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RELATED R¥P¥32480 ON DATA 5 This application is a coRFTFMIRIT R of
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and entitled "Air-gaps for Electrical I nt erconnections. ™
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-1- causes greater crosstalk, higher capacitive losses and increased RC time

constant.
20 In order to reduce capacitive coupling, much effort has been directed
toward developing low dielectric constant (low-K) materials to replace
-conventional dielectric materials that are interposed between the metal lines on
a given layer and between layers. Many conventional electronic insulators have
dielectric constants in the 3.5 to 4.2 range. For example, silicon dioxide has a-
25 dielectric constant of 4.2 and polyimides typically have dielectric constants from
2.91t03.5. Some advanced polymers have dielectric constants in the 2.5 to 3.0
range. Materials in the 1.8 to 2.5 range are also known, but such materials
have had associated therewith severe processing, cost and materials problems.
The lowest possible, or ideal, dielectric constant is 1.0, which is the
30 dielectric constant of a vacuum. Airis almost as good with a dielectric constant
of 1.001. With this recognition of the low dielectric constant of air, attempts
have been made to fabricate semiconductor devices with air gaps between
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netal |eads to reduce the conpacitive coupling between the electrically
conducting nenbers. The air gap form ng techni ques that have been

devel oped have varying degrees of conplexity. U.S. Patent No.
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| ayer. The air regions are seal ed, enclosed or isolated
sel ecti ve formegrinwatieastanssef the hrsesmamber onthe nap mirpber cmmmwmatmgque
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| eads and
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of f, thg dy5pOeRPEGiohd)Fa seMfiBonductor device. The air regions are formed by either

selectively removing a sacrificial spacer or by selectively removing a sacrificial
layer. The air regions are sealed, enclosed or isclated by either a selective
growth process or by a non-conformal deposition technique. The air regions
may be formed under any pressure, gas concentration or processing condition.

25 The techniques disclosed in the aforesaid patents rely on holes or other
passageways for effecting removal of the sacrificial material. In U.S. Patent No.
5,461,003, a sacrificial material is removed through a porous dielectric layer.
According to this patent, metal leads are formed on a substrate, after which a
disposable solid layer is deposited on the metal leads and substrate. The

30 disposable solid layer is then etched back to expose the tops of the metal leads.
Then a porous dielectric layer is deposited over the metal leads and disposable
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oxygen noves through the porous dielectric layer to reach and react with
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20 lines can prove deleterious. Copper is becoming an increasingly lmportant
metal in semiconductor manufacturing due to its lower resistivity when compared
to aluminum.

SUMMARY OF THE INVENTION
The present invention provides a method of forming an air gap or gaps

25 within solid structures and specifically semiconductor structures to reduce
capacitive coupling between electrical elements such as metal lines. Such
method overcomes one or more of the drawbacks associated with the aforesaid
prior attempts to reduce capacitive coupling in semiconductor structures such as
integrated circuits and packages.

30 According to one aspect of the invention, a method of forming an air gap
in a semiconductor structure comprises the steps of (i) using a norbornene-type
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nor bor nene-type pol yner. In a preferred enbodi nent, the solid

| ayer is a dielectric material through 10 which at | east one of the one or
nore gaseous deconposition products can pass by diffusion under

condi ti omeopgis216et ri nental to the semiconductor structure. PCT/USIROIYD t he
nor bor nene-type polyner preferably is of the type herein described,

whi ch conprises repeat units of the general formula: 15 [err] 20
wherein R err] and R[er_rf]_independently represent h drogien aor |inear or
branched polymer 88 i sacsificiab matgrial teygccupy & QIPS%wtﬁ\{%rqu UMedBFendent | y

r epr esent n ' o) 2 L ar d yl or the
groups: | 5%&898‘1‘;1‘& bﬁﬁg{uf%o‘ggé%uﬁﬁgﬁ?/e Fgc'&]@d@ o'g%étr?? @Erg ﬁéﬁ ,rh%%éét hyl ;
Rlerr], R[(préfbragdelﬁ{dwco}nposéaummmml treatment) inte onel drmoare gasanusnched
(derr] to, Jerr]) . alkyl, |inear qr branche err Q err 30 al koxy,
li near or '?’CPE‘?‘HC‘%@’&@Br’FW"éﬁ"P&/?F'&é&%@L&W %?\8" H%Et ituted or
U“SUbStétga%%ohg[déddnﬁ&iﬂ@bfd&u&é by Pa¥sage ttﬁoagnlamstghérso@duayé; and n

is a nunb
from 0 t o cantiguduato ke intetorvaltmeubEhe deeomposition of thesastfisialmateriak| ect ed

Nbr e genengryes apiai sk Bt FHEEPERERIREEY wollhe STtNRY dlnblid By "), o
i nvent i on fABbRiHY-Wpewelpmess honopol ynmers and copol ymers containing 5
Fepresent ed by IFch REATNPA eORUMSRH PAldRv B A Jalact e BHgustndom
;:Feat LB9 WhichSat9654t\6i &f RE SAY8F Riord gaseBlis HBESMPbSHIbA PRodEts Ranigasbel ow
by diffusion under conditions not detrimental to the semiconductor structure.
Also, the norbornene-type polymer preferably is of the type herein described,
which comprises repeat units of the general formula:

15

m
Rig2 g3 R¢
20
wherein R' and R* independently represent hydrogen or linear or branched
(C, to C,,) alkyl; R2and R?® independently represent hydrogen, linear or branched
(C, to C,,) alkyl or the groups:

9
25 R

-(CH),-SiR!0R1IR 12 Ia
R® independently is hydrogen, methyl, or ethyl; R, R"', and R'? independently
represent linear or branched (C, to C,,) alkyl, linear or branched (C, to C,,)

30 alkoxy, linear or branched (C, to C,,) alky! carbonyloxy, and substituted or
unsubstituted (C, to C,,) aryloxy; m is a number from 0 to 4; and n is a number
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forth Fornmula 11, honopol yners or copol ynmers containing repeating units
derived froma nononer unit(s) represented by bel ow set forth Formul a
11 and ynmers conprising a conbination of repeating units

repr eseng‘gggggg% Formulae | and Il Forrmulae | and |11, FHGHIW8010495nd
1l or Formulae I, Il and I11I. According to anot her aspect of
the invention, a nethod of form ng one or nore air gaps in a

d f ' t d
Payer o - didth G S5 & (RSPbh of SublinEhEPR= Bhalr s SRR (B the AB: ' 15
of one or group rgpmehted)bymme farchula sebfortienhdeniduct or structure; (i)

deposi ting Jﬁ second r| al gn, the substrate within regi ons bordered
by the sacrificlafegene %acr%lpﬁlpqmqqsweéw iBnsaetining the present

e e

second material in the regi ons

(iv) caus |ragd@mnere9@atmg |Lmltaldemedrfram & monheawmusteor mbnomes udits 20 nore
at | east one of the one

o o o SBREenId BRSBTS Y FierdVuiets ot caBemers eantames saesoma
layer  réedfiy uAe defive@ fond oritier ahif of BRIB(LAILL BNl MARBiSRNdYCt OF

structure. appreciated by the s
descri bed f%@fﬁ@“ﬂ%"phﬁm Yinens or copadymesscanddining tépeatingneaitsctisriegene

' ial is 25 d |
feposi 11 offom & mbHBie Uil eprairive By bilpHiaet Fth Epoue Weatohd mat er i a
i ncl udes ¢spblyniers corfigrigiig td d&nﬁmaﬁbh%f re ICId‘}:ﬁ%Pég?{e%%rﬂe{; s on

opposite sides of portions of the sacr rror to the
formi ng of ormalas bapddl Fompedae { and émrﬁmmulae Il and HborFomhulaey, Bantdilned

wi th a hei ght t adj acent sacrificgial material,
such that the resuilr{hhﬁﬁoaél}?)tﬁg}pg%%ﬁ }lﬁ] ngﬂﬁ Ff?gh 80f&ﬁﬂﬂ%ﬂ"§é”] eads,
as my bemmwei alegaps ie hlsembadﬁctbh St?uetdré%bmpnsmg the steps of 9) formin

Accor di ngna&e ‘ﬂg her _as t of the invention, a net ormn an air

gap Wit hi yer of éa '§'i matariad °§t%§gb§tfateu<=prr@§pngd@g§aca paiterinal
materi gl oPone oﬂﬁﬁkﬁ)yaﬁs % Bé‘?grrhéa % tHY séﬂkdbrﬁﬂu g% n%b@:aeﬁf’fﬁ'lﬂlﬂ)e of

heati ng the sacrificial rral to cause
nmor e gase@8Beapncdomptasial |th3qummewnhantég(om$ bommd by thé shenfidialone of

| cast  one maiplis R Btting an ARHEORARYeL Sl mBieHal evpuviho e petiomed @vr e 1 ne

deconposi bf sacficialhmaterizl ighddetonaahatdril in the ﬂeﬁmﬁae?éd ??iﬁb at the
closed inter |fr vol une pr evi ously occup| ed by sacrificial material.

10 saerficisbmateniala(ircaising sg@rlfmlm@tenahmmmpm iatd pne or

vent Fon ore gasedts dgdihiesiush Brotits, Shd ) HAEDERA hstdlie PR RRSn or ¢

her ei naf t er niarel gaseousctimnmmmnmﬂrqimldts bylpaskigs thraugH tﬁébvéfbdd??aféra' s,

the foll ow scrl I on e annexed draw ngs setting forth
detail on&° 36 Q}'&é}lggw%m%\rﬂt in the semiconductor structure. It

will be apprec;ated by the skilled artisan that the described process is particularly
well suited to the copper-damascene process in that the dielectric material is
25 patterned prior to metal deposition.

As is preferred, depositing of the second material includes using a
conductive material to form conductive leads on opposite sides of portions of the
sacrificial material. Prior to the forming of the overcoat layer, the conductive
material may be formed with a height less than the height of the adjacent

30 sacrificial material, such that the resultant air gaps extend beyond to the
conductive leads, as may be desired to eliminate fringe effects.
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15 of the invention, such being indicative, however, of but one or a few
of the various ways in which the principles of the invention may be
enpl oyed. BRI EF DESCRI PTI ON OF THE DRAW NGS

Fi gs. 1A-wDosmmeénli agr ammati c cross-sections of a portion oPCEHUS98/01049

sem conductor structure, illustrating several steps of a nmethod according
to one 20 aspect of the invention. Figs. 2A-2F are diagrammtic
cross-sections of a portion of a sem conductor structure, illustrating

several steps ohceordingtoca firthardspget of the inveRtionsa methed obforming anaint i on.

