic device conprising: (a)

Subst 125 €in ()N HovldioEabkinge0r adabl e pol yrrer

having a glass transition tenperature of at | east
200C gad substapapl e of bei ng degraded and

vol atilized; 10 (a) porous capping |ayer adjacent to
sai d (@bl yarkaviee of djermallyy dagrasipbieepaly nbelr ha\eRg |%aglass

dj acent .to the end f _sai ric_lLayer... 23. The
HARSIP okl ReGR0T ob et 40dh: ¥3% s GpaftiBcas iRy delfades
tner Va@ktiNzedtS degradabl e pol ymer is selected fromthe
group consi sting of acenapht hyl ene honopol yners;
acenaghl hyl eneparopslocpppirgg layer bdjagent to aril polymeric layer;
acenapht hg/l ene copol yner; pol ynorbornene derivatives;
bl end of | ynor bor nene and pol yacenapht hyl ene;

pol y( qaylrﬂ.@f‘alg{ahﬁér) I;alyepla}ﬂ%géﬂ?;to tfs $hadeH sai iprc]>ll<yer8eric layer.

mul tifunction acrylate acryl ate; cross
styrene divinyl 20 benzene polyners; and copol yners of

styrene and divinyl benzene with maleimnde or ]
bi s- med®i niheglicroelecirgitie deyice gf claifmZdgwherein said thermally

rge%rrggallbqgt rggliy%eqevisces%%%?er(ijSif?oqmt h%he group consisting of
acenaphthylene homopolymers; acenaphthylene copolymers; norbornene
and acenaphthylene copolymer; polynorbornene derivatives; blend of
polynorbornene and polyacenaphthylene; poly(arylene ether); polyamide;
B-staged multifunctional acrylate/methacrylate; crosslinked styrene divinyl
benzene polymers; and copolymers of styrene and divinyl benzene with

maleimide or bis-maleimides.

24, A process for forming a microelectronic device comprising the
steps of:

(a) applying thermally degradable polymer having a glass
transition temperafure of at least 200°C on a substrate;

(b) applying a porous capping layer on said thermally
degradable polymer layer;

(c) patterning said thermally degradable polymer and porous
capping layers;

(d) applying metal barrier layer to said patterned layer;

62



10

15

steps of: 25 (a) applying thermally degradabl e pol ynmer
having a glass transition tenperature of at | east

wWQe@Toer7a substrate; (b) applying a porous cappi/ng003/034816

| ayer on said thermally degradable polyner |ayer; (c)
patterning said thernmally degradabl e pol ynmer and

aver o sai diparaly measdipe said BRI 041072 ©
ayer @& o saij
PCT/ U 5003/ 03?@%@,2, )sa d"@éqgéo‘e\ﬂ SIRgRRAItBFoPR éjgas layer.

poly and I ZI sai d degraded polyner to
forma gas |ayer. 25. The process of cIa|n124 wher ei n

said thermal |y degradable 5 electe m

the gPBup Tdtﬁwsnf@@@%goéfd%\'eér%fgﬁ’t/ 9'[%553' @wﬁe@radable
acenapht.hyl ene cop mer. r

Gl 1 i ey Jiferendfiohe B R, glihyiens

oneP.:.Ol yn%b@ﬁé;ﬂﬂ'ﬁ?leﬁéd pQjoprb@nait hyhersesrnene  and

y aryl ene ether); polyam de; B-staged
auémapfhihvtelntenalcoaohyhat el nekynacbqnnang gedvaliveskedblend of

EE ;ngfgofg‘:%\éggi)ﬂ/{}(ﬁ rlﬂ%legng{faﬁgﬁ {%‘9 r@y@fﬂﬁﬁé% " SolPhmide;
gd% g@b erhp]tﬁﬁﬁctlgﬁal a gla%/?ﬁ&%%cﬂflafel EHrH’s@ﬂwked) styrene divinyl

I Ona I SIn rior to sald

béﬁﬁéh@@oﬂ‘»ﬂhdrsﬁ f@idmiolpmlwlﬁgrrsadatﬂtvrqml ynérdlbywydamane with
to 15 electron beam radiation, ion beam radiation,
maleiovide orrhigiraalpivaidesyl travi ol et radi ation, infrared

radi ati on, or x-ray. 63

26. The process of claim 24 additionally comprising prior to said
step (e), treating said thermally degradable polymer by exposure to
electron beam radiation, ion beam radiation, microwave radiation,

ultraviolet radiation, infrared radiation, or x-ray.
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