Figs. 3A-3F a c
sem conducq @pﬁ{,@%ﬁg{m{é cﬁﬂﬁ"&ﬁq %éstg Qr%zgia u? "’90’5 E?&nlr(95ltrﬂa%i%(‘:%cord| ng
to f urgderipyas plosddhterioe voluvenin the. structure (i) heatlﬁggbe sadrifidtalar e
di agrammati c c:g(iss secti.gns, of a on of anGUCt or.structure,
i |1 ustrat |‘ﬁ'§t&1 &0 gause #io d(ﬁmﬁ"rﬁgFHB oRe 6F mq{S %eous PMpSsitiolnect of
the i " p?_ﬁ%ucts and (ii) removing at least one. of the one or more gaseous - 6-

are diagra

Flgs tic Cross-sections of a portion of a
seni conducdenomposmou peodudts lbytpassagg throughaat leastmnepsolid layeccontigususnpl e

i agr ammat B BEHEE Yol e AsioSols K67 HkBlineastion shthe sabfifia el Lr

i 11 ustratijagvesuprar gap%m@éxoeaemlitenoswlqnfe srevicusdy celpied byahaet hod
according to the invention. DETAI LED DESCRI PTI ON OF PREFERRED

EMBODI VENTSRcrificial materiakef erring now in detail to the drawi ngs, the various

steps of a neth 9 ct of
the' i nvintion aj be Tovention Mg BioNded sELERs, dhdiaRbdR SeiBBRIBIENT! 0o
1A and 1B, staugtatds;preduced inl agoardariceswithitiie aiethodwr the iiventions f or rred on a
substrate 22 byg_sny sui tabl e tec

exanpl e, by firdpeiferaaaing 3“1’%’ fgp Ufeg%ﬂh? g\ggpfﬁX@{%hefﬁgggﬁ)qrﬁj ¥n t he
substrate ags&méiﬁé’h@bﬁﬂlddlhrﬁl Soinfedy éu'"l%ttﬁél%lalms ﬂ%bﬁbﬂiﬁ?déé’tﬁldﬂéﬁ%nd for

exanpl e by et or any other suitable technique, to 15 formt
patt er ned tlmjeml’l@fedsdiawlﬂ!;% rsamngefoahuauem mph@%ﬁdlt&tWe@mbﬂdlmgnts

Lot rea bR oGS Al ARnlRr RAE ol o b 1 e
non-sacri f ygfiehs ways!in ¥/hich théﬁnndpléb@ﬁtﬁ@tnvedtlon méanebp&mployed, | ayer in
overlying relation to thepal HIQEIPTION OF THE DRAWINGS

Figs. 1A-1D are diagrammatic cross-sections of a portion of a
semiconductor structure, illustrating several steps of a method according to one

20 aspect of the invention.

Figs. 2A-2F are diagrammatic cross-sections of a portion of a
semiconductor structure, illustrating several steps of a method according to
another aspect of the invention.

Figs. 3A-3F are diagrammatic cross-sections of a portion of a

25 semiconductor structure, illustrating several steps of a method according to
further aspect of the invention.

Figs. 3A-3F are diagrammatic cross-sections of a portion of a
semiconductor structure, illustrating several steps of a method according to
further aspect of the invention.



| ayer 20 as depicted in Fig. 1C. Then, heat is applied to the deconpose the
20 sacrificial material into one or nore gaseous decorrp05|t|on products

and one yqoddy 1 fPr € of these deconposition products are rep€ 3a35| ng
t hr ough “‘1 S ruc?ur

second | ayer 24. This provides an air-gap e 28
havi ng one or nore air gaps 26 in the closed interior space or spaces
previously occupied by the sacrificial material 20. 25 Ceneral ly,
an air-gap str Eigw%—d!d afrerd‘ragi'dmmaab egodsasectiorisesfta portiohtafrd al s, a

sacrificial pateri d CcO ses to aseous, produgcts and a per manent
e o semionducior tichire, TRARAN0S SeYett STnaotH SOSPAE SXATMIS 6 an 1 gan

or gaps) methﬂ@bﬁ@o@@fgﬂaeﬁiﬂ‘é@ﬁh&ﬁ overcoat through which one or nore of

t he gaseous ass. Preferably such passage is by diffusion
of one or nor eFlgs M-B&arddagmn@abquss@ﬂonstolﬁacpghom Ioéaover coat

material. Mre eferably, t deco si.tion [ e

sacr1 f Poi SEMIRRTEHELT Stdiobirg, I tnd S VB e of Afther SPedifc eXample of
-7- a method édﬁﬁ?@ihgttéftﬁ‘eﬂwémmh other means may be used. The
deconposi tion enper at ure sho be conpatible with the various

conponent s of tr@EgNh%PLPESCRP%OHsOﬁd?R ERREPEMBRDIMENESi t vy t her eof
de f th I '

o gaps. Typi cHerSHG ngt i BEaTRithe dialings. tne'Fafbisepd Jral Mkl gt o PE

L g{) [el e]ctC ptomlcmmastmturecacodmmgetstwmlamot optt% ivehtign basst t_h?ln ol
err IS C C sitlon tenperature w a

in 10 hd W&%@@%&%@Eﬁ@&ﬂ Bg‘ ﬁﬁ 3? &?Té: g prfiesRedat eri al s

havi ng 1ayé%@§aeﬁﬁé.a|qaa§ewap9m§ %rﬁ%e@&nlé)st%raae%bﬁ?@ gnﬂaltﬁ?my be

benefici a sacrificral material, however ficiently
t her mal | yteshaigue. sTb‘hlSHaaymmnmdlSMefmr examapleaby Gret formipgeclayeedf t o a

T shou athesadiflplrinBrEEoh F shitsrate. 22 Ao MerEd M F 18 @R BREL | pe

| ayers nagafierringEies Riyedforekaniple bytd@cmn?@rsanyaahmqrulwe t@ﬂhnfque dbf ferent

fabricating techni ques For exanple, the ﬁézer 24 in Fig.
conpos¥éd formpthespatteraeddayen %fﬁﬁcngﬁ“ﬁl mateg QB@@DQ@!‘Q‘P@“§&% hlﬂs ci aI | ayer

d
Sner 11 o e By the saqtidl fiial bing Soekira wif VaIRYES ififed Blween, |
an under | ahpdwbaglativelyeadjasemtdhilis. nAesebed\dtsnlqdrlayenmfea nba-sacrlf igiabmaterial of an
i nt di th ,,aht I
bondi ng. 024 g BLIRERkoR iR RefSmattayer i qyeiyifd iRt e pateinad
mat eri al fé%r%féé’déﬁlcﬁéﬂ |ntF-'i9 Qbovﬂ'n&??ffédtbgﬂpphed fﬂaﬁ%dlfn% Sefhley 1S

selected fromthe cycl ool efin class of conpounds and nore preferably is
a bi cyasl osaefifigiahmnaterial mtammeeWemp@eapeowdecmpﬁgltlﬁﬂsnroductSpa@d eneed. By

nor bor neng; (¥AE §halE HebSmPeaionibYGLE Afe BfifVeYY passing through the

second layer 24. This provides an air-gap structure 28 having one or more air

gaps 26 in the closed interior space or spaces previously occupied by the
sacrificial material 20.

25 Generally, an air-gap structure is formed by using two dielectric materials,
a sacrificial material which decomposes to gaseous products and a permanent
material (at least permanent for purposes of forming the interior air gap or gaps)
which forms a cover or overcoat through which one or more of the gaseous
products can pass. Preferably such passage is by diffusion of one or more of

a0 the decomposition products through the overcoat material. More preferably, the
decomposition reaction of the sacrificial material is induced solely by high
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honopol ynmers and copol yners conprising repeating units set forth under 25
Formulae I, Il and I1l below Copolyners useful in practicing the invention -
can i nclude repeating units selected fromthe group conprising and/ or
consi st i ngWéxX98/32169Formul ae |, |l and |11, or conbinations tRBETRISHB/OIPHER

nor bor nene-type pol yner that is particularly useful as the sacrificial
material in the present invention is sold under the Avatrel trademark

by The BFGoodrich Co ny, . Akron, GChio. The 30 r co ses silyl
oubst | t ut cAOMRATANTRFIGRLEY Sthe iBeant BievHs HAed S ThE JamagPostiah: f ort
under For m‘ﬂe‘i“nr#de ﬁ{r@"&hould be corqfaénbfef With the various co pﬁﬁéﬁtsrbﬁhérs?b

y a err] to

R err] 1ndepe y represent rogen; |inear or nch
Cerr]) al ks asmotto Hestray m@mtq:grity\diwenﬂeadejmmﬂn@movaiymfrtbg@apnfc:abar

"y orr) - GRS R i B et o Mitmermte i o tess

hydr ogeng nﬁawabomrsoﬂ"m/ﬂor eféowdl mt@f&rnhbct aéwc& ana}nd:r@qﬁem ¥ le¥s

represent |inear or bra %ﬁerr al ky | i near or "branched
(d gr r | t o Heer439°C. It lﬁpkeseynplat at’ehe mmlqn:teénp?raﬁweog@ga%g al k%/l
car bonyl oxy. ° e err

to (Jerr]) %‘%;ﬁ%?e &Cn%ﬁo?ghgu%{grabfo taygs(?béwwﬁhﬁwﬁévgﬂnunber fromO
to 5. In Fodmdmpbsuﬂbnltmpbratuﬁesﬁs twbas aboah150‘¥€2nm}cbéibeneﬁ¢|a20T hde

isgl ected fr og&rii e%fsréééﬂpgrh%u eVPég{h% %eé{%&]tkg%r% ftsa% forl_t@r}rtﬁnder
sel ect ed,f raé?rﬁahéﬁmaté?ran can bérrﬁfaééﬁéd(@[éaééﬂdm@n Wh%'ré Iis @ié‘d%?&’al% oup and

Rlerr] is hydrogen. Mre preferably, each Rlerr], Rerr d Rerr]
are the sanandiod mechanicallytstabler om et hoxy, et hoxy, propoxy, but oxy,

o0 ™t 8 e iy Bf pyo 5 e i B,
tri et hoxysi |ayersmathé semposed of multiple sub-layers, as may desired for different
fabricating technigues. For example, the layer 24 in Fig. 1C may be composed

15 of a first sub-layer at the same level as the sacrificial layer and a second sub-
layer overlying the first sub-layer and the sacrificial material. Also, the indication
that a layer is applied fo an underlying layer does is not intended to preciude the
presence of an intermediate layer that might be employed, for example, to
enable bonding of one layer to another.

20 The preferred sacrificial material for carrying out the above-described
method preferably is selected from the cycloolefin class of compounds and more
preferably is a bicycloolefin with a norbornene-type polymer being most
preferred. By norbornene-type polymer is meant polycyclic addition
homopolymers and copolymers comprising repeating units set forth under

25  Formulae §, Il and Il below. Copolymers useful in practicing the invention can
include repeating units selected from the group comprising and/or consisting of
Formulae |, Il and i, or combinations thereof. The norbornene-type polymer
that is particularly useful as the sacrificial material in the present invention is sold
under the Avatrel® trademark by The BFGoodrich Company, Akron, Ohio. The

so0 polymer comprises silyl substituted repeating units represented by the structure
set forth under Formula | below.



Wen nis 0, it is evident that the silyl functionality is connected

directly to the polycyclic ring through a silicon-carbon bond wherein
the carb f said silicon-carbon bond is supplie on
atom on the po yégyclic ring (i.e., a ring carbon aton)fjr%gpsﬁ)%}al n
Formula | above, mis preferably O or 1 as represented by structures 1b
and | c, respectively, bel ow

- 9- | b- I c 5
[err] wherein Rerr] to Rlerr] are as previously defined and at

| east one of R2 and R3 nust be 10 a~si ubstituent represented by |a.
Repeating units where mis 0, i.e., r8peating units of structure |b,
are especially preferred. nulfe 1, Ib, and Ic Rerr] and
Rlerr] can taken together with the t ri carbon atons to which they
are attached to represent a saturate l,c group of 4 to 8 carbon
atons. When Rlerr] and Rerr] are takssHog&ther to forma saturated 15
cyclic group, the cyclic group is suystitiused by Rlerr] and R err] at |east
one of which nmust be a silyl gr&‘mzavrgéent ed by la. Generically such
nononers are represented by the follow ng structure: 20

10

15

20

25

30

wherein R' and R* independently represent hydrogen; linear or branched
(C, to C,) alkyl; R*and R® independently represent hydrogen, linear or branched
(C, to C,,) alkyl or the group:

RS

~(CH),-SiR10R!IR 12 Ia

R® independently is hydrogen, methyl, or ethyl; R', R", and R independently
represent linear or branched (C, to C,,) alkyl, linear or branched (C, to C,,)
alkoxy, linear or branched (C, to C,,) alky! carbonyloxy (e.g., acetoxy), and
substituted or unsubstituted (C, to C,,) aryloxy; m is a number from 0 to 4; and n
is a number from 0 to 5. In Formula | at least one of substituents R? and R® must
be selected from the silyl group represented by the formula set forth under la.

Preferably, at least one of R, R", or R"? is selected from a linear or
branched (C, to C,;) alkoxy group and R® is hydrogen. More preferably, each of
R™, R, and R* are the same and are selected from methoxy, ethoxy, propoxy,
butoxy, and pentoxy. Most preferably, n is 0 and R, R'", and R are each
ethoxy groups, e.g., R? and/or R®is most preferably a triethoxysilyl substituent.
When n is 0, it is evident that the silyl functionality is connected directly to the
polycyclic ring through a silicon-carbon bond wherein the carbon atom of said
silicon-carbon bond is supplied by a carbon atom on the polycyclic ring (i.e., a
ring carbon atom).

In Formula 1 above, m is preferably 0 or 1 as represented by structures Ib
and Ic, respectively, below:



[err] 25 wherein Bis a nethylene (i.e., -CHerr]-) group and q is a

nunber from2 to 6. It shoul d be apparent that when the nethyl ene group
represent ed b[)g B contains an R2 or R3 substituent, one of the hydrogen
atons of WRISBEPerr]- group is repl aced by the R2 or RGTASBAIP4Yent .

Representative repeating unit structures 30 are set forth bel ow
- 10- 5 [err]

wherein R err], Rerr], and mare as previously defined. 10

[I'lustrative exanples of nmononers of Forrmula | include 5-triethoxysilyl-
nor borene, 5-trinethylsilyl noHbor nene, 5-trimet Bexysi |yl norbornene,

5- net hyl di met hoxysi | yl nor borrere 5- di net hyl Tre$ y—nor bor nene.

I n anot her enbodi nent of th Sent invention sacrificial polyner
conpri ses hydrocarbyl substi pol ycyclic r ng units selected from
units 15 represented by For bel ow.
[err] s :

wherein R to R* are as previously defined and at least one of R? and R® must be
10 a silyl substituent represented by la. Repeating units where mis 0, i.e.,
repeating units of structure Ib, are especially preferred.
In Formulae 1, Ib, and lc R and R* can taken together with the two ring
carbon atoms to which they are attached to represent a saturated cyclic group of
4 to 8 carbon atoms. When R' and R* are taken together to form a saturated
15 cyclic group, the cyclic group is substituted by R? and R® at least one of which
must be a silyl group represented by la. Generically such monomers are
represented by the following structure:

20

B
R2 R3

25
wherein B is a methylene (i.e., -CH,-) group and q is a number from 2 to 6. It
should be apparent that when the methylene group represented by B contains
an R? or R® substituent, one of the hydrogen atoms of the -CH,- group is
replaced by the R? or R® substituent. Representative repeating unit structures

30 are set forth below:

-10-



wherein R err], Rerr], Rerr], and R err] independently represent

hydr ogen, |inear and branched (CJerr] to (Jerr]) alkyl, hydrocar byl
substituted and unsubstituted (CJerr] to CJerr]) 25 cycloal

hydr ocar bWO 988369 t ut ed and unsubstituted (Cerr] to C[err]fci’H?Pgmm‘w

hydr ocar byl substituted and unsubstituted (Cferr] to Clerr]) aral kyl,
(CJerr] to Jerr]) alkynyl, linear and branched (CJerr] to (Jerr])

al kenyl, or vinyl; any of Rerr] and Rerr] or R err] and R err] can be

t aken together to forma (C[err] to (ferr]) alkylidenyl group, Rlerr]
and Rl err] when taker-w ML T car bon afos—koWwhi ch they are
attached can represe urated and M aturated cy roups
containing 4 to 12 cg i i alnlng6to 17
carbon atons; and p
-11-
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conposed sol ely of car and hygf'ogenNat ons, such
branched and unbranched_Ptslerr] to Clerr]) aI kyl , px jed and
unbranched (Cerr] tRg CJerrR} al kenyl derr] toR@[err])RAryI
Il'lustrative exanpl es of hydrocarbyR2substit Red nononers include 5

2- nor bonene, 5-nmethyl -2-norbornene, 5-hexyl -2-norbornene, 5-cycl ohexyl -2-

nor bomene, 5-cycl ghexe 2- nor borrene 2- nor bor nene,

5- et hyl - 2- % Eﬁ %‘Qc’?la S RNt Eg@){%ﬂrenyl 2- nor bonene,
5-napht fyl - ﬁuétfﬁt%’éb@iﬁ Esqif%n&aéas &f Refgiandnciude SyristhoResiyhe,
di cycl opent adi ene, Kﬂro i cycl opent adi ene, tetracycl ododecene,

met hyl tetr amybbmaul@eéetnmet Sd}dtnoab9mab@0§efﬂmtbﬁé¥s'|y| norbornene,

di met hyl t ety ac d i denyl

tetr acycl odsaEiYaTERERy bRt bEb G FE R ERATER G norbafhehe.’ dery

cyc:c openéI agl gne Ih%brmtheﬁdmﬂrménﬂ ofcthe mg;maﬂhgenﬂdm ttl;ersacs’fcuaApobysrmm ally
referre rocar repeating unit, is derjve om 2-nor bo

IIon anot her Q)gmiéféﬁ rGPaEhYéngﬁféHﬁ%ﬂmyﬁy%IE’chP T‘Slunﬂﬁliﬁ?"e‘i ﬁ?wmu'\'tﬁ 15
carryi ng%oqgar}&eedtgaggtlid}mtﬁgmélaﬁs repeating units represented by Fornmul a
11 el oW )

20 P

Rips p7RE

wherein R®, R%, R’, and R® independently represent hydrogen, linear and
branched (C, to C,,) alkyl, hydrocarbyl substituted and unsubstituted (C; to C,,)
25 cycloalkyl, hydrocarbyl substituted and unsubstituted (C, to C,;) aryl, hydrocarbyl
substituted and unsubstituted (C, to C,;) aralkyl, (C; to C,,) alkynyl, linear and
branched (C, to C,,) alkenyl, or vinyl; any of R® and R® or R” and R® can be taken
together to form a (C, to C,,) alkylidenyl group, R® and R® when taken with the
two ring carbon atoms to which they are attached can represent saturated and
30 unsaturated cyclic groups containing 4 to 12 carbon atoms or an aromatic ring
containing 6 to 17 carbon atoms; and pis 0, 1, 2, 3, or 4. The hydrocarby!
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20 wherein R err] to Rlerr] independently represent a polar
substituent selected fromthe 25 group: -(Aferr]-CCOOR", -(AJferr]-OR",
-(A)ferr]-0(QR', -(Aferr]-0C(QR" , -(A)ferr]- C(O)R, -(A)ferr]-
(O OwRsRA@) [err] -0 A -(O R, (A)[err] OC( O) - APCTYHPORD4?
(A [err]-C(OOA-COOR, -(A)lerr]- C(O) A -

-(Aferr]-C(OOCA - OC(O)CR -(Aferr]- O)OA OA C(OOR',

( » E i; { ]er g](-‘bé(tReP sé% %ﬁfqg%ﬂgym F)L[(tg( qentlmécé osE CH(I o @?%C@on and
i ndependenhka q@w i, siich as, fonetHiblel br&ltHdd Aid EHBFa?{chbaC{bC% c3§' ected
fromdivale dr ocar

Son T a0 cal S,
-12- alkyl, brandhedtlaadturtb]ahthﬁd]((@f tocGih atkenylliara (€, taiGyg) amyt. oxygen

oo o 1s"9n" Pt dBiskragPBiexampii bR hGRtocYY Susshiftd nstbri et het °a
and A rseDQQﬁﬁbbrri?erﬁe @hﬁtm@héfﬁorhéﬁd 5%xyl-2-|1$rb(@‘|néh‘e S%yﬁm that a
free val ence at each term nal the radical are 5 attached to two

di sti nct gnectp;ynemﬁemwlgr@xenwbmmmner athutyr&neeRerpene,  represent ed
by the for ?:Uétﬂgr -5 HHB Grend gr&’eé}l-ﬁeﬁ&%ﬁﬁﬁgrﬁe @El{!%h&ﬁ’]?ﬁc}ﬁigrﬁ@ﬁg Kl n?phth%-o e

in the al kylene charnand Ts an’i nteger orh1 valen
hydr ocar bog-nerbocrrdrse S+ethylidene-2dnoybomiene! enhylrrarbninemeadmntbpbnwmw

(err] to err uch a mathlene opyl ene,
but y1 ene HM%‘RXC’]"%"%@ E@f’aﬁlé%? mi Astmfeoiodieshéng .

ecyl eng, Y&E& &L&%ﬁg o be
under st ood t hat” a r odieer{l ea (l)m!é rﬁm@tr"aé?élﬁa Ié%%%rfb al ﬁeﬁna Eﬂlo ﬁéléeﬁé
repl aced mptnvl@enyhéaﬁrawcmme@a pblpeyltqtraayctqdadepynal ipers of gr oup.
The dival e ar and 1
unsubsti t u?&#&k‘gq'%w?&gé[ é&%éﬁ&a?ghﬁ éﬁ&ﬁ'ﬁ%ﬁ%%ﬁ%&ﬂéﬁr@?&ﬁ@& by the
fornul a: [ ersferred hydrd@arbyl repeating unit is derived from 2-norbornene.

In another embodiment of the invention, a sacrificial polymer useful in
1s  carrying out the invention comprises repeating units represented by Formula lit
below: '

20

q
R? R12
Rl0 R

wherein R? to R"? independently represent a polar substituent selected from the

25 group: -(A),-C(O)OR", -(A),-OR", -(A),-OC(O)R”, -(A),-OC(O)OR",
-(A),-C(O)R”, -(A),- OC(O)C(O)OR", -(A),-O-A’-C(O)OR",
-(A),-OC(0)-A’-C(O)OR", -(A),-C(O)O-A’-C(O)OR", -(A),-C(O)-A'-OR”,
-(A),-C(O)O-A'-OC(O)OR", -(A),-C(O)O-A’-0-A'-C(O)OR",
-(A),-C(O)O-A’-OC(O)C(O)OR", -(A),-C(R"),CH(R"}(C(O)OR"), and

30 -(A)-C(R"),CH(C(O)OR"),. The moieties A and A' independently represent a
divalent bridging or spacer radical selected from divalent hydrocarbon radicals,
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wherein a is an integer from2 to 7 and Rerr] when present represents
| i near and branched (CJerr] to (Jerr]) alkyl groups. Preferred dival ent

cycl oal k i cals i ncl ude cycl opentyl ene and cycl ohexyl ene
noi et i es)arlcggg%égt ed by the follow ng structures: 25 FPCT/US98/01049

[err] 30 wherein R err] is defined above. As illustrated here and
t hroughout this specification, it is to be understood that the bond

i Rl i L Cou . . .

- Ilg-es Pr Oufifhe ch@{ﬁp Hc ua? %éh g%ccii'f: als, S'rarlr%ntaoé(ypgﬂrceo&éﬂlp'Q%reaqﬂ?a)ﬁi 8 nature

of tge goidétqremtmyclig_ettherditamieydlib&iiem:em,sar&; n?@bnhgﬁe:cg_erogém,c?ﬂhéﬁnqg@rr?
onded to adj acen mol ecul ar noj eties defiped in the respective

For mul ae. ADad Be AR EG et A A& refrespnt & siDieicouBlet DoOHE BY no

pr oj ect i n@iivialéne s AfeArtthat a fed Vet bt Bagh teifhiHaPeRd b?ﬁ?écﬁécﬁéauglgt the

bond is optionally connected to any one o car bocyc ms in the
ring. 1%t PHashedte twedlistingtgroupsd Thadivailentdiydrocgrboincradicais canWe ch

sati oty TePERBEMEREE fintlie SCREITIRER: BRBReseniS nd RuRRies cl cBghon
di val ent agerhiin tidalkylenerchiintaheris o intégutesAt RABY Thdidehf r uct ur es:

[err] e dival ent oxygen cont ai ni ngyr adi cal s i ncl ude

15 Th
(Cerr] tBydiqsarbon adicalsareqrgtargbly selegtad fearp dinpar andyanched (¢, too

T the di VAP Enenelip Ben'as Meilienc Renyidel BibvshERiiyne, penf " * °To.
The di wal bexyleneyheptylesne; actyiene, nenyieseamdidogylehe. Whenlbzaiéhed
L2l kot eneqfRybrd i WS Bhfbrfpiated it 515 b3 (aifoct sk fydroodh atem
in the linear alkylene chain is replaced with a linear or branched (C, to C;) alkyl
group.
The divalent cyclic hydrocarbon radicals include substituted and

15 unsubstituted (C, to C,) cycloaliphatic moieties represented by the formula:
/7<1 q
—CH (CH,),

20
wherein a is an integer from 2 to 7 and Rwhen present represents linear and

branched (C, to C,,) alkyl groups. Preferred divalent cycloalkylene radicals
include cyclopentylene and cyclohexylene moieties represented by the following

structures:

30 wherein R%is defined above. As illustrated here and throughout this
specification, it is to be understood that the bond lines projecting from the cyclic

25
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t he oxygen atom can be the sane or different and are selected from

nmet hyl ene, et hyl ene, propyl ene, butyl ene, pentylene, hexyl ene,

heptyl ene, octyl ene, and nonyl ene. The sinpl est dival ent al kyl ene et her
of the swo®m21® t he radical -CH err]-O-CH err]-. PrefBEFES¥IP4Pt her
noi eties include divalent radicals of the 25 fornul a:

-(CH err](CHerr])[err]OJferr]- wherein x is an integer fromO to 5

and y is an integer from2 to 50 with the, rovi sp that .the term nal
oxygen at 6tfustures anglonfermulaegisrresentihe divalent i'"%@P% E’?‘%&t?’iﬂel i nked to

a term nal ' '
i nkage. - MEIGHRTRe G R el hEAiqcyLhy Bdrs 5% Bofded to the BafHosht
- 14- molecular mauietiesrgefined inthenrespegtiven tormifiae.c As iaconventienalintheny of

the t ' t ai ni . ti : d
Rler ] to 5% 8h Hibganas bond tnd profstuid i i Senfl b fite $96i @S dent 1y
represent tiﬁﬁﬁééfé@ﬂtﬁat tHeBévid A eptisrmyhnected {d ay bné of Biecatbocytliy! , so

|l ong as at | east one of the remaining R err {)stituents is 5

t

sel ect ed fatomsdnshetinghdt isalae to b@uﬂsierr'étspé]stbﬁ?@g[ %{fg]?e?él crAatoRLto whish a

b i . bl
0k e rRoiline ek A @amBLBEbAY e hiirogen BER, B ST T
t(():H(qR[e”] ??%&%&ndﬁ%uirementﬁ%m.r]g), -Si(CHerr]), . g
- err err err], -CH rr err err], ngar ,,an
branched (] er riref rreé GE‘(%'%‘?tr‘]VFi'gﬁﬁlﬁ{%é\ '?h@,rs%e;';%?']ﬁéﬁggemm‘iml i c and
pol ycyq(Li GtiddkGies] to (err]) 10 cycloaliphatic noieties, cyclic ethers,

cyclic ketones, and cyclic esters (lactones). By (CJerr] to (Jerr])
al koxyal kyl ene is nmeant that a term nal alkyl group is |inked t hr ough
an et her oxygen atomto.an ahkyl ene I e The radi g s a

hydr ocar bon based et her ret YNt hat ¢ be “generically rgpresented as

-al kyl ene- OG- al kyl wherein jth | kyl enej a | kyl groups\ independently

contain 15 1 to 10 carbon tach of whix¢h’can be™MNg r or branched.
The pol yet her radi cal can bé represented by the fornula:
-(CH[er1£](CH[err])[err]O)[err] R err] 20 wherein x is an integer fromO
to 5 yis an integer from2 to 50 and Rlerr] represents hydr ogen or

| i near and br anthedival¥rtroXygen cintainjng eddigals irdivde(Cetd Ca) R ethersal s

e Poand BURRGS, 5} BRY L B et B et BBENGRp st
cycl obut yl carpifl t6R1t MIthe divalent ether moiety must at least be 2 and can not exceed
10. The divalent alkylene ethers are represented by the formula
20 -alkylene-O-alkylene- wherein each of the alkylene groups that are bonded to
the oxygen atom can be the same or different and are selected from methylene,
ethylene, propylene, butylene, pentylene, hexylene, heptylene, octylene, and
nonylene. The simplest divalent alkylene ether of the series is the radical
-CH,-O-CH,-. Preferred polyether moieties include divalent radicals of the.

25 formula:
—GCHz(CHz)xO)y_'

wherein x is an integer from 0 to 5 and y is an integer from 2 to 50 with the

proviso that the terminal oxygen atom on the polyether spacer moiety can not be
30 directly linked to a terminal oxygen atom on an adjacent group to form a

peroxide linkage. In other words, peroxide linkages (i.e., -O-O-) are not

-14-



cycl ohexyl, dicycl opropyl nethyl (Dcnp) and di met hyl cycl opropyl net hyl
(Dcp), 25 and the |ike. Exanples of cycloaliphatic polycyclic noieties
i ncl ude, o;@grn |, adamantyl, tetrahydrodicycl opentadi enyl

S 6% [err]]

(tricycl decanyl ), and the li ke. ExarrpIPé-'g'WW@WPl c
ethers include tetrahydrofuranyl and tetrahydropyranyl noi eties. An
exanple of a cyclic ketone is a 3- oxocycl ohexanonyl| I noi ety. Ag exarrpl38
of a cycl | ggton lety.. Sfructures
For " opr S e Abted whah p¥feshee Sadferd 181 us b Al ar TRe eninal oxygen

- 15- contajring substituent groups’set forth under R® to R'? above. -0

5 e iy s . e
Copr < (58 LSk g bW IR R R s BRulRhS

present i seleatedoitornoone of thenpolar gnaupprerrebentedabove. sindthe fernglaydBuve
cont ai ni ng.r ando

e ti i t rived from nononer _unit or nononer
units rep é%@ﬂt’%@gﬂ]fr ﬁ@?Pi&JeFefaﬁwd(ﬁeﬁapmwmg gsably ol Rier s cont ai ni ng
random r ejpga enaetmy iépresed@rhybﬁﬁgéhomém*mbréﬁahbdq lﬂa'd,s) ﬁ@ r@i”t ed by
Formul a 11 onopo '_f) mers contal ning eat?
der 1 veq 1ICHGHINORURE) AHEEIOCH,GH, <CHRAOC(CHy), linear and branched (o}

to C,,) alkoxyalkylene, polyethers, monocyclic and polycyclic (C, to C.)

1o cycloaliphatic moieties, cyclic ethers, cyclic ketones, and cyclic esters (lactones).
By (C, to C,,) alkoxyalkylene is meant that a terminal alkyl group is linked
through an ether oxygen atom to an alkylene moiety. The radicalis a
hydrocarbon based ether moiety that can be generically represented as
-alkylene-O-alkyl wherein the alkylene and alkyl groups independently contain

15 1to 10 carbon atoms each of which can be linear or branched. The polyether

radical can be represented by the formula:

~CH,(CH,),0%Rs

20 wherein X is an integer from 0 to 5, y is an integer from 2 to 50 and R? represents
hydrogen or linear and branched (C, to C,;) alkyl. Preferred polyéther radicals
include poly(ethylene oxide) and poly(propylene oxide). Examples of monocyclic
cycloaliphatic monocyclic moieties include cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, dicyclopropyimethy! (Decmp) and dimethylcyclopropylmethyl (Dmcp),

25 and the like. Examples of cycloaliphatic polycyclic moieties include, norbornyl,
adamantyl, tetrahydrodicyclopentédienyl (tricyclo[5.2.1.0 2°] decanyl), and the
like. Examples of cyclic ethers include tetrahydrofuranyl and tetrahydropyranyl
moieties. An example of a cyclic ketone is a 3-oxocyclohexanonyl moiety. An
example of a cyclic ester or lactone is a mevalonic lactonyl moiety. Structures

30 for representative cyclic groups set forth above inciude:
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25 represented by Formula 111 and copol yners conprising a conbi nati on of
repeating units represented by Formulae | and |1, Formulae | and II1,
Formul ae |1 and I'll or Forrmulae I, Il and II1. Preferred
sacrifi VP8V ners according to the present invention nEFT/USISBWAL aj n
fromabout 0.1 to 100 nol e percent of silyl functional polycyclic 30
repeating units, preferably fromabout 1 to 50 nole percent, nore

preferably fromabout 3 to 25 nole percent, and nost preferably from

about 5 to 20 nole - 16-

percent, with the ai nder of the pol < ecppl y conprisiRg repeating

units descri f der ForI and? o} 'a 111, cr ally

preferred poly conpri epeat i ng pol yneri zed oth nor bonene
I ; [ /

and triethox 0
nor bor nene/ t ri etffoxysi | yi nor bopene. Preferred sacrificia

pol ynmegs accordi ng to present Rmventi on areRaddition Rpol yner s
conprising polycyclic repeating units that are connected to one anot her
via 2,3-linkages that are forngd across_thegdoubl e bond contained in

t he nor bor nene® |ety pr epol rized polycyclic nmononer. 10
[err] 2, 3-enchai nmrent 15
The pol yners may\be olynerr om appr ely functional i zed

nor bonmene-type nononers in the presence of srngle or nmulti-conmponent
Goup VIII transition netal catal yst system as described in International

Pat enty;  whédinh RPah itiee aBove Fermiuias aie FouPSrepreSerfizchyirs9ed or ah
Corrparrgl, publ i shed on June 12, 199 vv%’r c@hﬁsrgsélphereby |)?(forporat ed

her ei n byhne@rférréwreecheﬂ {0 ths)@\kylrgéwp The Dcpm andrBangposybiiituents mset ype
pol ymer |,§ é"f(érttﬁ Spécﬁ\e%? ’f:ﬂl' “gecause it has a high (>350 [err] O
en et mal” st a 1|

and suffici y to acconmodat e a nunber of commonl y
enpl oyed and ot her sem conduct or manufacturing steps such as pl asma
enhanced chem cal vapor deposition (PECVD) of SiJerr] and | ow 25

t enper ature copper anneal i ng,\@&d has a dec osition tenperature close to
its T[grr], thereby limting venent which i ght damage t he sem conduct or
devi ce. It is beli<Wdd,tandt the p€(GE494 00l efinic polyners
utilized in practicing this

The sacrificial polymers useful in practicing the present invention
20 preferably encompass homopolymers and copolymers containing random
repeating units derived from a monomer unit or monomer units represented by
Formula 1, or homopolymers or copolymers containing random repeating units
derived from monomer unit or units represented by Formula Il, homopolymers or
copolymers containing repeating units derived from a monomer unit(s)
25  represented by Formula lll and copolymers comprising a combination of
repeating units represented by Formulae | and I, Formulae 1 and Hll, Formulae Il
and il or Formulae |, Il and Ml
Preferred sacrificial polymers according to the present invention may
contain from about 0.1 to 100 mole percent of silyl functional polycyclic
30 repeating units, preferably from about 1 to 50 mole percent, more preferably
from about 3 to 25 mole percent, and most preferably from ébout 5 to 20 mole
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i nvention are uniquely suited as sacrificial materials in sem conductor
devi ce 30 manufacturing because the material thernmally deconposes close to
its T[err] ot her words, the pol yner renmains nmechani cpé,{.

until the ‘ﬁggg%ggl tion MS&O%%
tenperature is reached enabling the polymer to endure the rather harsh
processing steps (e.g., repeafed heat cycles) during sem conduct or

TRt 8L erd e BT S S el g rlic

mechani cal desdribed underfrormulad amﬂonﬁosmula)m tAmespatiaily preferredqiatymer

It has been found that I ncor ratl n oolefinig repeating units
t hat cont ai $PTRRHREHE 9‘%?3% r r?()r}/o&% p%'?fgant pol ar ( For nul a
L11) SL{H&EH&)&QN!EO#HH&M?\ asﬁfdlé bbﬁd:éﬁt rafib Yrep/agrckbone the

deconposi tion enperatures of the silyl substituted polycycl ool efinic
pol yrer carﬂbeOMBQﬁ/UlﬂﬂﬂfPWVlnpfbm%d The deconposition tenperature of

nor bor nanc <11 et pigerRRRORSahBRRTES HEskrdhe to presentiavgntion e adsition

| ower ed by ggipmexs seimprigingDpslycydlicrepeatingainite thatareocdraettad to oner epeat i ng
units in the copolyner with reﬁeatl n'%kunl ts contai al ngl IF:)Q;?dant | i near
and/ or brarﬁﬂ@ﬂe(w r?'}"ﬁkégéfé ) grefioxmedansess thr.Apyble nde‘k%ﬁfﬁl"@ Phe

thermal 15 &l

but yl nor borren ri et 9 IeﬁﬁP@tf%ﬁ%ﬁ%poﬁy@@ﬂ%%&%‘ gﬂ% ﬁid{ﬂ o) of 95/5 is
| onered o 405[err]C V\é expect that the decorrp05|t|on tenperature of the
copol ynmer can be | owered even further (up t gproxt mately 100[err] C) by
repl aci ng the norbornene repeaunl ts int gbl ymer with repeating
units 20 containing the pol ars&uBsdituert-9 d d under Formula I1I1.

Honopol yners of nor bor nyl & at e and nor et hyl carbonate have

t her mal deconposition t enper atbur es of 2’»36%)@;}@)0 and 329[err]C,
respectively. The polar groups include B Sonat e, and acetate
substituents and the |like. To effect |ower deconposi tion tenperatures

of the sklyl subFhetpalyrrdersanayeespolyheerizedy/imem diprepdatety fumatienalizBeout 50

or pol ar 1 URPeERENEBYPe FepPBHsinIt tie Piessna A SiakPEMUIL-COmPLBAN or c
preferably é?oﬁ;?\/ﬁ?trﬁﬁéﬁi%ﬂtmefﬁl 'chial?&réi‘/s%rﬁfé%r @é’édﬁb’é@ lh%%'?nﬂﬁﬁr?al Patent

percent, even nore pre erab y per cent

af or esai d sépplltiat@ndPUlﬁma}l@BrNOcWQ sz/zmaamp Tbe BRSyeodrich faompany.
CooorPos!t RplsFEREST U 124 48BR oMbl Biebept iBTafue Mele ] e
deconposht i g entirdyict s
The polynorbornene-type polymer is particularly beneficial because it has
a high (>350°C) and sufficient thermal stability to accommodate a number of
commonly employed and other semiconductor manufacturing steps such as
plasma enhanced chemical vapor deposition (PECVD) of SiO, and low
25 temperature copper annealing, and has a decomposition temperature close to
| its T,, thereby limiting movement which might damage the semiconductor
device.
It is believed that the polycycloolefinic polymers utilized in practicing this
invention are uniquely suited as sacrificial materials in semiconductor device
30 manufacturing because the material thermally decomposes close to its T,. In
other words, the polymer remains mechanically stable until the decomposition
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- 18- whi ch can di ffuse through various materials used to form
sem conduct or devi ces I ncluding air gaps. The materials include polyner-
dielectrics such as silicon di oxide, silicon nitride, silicon

oxyni t ri d¥O283#3ol yi i des, for exanple, Ain-Gba Gei FET(USIH1049
Probi m de[err] 293 and 412, Anpbco U tradel 7501 and DuPont 5 Pyralin 2545.°
Particularly useful polyners are those that are phot osensitive, as wll

et hods. | HIBErtbEls b8y shiblia 57 bplyBiertd stidudh 156 rather Rarth
forgoi ng pesdeEbingsiepsie. gveréfsa@te&ﬁebpciaé@ duringsétnidondacier’ | ety of

el ectrical devices and particularly in Telationto electrical interconnects

in 10 i nt SAHTagtuEe, Jhet@s%‘tﬁ'ﬁ@%mltﬂ thetprinriart pelyrege is thet theit T,'gaps may

e, Ul el bR et BN ol B SRR 0

i nsul atsor befaore theelesompasition tenyperaturess geachiedd.| y | ess than about 2, nore
preferably Iesztrtha preferably | ess than about

abaqut 5,.still .hore
1.25 and rost prafe 3 %%thatPVdncqmwmpolyqulﬁ@leéawar@pﬁam; unitpe
faster thehstleitain ctors
and the | ower thel ﬁ%ﬁgmbrmﬁ?@nﬁmé@& Béﬁd’éﬁt ﬁ&ﬁ%Fogg@\%ﬂH

i ndi cat ed subgtitugnts idaithe wrfmlmlmeebwmmemmsim e because

[ t i due. Ho
Dot e niSTPBUraERC ot k! aify lnHRAEH ddiydutiefiis Rolinel SPET " (o Wi qrerr)
if Ti dos s@nﬁcw\tlyﬂowbm The Jecompodaftion-tefipetatire 28 poPhere RS hi ﬁ?y be
left to |58Mte t he ni@gl ectrical conductors or control corrosio Act ual

tests hav mele, psrent @ narbornepe/triethoxysilyiprrhonene (approsimatelyer i al  ar e
deconposegdgzp°C) can be IovJé?eERgsaé)ﬁduc atefy <ol 'i'@;ﬂa F;rlﬂg r}%gbc@rguﬁg‘ﬁng an aifr

gap or region bet ween t regl o S ‘or e emen as net al
l'i nes, i srmatmga@imésmemgamno}ymetwﬁh rrapeahng oniks gmtamm@pénaﬁwt lime2@t t er ned

| ayer of f e 30 refer t he af aid

pol ynorbo?ﬁémé' l#gbgﬂ‘%% hg’?&‘; ?ﬁﬂ) HB%‘HHﬁné ar_b%[y Ieg %Q!'mﬁ"ne substrate
32 mayishadecomipositioh t@hi;@dtﬂré fot & coﬁblyrﬁerfﬂb‘ﬁtélﬁm an unpatterned

mat eri al . The substrate may be a base [ayer or ayer of mat eri al

over | yi ng mpormltr@emymrbmganaﬂm ﬂgnbbynercent Gitig ofr39/5ihat nay 30
Chcel 1o ERIBS S0P I SR ol (iR Py
for exanpkepolymer can be lowered even further (up to approximately 100°Gfby
replacing the norbornene repeating units in the copolymer with repeating units
20  containing the polar substituents described under Formula lll. Homopolymers of
norbornyl acetate and norborny} ethyl carbonate have thermal decomposition
temperatures of 356°C and 329°C, respectively. The polar groups include
ester, carbonate, and acetate substituents and the like. To effect lower
decomposition temperatures of the silyl substituted polymers, the polymer
25 should contain about 50 mole percent of polycyclic repeating units having
pendant hydrocarbyl or polar functionality, preferably greater than 50 mole
percent, more preferably 51 to 99 percent, still more preferably 55 to 95 mole
percent, even more preferably 65 to 80 mole percent.
The aforesaid sacrificial polymers can be heated to above their
30 decomposition temperature, typically in the range of about 380°C to about
450°C, to cause the polymers to decompose into their decomposition products
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contain transistors, diodes, and other sem conductor elenments (as are well
known in the art). As depicted in Fig. 2A, a uniformlayer of
the sacrif}gi 1 terial 30 is deposited on the substr atgridsoshigsd MY
be done in any suitable manner, for 5 exanple, by spin coating, Spraying,
meni scus, extrusion or other coating met hods, by pressing or laying a
dry filmlamnate onto the substrate, etc. In Fig. 2B, the |layer

of sacrifi Gl Bhedifal hgrgeaht\@wa%é rﬁQte?Oa?éj eed Cw?orm seﬂﬁéé&ﬁ%dé‘%ﬁs of

t he sacr|f|C|gP materi a attern h correspon
desired patmeludlng‘axogaper Trtmmabenalgmdudepbymerrmtectmcs suchsasislicoduct or

10 d table .t h t

sacri 11 cf aidionte SlicH nirias, Sfeth gy HiE At Ao AES B b hahang,
etc. The SaGéigfy'(O@G) Probaﬁﬁ&@@'z‘% arnuhe Amdcd URMdEIBL750 and DuPdit made
phot osensitive'to facil pat ernln In Fig. 2C a

| ayer ofs cdigalin®2548t Bart&aulafh/ U%ﬁﬂt p@lumrs pradhese thal are Ph@éllﬁ%lsﬂtél@, over

Sui ool e 1t eI EREEare Ak ok Fhe FRfing cesbriptish B Biher ety o, Y °"

vapor deposnetms(nwatxnywaMecabpeemftuepmaentmn (PVD), electroplating,
el ectrol ess pl at he netal layer 34 is

pl anari zed as neth%@@'%?’%hlﬁ‘i%mmé"%%ec %8?#%“5 OIMcRIL gARS in Borariepeppl e,
chemi cal - Eéﬂ?ﬁcﬁﬁ{ieﬂeé %BH"}%&&B@N y i f'el%n to eledtﬁcéﬁﬁt‘érc%ﬁﬁec@ﬁ)

above-descri nor orn mer, and polynmers as
well, a1b ayategjated d::rczmts and)athier eleetren@chiqageapﬂ heealrg@psrmay; befused o

e e PhateiBEs b i e ot o s o ot iphaifand ™ °

sacrificial Inﬂ‘abl%fnaﬁl'ar%getﬁé‘htk he previde a lwadielettrid sulstorwitndielkicericect ri ¢
36 is deposited as solid Ia&er and covers the sacrificial |ayer 30

and at | eas@oﬂﬁ’ﬂ%“tﬁ(ﬂﬁﬂera“y less thaa 52, mofadreieraiydes thamaheuts] & sl ri
| ayer may @H‘gtﬂ I l{ﬂ%ﬁ about 1985 %Eh%oéteﬁ?é‘féjabg a*&'@t ‘Fac i{é o

mat eri al . heprmanen tric layer, for eS| |con
di oxi de s pdhei camltancemnerfasterdhe electfrd:ml gignatwaarive traﬁsmnwdathroughlthger

(i cal |y caidiistomeart e Biterdfie sibestilteaivess) SoglEIPs” ool vent)  chen cal
- 20- As above indicated, the aforesaid polynorbornene polymers are desirable

because generally they leave little or essentially no residue. However, some
residue may be desirable. For example, a thin film of SiO, (or TiO, if Ti is used

20 in place of Si in the functionalized norbornene) may be left to insulate the
electrical conductors or control corrosion. Actual tests have shown about 100 A
of residue when 5 um of material are decomposed.

In Figs. 2A-2F, a preferred method of forming an air gep or region

between two conductive regions or elements, such as metal lines, is

25 diagrammatically illustrated. In Figs. 2A and 2B, a patterned layer of sacrificial
material 30, preferably the aforesaid polynorbornene-type polymer, is formed on |
a substrate 32. The substrate 32 may have patterns already on it, .or it may be
an unpatterned material. The substrate may be a base layer or a layer of
material overlying a base layer such as an insuiating layer of SiO, that may

30 overlie the devices on an integrated circuit chip (not shown). By way of specific
example, the substrate may be a semiconductor wafer which may, for example,
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vapor deposition, plasma enhanced chem cal vapor deposition, sol-gel
process, or other nethod. As seen in Fig. 2E, the netal |ayer can be
conveniently forned with a height |ess than the height | acent
sacrificve@98AR162i al . As will be appreci ated, this m?%&’&%ﬁ‘{‘wn air
gaps that extend above the tops of the netal 5 |eads, as is desirable to
reduce capacitive coupling. Also, the substrate could have trenches

formed therein in a _pattern corre nding.to th ttern of the

sacrifi ci fiontaindrangistosy, diedss, ar%’s %@ﬁﬁ?g}ﬂ@'ﬁ@?‘ypﬁgnﬁﬁtﬁ ?a&?'?n‘ﬁe%el ow t he
met al ani P4y on lands on the substrate between the trenches.
The sacrificiral material 30 is renoved through the permanent dielectric 10

| ayer 36 to forfsdepicied inyEigs 226 aasniferonlayen ofthg sagrificial enateriah30 isof t he

sacrificial materjal,.preferahl \.J c IS Y . Ltion
and paé"s%ﬂi%tegfo'b %‘t’bﬁ%’ﬁﬁ)@%‘ ST@@ Cfﬁ%@ b ﬁﬂg)g\%t 'Boar?v;%@i% gﬁﬁ'ﬁggﬁé t he
per mnegt examgiesbg&pin eohtng 'sprdyiny, Aidnistuspextrésionlorothemebatiaged, t he
fecomposi tmeths, b RBRPBOAT [FHBa ABTATATHRAtSr B SHESIERY FS: and

| ower, with ess j A ' Li \ ' @;@)ﬂi,’ f the
resul tant sem C@%@é?@'tlglﬂadgtrl??gﬁﬁ@ﬁamhﬁ?égéigﬁggggﬁgﬁt I on egr oduct s
are di f f uspditternetdriayehofithe\satirifitiat material 30, e pattatrsoliwbichl cargsponds toe

The rato. oheHRSiRSHRRePaNsPLSES St io e cufectinthB B ifieor
through,t hge\neémfgf%ﬁbg% géél'{riidhé"'i:éh beGgeed toEBétférl:ﬁ itiee Idypepio? ahtificiall ses

froma pressur J wthin the air gap. This pressure build up
shoul d not materal, including.dor gxanpleiaseablatingraiphingcale. sthe paericial ¢ he

er manent di tri ] ; | '
BT Fusi on Setaigiiay beof a fyPEEaF Ror Map HeApHbE dotosdiEfiento tofitae ||
normal |y iﬁété@ﬂ:ﬁ@g.Wi tg tenpera]t ure. I I Pr ef era_tl)_lhy, ht he sacrificial
material is deconposed at a relatiye sl ow r ) . eati.ng rate
preferably is b@%n%&r?%lﬁ)‘ﬂyeﬁPSCPBX‘E[@}Q&WF%'H?%& @,artw}aé'ﬁ/ meééyr'ﬁg erably
bet ween,_wh : ' HB L i
S e st S AN 14 T ROR] il 0, s e done
resi dual gby amiytsuitable technigueingiuding Hor examplesiImetat spiitering; shemicaly

Taa 0 "apoPubpod BOF (RUR) e hpor depostion (FYP). sleciioeisting.

di fferent gprstictesplatingaétct or . exanple) or a vacuumin the air gaps.
For exanple, the sem conduct or structur e,rra&/ be sa:b(jj%ct ed to \6 cuum
conditions to etd Figt2Rtheastallayerf4is planarized as needed by any suitable

20 technique including, for example, chemical-mechanical polishing (CMP). If CMP
is used with the above-described polynorbornene-type polymer, and other
polymers as well, a layer of silicon dioxide preferably is applied to the surface of
the sacrificial layer to provide an etch stop.

In Fig. 2E, a permanent dielectric 36 is deposited over the patterned layer

25 of sacrificial material 30 with the metal inlay 34. The permanent dielectric 36 is
deposited as a solid layer and covers the sacrificial layer 30 and at least the tops
of the metal leads 34. The permanent dielectric layer may be planarized before
or after removal of the sacrificial material. The permanent dielectric layer, for
example, may be silicon dioxide, polyimide or other material. The permanent

a0 dielectric layer may be deposited by spin coating, spray coating or meniscus
coating (typically using the sacrificial material dissolved in a solvent), chemical
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fromthe air gaps by diffusion or other passage through the overcoat |ayer
24 or 5 otherwi se, after which the sem conductor structure may be coated by

a suitable sealing material blocking any further passage of gases

t hrough YR 0at | ayer. Before the seniconductor sg'ﬁfé‘{%g@lq“g
sealed, it may be subjected to a controll ed gas atnosphere, such as one
cont ai ni ng a noble gas, to fill the air gaps with such gas. 10

i1l b d, f h f d h
e conduBPr SEPTRtaNLPIBBa STNANGRAER BTal BABOLARRRS Rl SHBRProsess,
| Nt er conneeigieér mBtHAE ASEeeA A itd. PE Ch'i‘ll'é'r{‘iétal layer o1 cap be EBW@nl?hﬂ% d&?néd‘ the

art will also appreciate that ot her techni ques
renmove t havittea helghtiless thandhedigight ofitbegidjacant s@@ﬂﬁclabmatend/ dks W4l bect at ed

coul d " 2pereciBist Wi H e i brbhtariend HRoRE Wi tone Pt i wetner al 1 y
air or soneads, asdstmsnrabmerredoamapawvatomﬁnhgrNs@rthermusﬂ*awcamdoxygen
pl asma or ozone In connectjon therewt ermanent | ayer may

conpri se, hayet dormged thergin !%%PB§§EU°9@'¢§@%H' ingtta the pattemepthesi ty

enablin The
oxygeln ?m\%ggﬁ roufahéﬁ% ggéggég@t%wﬁgm é)?gﬁ??acﬁﬁ %ﬁﬁ%@it wth

t he photodendslocated:onmds mm the sabstratetbetwepadhedrenchesut t hrough t he
silica-based xerogel . .. . . n Figs. - 3F nmet hod of formng an air
gap or region gféﬁ?\%%?f'f% mafe"éb%@ﬂﬁ:E%’ﬁ%V?i@lfeHQh3'?9e#&n&nﬁs wr'gs net al

| i nes, yACtFeH 3B0td Pry Bk iy ammatical ly
i1l ust;at g@i In Fig r- 3A anga}53 ,QS%hd?ﬁg;:ﬁtlrgngFeiﬁ%&g?%gg%ﬂﬂ%t ive

mat eri al %crlﬁ@amﬁer@lmﬂ&mly@ppmmp eﬁbmlaermal dedognpasitieniand a

i or {2l B3sPgY Bt OneldkinSH0 Rl focbincich R Hiorghahe sBrEanent nay

may oﬂwlécimctlbpercmbyeﬁffus’lomnAlertﬁmeahditated tHetpréfdried not shown) . By
way of specific, 30 exanB t he s pstrate nmay be a sem caonductor wafer
whi ch may POM}OTQQM e polymer wi Iundergo thermal decomposition at -22-

known in t cted In er of the
conduct i veeaduer’nme &5t inthe air gammef thedresuitahtbsemicondactor sthicturesd0.be done

[ i 4, abl 5 tt h |
topoar t | ofER e TlBeasiin Brod B afe ilisBla brotell eBnY Malsehis o of nor
net hods. nfaterigls @sbful ferminyehe permanefPaidIsGHY Ray@nt lﬁbltﬂméﬁ\ partieaidrer ned

to produce a . pattern of the conductive
polyimides.

contai gy t &ﬁm pAtFes oﬁm@'ssderadfda(yad@%ose%ﬁgpg»aéymgéggﬁ\gajwiyafe wel |

20 The rate of decomposition should be slow enough so that diffusion
through the permanent dielectric will occur. Diffusion typically arises from a
pressure buildup within the air gap. This pressure build up should not be so
great as to exceed the mechanical strength of the permanent dielectric.
Increased temperature will generally aid diffusion as diffusivity of gas though the

25 permanent dielectric will normally increase with temperature.

Preferably, the sacrificial material is decomposed at a relatively slow rate.
The heating rate preferably is between about 0.5 to 10°C/minute, more
preferably between when 1 to 5°C/minute and most preferably about 2 to
3°C/minute.

30 As will be appreciated, the air gaps may contain residual gas although
generally the residual gas will eventually exchange with air. However, steps may
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material corresponding to the desired pattern of one or nore electrical
conductors, e.g. netal lines, leads, regions, etc., to be forned in the 10
sem conduct or device. Any suitable technique can be used to pattern the

| ayer wepsazhagiuct i ve material, including, for exanple, |B(S&WSI/OLIUPI ng,

etching, etc. In Fig. 3C, a layer of sacrificial material 54,
preferably the aforesaid pol ynor bor nene-type pol yner, is deposited over
the patterned | ayer of conductive materi al 50 This may be done by any

sui tabl e t'@%FﬁﬁQﬁh@ pieYEDtiSwch exchange, of disnese a diffe rsaaeaﬁéa noblesgas for
meni scus, g@g% a¥a 'in gsslﬁapgpsé tﬁ:&%ﬁ%’ae he Qérrﬁ&@n'aac% ! ay' ng a

dryfllmlamn onto t
excess sacsﬁﬁduramaMqubjlecta:btd \yaauym icondiipnsdd extract anymesidualtgnss 50 is

d f ded, b
b et otniRe i bhes Bl is or ohdh AR agkhrodth e B¥ersndl iayar a8 e .
20 5 |Bth'é'nmse?’Eﬂeﬂmm%ﬂhﬁéfdr'sﬂu%ﬁjrb&nd?b@%dééd oy sﬁutm:lﬁe

patterned conductive | ayer with the sacrificial material inlay
per nanent $ealingcmaterial Hlocking apw§urttl@%r passRgePl grsas tbroughithenoesrsoatie

sacrifici ?aplk?‘y BEf&Qqhétsehﬁ@éﬁ%%%tBr %fl?ﬁcztu?é ig %eaIEH Sit W?é)gbe s%ﬁﬁe%é@ B& 9 . in

conductiv : e mahner “descri

respect of cdamteollaetgmiaﬁﬁospbheret sachedsiomeFcardainig amobld gasaty filf thel il
material is renp hr ough t he permanent dielectric layer to formthe
air gaps 592 %%Wé%cﬁM? 9% g. 3F. Again, the removal of the sacrificial

et er o or f of QIS ASYEEHNGE TRANGY pidtBeRhl stops P BRARAARAUN the

passage of one or nore ecorrp05|t|on ro ucts
per manent aemiczmductorlﬁmursm(wouexample)to chsm adwtaenaldayemfed the 30

preferred undergo thermal deconposition at
t enper at urg\gé%ﬁ%%g{ﬂf@ ﬂ{eysfoegﬂgjghﬁﬂg{%\#g&l‘ C, and lower, with essentially
no Those skilled in the art will also appreciate thaBother techniques may §§i due
being left in the air gaps in the resultant sem conductor structure 60.

Al'so, the aBRipyaskioremoys K saaiigal materiak atheughlesmdesisahle andiasct ri ¢
mat er a{sz r Hﬁfétgg(ﬂfﬁh%]&gg% '6@ z%ﬂﬁi‘ é?ﬁlrl'ﬁﬁ Ell Lﬁ'ih% Cat‘l’@ﬁ%ﬂcﬁﬁ@i&! pia@gﬂlélf&o“ | n

part I CU as a ve In nrques may
al so be enbewplubtﬁres;stthabvml déeorsposé in oxyagem(aarenom generaily air orrsoméher

hni bed aboy F AA- 4H,
SC T ot r el VBt Ring atmasntier, O ichidifk, AR pYBsh HRyma oF ogape)

(tunnel s) imcérmndbtiohethefdwith,td)pehanéent’ia er maymaruwé)%ﬂéﬁanbbéo% pol yrrer
This exenplary specific met hod i nvol ved t he Steps of

Fig. 4A aslrabasegaeragelivith pi 1ROV mpeioSity er@mgg@a@gagmﬁ@m azsygen lnibove
I ndi cat5d EBAY% PIRRthS PHotssRE. GRY Sy/dentnbdes Brouldh e i@ sscy Metal

xerogel to reach and react with the photoresist to convert it to a gas that passes
out through the silica-based xerogel.
In Figs. 3A-3F, a method of forming an air gap or region between two
conductive regions or elements, such as metal lines, according to another
25 aspect of the invention, is diagrammatically illustrated. In Figs. 3A and 3B, a
patterned layer of conductive material 50, such as aluminum, copper, gold, etc.,
is formed on a substrate 52. Again, the substrate may be a base layer or a layer
of material overlying a base layer such as an insulating layer of SiO, that may
overlie the devices on an integrated circuit chip (not shown). By way of specific
30 example, the substrate may be a semiconductor wafer which may, for example,
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material s). 2. In Fig. 4B, a sacrificial material 72, Avatrel

pol ynor bor nene-type polymer, is spin coated onto the wafer. Spin
coating invol ves rotating the wafer, 15 for exanple at 1000 _t 0]
r ot atlons% Mt e, and di spensing a sol ution of t he ch‘mzlsgg’om”

pol ynor bor nene-type pol ymer and an appropriate solvent in which the
pol ynor bor nene-type pol yner is dissolved. The solvent nmay be nesityl ene,

al t hough ot her .suitable s Jvents be used such a n or other

nydr ocar boROSEIR HANSTe, ipbRaafnd BneteetiisenAtier BleBRER AR ! he 20
sacrifici akngwh)¥nthe aRGVEA can be enpl oyed as a suitable solvent. The spin
coating produces a uniform_thin filmon the wafer having a thickness of

0.2 to 6 ni &soignieted iniiigh3A, asnifermilayen efdberqonductiye matesiakdQés t he
sanpl e. ﬁ@égéa ed.on ﬁ@sﬁﬁ? rafH ‘ﬁl?ib %y bE'r{JH% froAthy's ﬁ@g%%ﬁ%ﬁqrdes' red

for a give pp e3P coating i s app er is
baked i3 asxanpie,by mertalaipmeung d:ﬂ@rhmai V&pbpdéposition{E€VID)eplatingent . The

ol ynor bor nene-type pol r is.then bgked ag 200 .t err]Cin
Pt boen f rarBruiahy siectoless piatingh o adirdnpinods. nFig. 3BGNE YRl &f " ac, a

| ayer of plg f RGN con
di oxi de 74 |58§%p03| tgﬁﬂ%n th g{li&rrgg@gégf@ﬁé %gﬁuﬁg} 8ornene- l%dVb ype

pol ymer 72materigl careesponding taithe desiredspattein of onpesosmaore aeledtrioal and 30
ni trous oxide,

ool B GBfductors. &g, metal inesy leads. fRgions &g 4305 OMBeHR P61 spin
coati ngy sebmideriduttocd®dissd Aryasitadie tbohniudean béru*sé@ﬂbeg%ttmﬂQheSé?é}dar d

conditions follow ng manufacturers specifications In Fig.
4E, the saRprenductivematenal; Beludingdar em%tlaﬁr@blatl@m@tshmﬁtﬁ esist 76

is transferred tl,q‘:t,#esé'éPéyggrcgs%éhﬁ’&a7l4ia?é/rlefl'5r4mg>ré’@iz’mg@h%en e?@ﬁed by

cont ai ni ng pl asma he™p or nene- ype
usi ng an opp{;emﬂbd:mne@palmﬂymer [ilsldepgsitdsdeopeoﬂmspattemedrjammfes| st i s

A T T
mask. The Waﬁnﬂ@"’sbﬁﬁc&&@ |sgré¥#1$ %éﬁﬁscﬂ@ gﬂ%ﬁ@ﬁ W'&héﬂé&m{%y mer 72

as shown in Fig. i con dioxid
(al t hough @metapdpebyramngi pElaying asiry ﬁlm talonte the gubstratecelc.i s

oL o0t o IAFIRSS ARY bty QA SRRyl Bl ™2, |,
di oxi de on condustors Goeiscvémdvedraﬂmmnﬁemmyﬁnds fotdnamzed abaetded, by
8,013?/28{ P,OL %%&f%}aq‘éﬁfe Eq;:hnlqure Inciug r%.tfgf' %gclar\ﬁp?en,cél&?’u rgécetﬂlel lrc])naetgrenrng?gt%m
20 In Fig. 3E, a permanent dielectric 56 is deposited over the patterned
conductive layer with the sacrificial material inlay. The permanent dielectric is
deposited as a solid layer and covers the sacrificial layer.and at least the tops of
the metal leads of the conductive layer.
Then, like 'in the manner described above in respect of the method
25 illustrated in Figs. 2A-2F, the sacrificial material is removed through the
permanent dielectric layer to form the air gaps 58 as shown in Fig. 3F. Again,
the removal of the sacrificial material preferably is accomplished by thermal
decomposition and passage of one or more of the decomposition products
through the permanent dielectric layer 56 by diffusion. As above indicated, the
30 preferred polynorbornene-type polymer will undergo thermal decomposition at
temperatures on the order of about 400°C, and lower, with essentially no
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7. In Fig. 4H, the sanple is heated to a tenperatures greater than the
deconposition tenperature of the pol ynorbornene-type polynmer 72. The
sacrificial nmaterial deconposes and one or nore of the gaseous
deconposwOP8M18® products diffuse out through the overcoatPORATSIBIOH497S.

8. The result is an oxide conposite 80 including air gaps 82
conpl etely surrounded by dielectric material 78. Referring now
to Figs. 5A-5H there is illustrated a specific exanple of a met hod of

form ng desidyapeinglefilathemirgaps indbegeshiiael semidongductarnsirusturedn. 25

devi ce_OTnGURE Sl ELECIEA LARBLAK PSS sy BRI T S

exenpl ary In Fig.

5A, a cl enateripis mséfetinsfofmmrtheqfeemé@fbntsneleetdc layer including3n partkdulﬂ g. 5B,
a 1000[ er ro!!wch om Ia er fol I&we ZOOOA}‘ 0 IS puttered onto
t he waf e aa aboyeiipdica ﬂi‘ﬁﬁt& H'qu%é?aﬁﬂs%% e@@'@)ﬂ%@terl ng

mgy use qh rr@ﬁxbvé‘!ﬁé %Ebrlﬁc%i) méféﬂatl eédd?ﬂas the other t?chmque? described above.
pol ynor bor nendiefyzrrmgaoowﬁerﬂg& 4&-4kb;the@d:s tllustsatdd mspemﬂeéxampl&gofsal i con

method | QR G RGriIcbaps (fndR it R TidgBihg Hemrefeldd 1o sampl o i s
simlar tpblymﬁbém’éweewpép‘al ef whnsté)cerﬁpw bpdcnrblm%batnﬁdolved khgs. 4A-H,

except that” a Cr/Au | ayer 92 | i es under the pol ynor bor nene-type pol yner
94. stepsofilg.  |n Fig. 5H gold is plated until its height is the same

the. h ht of 92
corvel ne an dhect (NEAR A LRI BONERES LHRENRALFTD id frspd IEhoUdH 5™
bet ween tdbovedgdicatedomapylother substrates tould/pe upedymeludm cdramic or metal

el ectropl at] n% nmay be done in a conventional, pH+7.2 pot assi um gol d
cyani de BBR¥N&S)ng a phosphate buffer. 10. In Fig. 51, the gold

| ayer 100 and gacr il I rﬁﬂ{
di oxi de 102, j%St aﬁs1 P|:i§r’1aJlB glégag?é?ﬁg@%g?d vlaarg@yaf Birigni ﬁ'g . 4A-H
15 polymer, s Epi casted o Haempiader. sSpisaaaatingdnvelves sotatingitbe wafer,

2 Rodht TREBREPIEEL Ry I Ao 0 coRleh? P AEuR. Akl faBab=R8Tadlifet 5"

Al t er nat itHe wlyn@borm\eawparp@ﬁymayaud ean/appmpaawwveﬁt nowhichghéhe met al
pattern so thagBr I S. not shorted.to etg First, electroless plating of

metal nmayPOYTBRMENS-tyRe Qﬂiﬂ@ﬁ 5fligsoivgdofT hasalventsnay ke mesityledeal pat t ern

may be figiffough other suitable solvents may be used such as decalin or other

hydrocarbon solvent. When pendant polar substituents are present on the

20 sacrificial polymer, PGMEA can be employed as a suitable solvent. The spin
coating produces a uniform, thin film on the wafer having a thickness of 0.2 to 6
micrometers, with a uniformity less than x 5% across the sample. However,
thicker or thinner films could be applied as desired for a given application. After
the coating is applied, the wafer is baked in an oven in air at about 100°C to

25 remove the solvent. The polynorbornene-type polymer is then baked at 200 to
300°C in nitrogen for one hour to remove the solvent.

3. In Fig. 4C, a layer of plasma enhanced chemical vapor deposited

(PECVD) silicon dioxide 74 is deposited on the surface of the polynorbornene-
type polymer 72 using standard conditions. Suitable gases are silane and

30 nitrous oxide.
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formed on the silicon wafer (plated to its full height), and then the
sacrificial mat eri al nay be deposited. The sacrificial material
covering the netal pattern then may be renoved before the permanent

di el ect W@ 9242 posited, as by chemi cal mechani cal pol FSHPPR§01849 ot her
techni ques. 25 Ref erence herein is nmade to passage of the

deconposi tion products of the sacrificial layer through the pernmanent

| ayer. This broadly i inte . j nner,
et uding thodgn- nin E0- gD B NBsist 75 1R URBBRAEA RERS S el By ER" 0L

| at er be cohfingdsoft bakadrexpdsedpyeieioped amithen lsand saked uhgerdstahdardn

t hrough a solird permanent | ayer t hough the invention has been

: R | . 30 . Al
shown anG%@E‘_@F‘F_ﬁ@'@P‘W"_ﬂH"‘?BB ref’g.sgemficaggp@ai n preferred enbodi ment or
enbodi ments, g 1S |glpiyoMs ﬂ\'&aéac{ﬁﬁg! J}é?’bﬁ@ﬁve ion etched. The pattern ip the

- 26- alterations an fications will occur to others skilled
i n the aphotgresist @6 is-transtafred)taithe silicen dioxidi ¥4 byf firsh usingp8uetinat i on and

th dd | . ti,cul . | [

per f or megoByAInRY Aigse: de PEBarSnhe sl ponlint 27 i e dnetils o

devi ces, \@Hyas idxkygaaMustifie)plasha. IMinry thel prodesd) the photefesistisaise a
"means") used to describe such integers are intended, to correspond,

unl ess oteiched.sAftenthe pelyaorasngne-type pelymemis@iched inthaexprsed aregseci 1 i ed
function_o | | b S vl il Ctri CToE/ ent),
even tho {kuéﬁc}fe g@%ﬁﬁ %ﬁ%ﬁ%ﬁ%ﬁf’&é g‘rﬂ]{cotn oé]ta%lgbjpégl?'oggg%rb%cet ure“\%%i ch)
per f 0i¢1s only patterrfedsolynorbomene-tyrs polymen 12 ais shewneindrigl 4Fy enbodi nent or

erbod Nt S Ole il i X6 Bughn s Jo oy atfer pSaRRASH AbigkRRt Ur e
oo BRETRIEEGA bo upSOd kR s s ptemamalRotaTIeRes L one
advant agqmigmep72arfhegprosessis similgrdpithatiused ipBtapcaabone tasieposit the
silicon dioxide on the surface of the polynorbornene-type polymer. The
15 polynorbornene-type polymer is now totally encapsulated in a permanent
dielectric material 78.
7. In Fig. 4H, the sample is heated to a temperatures greater than the
decomposition temperature of the polynorbornene-type polymer 72. The
sacrificial material decomposes and one or more of the gaseous decomposition
20 products diffuse out through the overcoat material 78.
8. The result is an oxide composite 80 including air gaps 82
completely surrounded by dielectric material 78.
Referring now to Figs. 5A-5H, there is illustrated a specific example of a
method of forming air gaps between metal lines of an electrical interconnect
25 device or layer using the preferred polynorbornene-type polymer. This
exemplary specific method involved the steps of:
1. In Fig. 5A, a clean, polished silicon wafer 90 is used.
2. In Fig. 5B, a 1000A chromium layer followed by 2000A of gold is
sputtered onto the wafer 90 to form a composite chromium/gold layer 92. The
30 sputtering may use direct current (DC) sputtering.

25



-27- VWhat is clainmed is: 1. A net hod of

formng an air gap wthin a sem conductor structure conprising the

st eps of: using a sacrificial material to occupy a cl osed
interior WQPHIE6I n a 5 sem conductor structure; PCT/US98/01942iSi ng
the sacrificial material to deconpose into one or nore gaseous
deconposi tion products; and renovi ng at | east one of the
one or nore gaseous deconposition products by passage through at |east

one solid | ayer3-€éontindtigssSEF, mayenhotpolynotmroenartype palymer 94 is applied

wherein t 1 K] .Cd ' r . gap
At the ol SOdPRRTRRIAT oo ARARERE A MhotbRdS 98 paipetingd ahobe in
sacri Li gi Bteps 3-’?@“}1& aleticodj) hu'stliatedainrﬁgbm,ﬁ%e-t%/pe pol yner. id 15 | 2.
A nethod as set_forth in ¢lajm1, erei.n the at | east one soli ayer
is a dielectri @‘_ma_t e’FiélQ- %ﬂ:fr t?mﬁ?ma &R St"mlaéfo ﬁ\%&ﬂmﬂ a’o&%@%ﬂ'@ or nore
gaseous, d@fé’l’ﬁ%ﬁﬁgﬁét%eﬂriﬁ .%A@ﬂ[‘ef?ééﬁtthﬁt didAAS 18eroyifés EQHQI‘ ons not
detrinmental to the sem conductor structure. 3. met hod as set

forth in qdynorbpriene-type palgmer S¥east one solid | ayer is a porous
dielectric mategi al

gaseous deconpdsi ti Olhr}ﬁgggﬂcgﬁfdggﬁﬁ%ggg}r}t#ﬁg%ﬁéﬂﬁ? Xée %Hﬁ'}eg nseH% Bé@h%F ©
Sit retgtch : iegherpbwd@bow@ttyperydil;tmeﬂs4.nqhed@r/Aunayér8@2 senidicas anigieutfal or
contact and base for the plating of gold between the regions of polynorbornene-

10 type polymer 84. The electroplating may be done in a conventional, pH+7.2
potassium gold cyanide bath using a phosphate buffer.

10. InFig. 51, the gold layer 100 and sacrificial layer 94 are coated
with PECVD silicon dioxide 102, just as in Step 7 of the method illustrated in
Figs. 4A-H.

15 11. In Fig. 5J, the sample is heated to decompose the
polynorbornene-type polymer 94 and form one or more air gaps 104 befween
adjacent metal lines 100 in the resultant semiconductor structure 106.

Alternative air-gap structures may use various ways of forming the metal
pattern so that it is not shorted together. First, electroless plating of metal may

20 replace the electroplating of metal. Second, the metal pattern may be first
formed on the silicon wafer (plated to its full height), and then the sacrificial
material may be deposited. The sacrificial material covering the metal pattern
then may be removed before the permanent dielectric is deposited, as by
chemical mechanical polishing, or other techniques.

25 Reference herein is made to passage of the decomposition products of
the sacrificial layer through the permanent layer. This broadly is intended to
encompass passage in any manner, including though holes or passages in the
permanent layer that may later be closed. However, the preferred mechanism is
by diffusion through a solid permanent layer.

30 Although the invention has been shown and described with respect to a
certain preferred embodiment or embodiments, it is obvious that equivalent
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4. A nmethod as set forth in claim1, wherein said norbornene-type
pol ymer conprises repeat units of the general fornula: 25

[err] - 28° peT/US98/01049
wherein ‘F@(Pé’ﬁsfmgnd Rl err] independently represent hydrogen ((:)r ?near or
branched (derr] to (Jerr]) alkyl; Rerr] and R err] independently
represent hydrogen, |inear or branched (derr] to (Jerr]) alkyl or the

: . . . ' I I
ooyl ralterationg and Mddifications Vil dRUEREBHIGHS ke iRXAE M dooR TG - OF
blr ?HC hEdlréEBI‘hgrdnd gnﬂémtar)dmg lojkhlslspleeeﬁcauon lammxleahr(éi{beﬂ dl]aWsngﬁl[ énr]) 10
br anched Ratiowiar regarafaing yatbys finsianspertaringd, Bt tns BhBUS HeSaHbRBS 1 1 ut o
(derr] tiohd %‘ﬁ‘k gdcgnﬁéa(%ﬂéi’a?éémﬁhés dev #MBhﬁdé&iﬂr% 'ehc §; th%rtéfrﬂs' S a

nunber fro east one o substituents err] and R err]
i s sel gct(atlidingia tefereincglto@ 'tupansp usedrio sigssribe issich mterg@r&ara uﬁendedr th
under la. 15

| east ondodiorigseenf, uﬁieéﬁﬂphg'g{"gg%é}%%?r d %y E@F@S?M‘ “JFH éﬁ{fﬁﬂﬁ% ﬁlé%r

br anched dddcfidd funetich of the dabérbed bt ed tﬁhtfsrﬂmcﬂonally éqdwaM)

A nethod as set forth in cIa|m5 erein each of err], and

R[ err ] even thaugh netmirushirally gquiMalentdg the &lﬁql@ﬁ%ﬁvucf@m whjch ppsem
but 6,
herern {8 BRTEIEG horeinglusirpted omplbrEpllofibnd 6 shibodirichuete T o

8. 16 nmtehmlemrﬁ eln addition; whité ai parficutahéeature &f ther inventiGh enay hase a

triet hoxygtlatlar%/ described above with respect to only one of several illustrated
embodiments, such feature may be combined with one or more other features of
the other embodiments, as may be desired and advantageous for any given or
particular application.

15
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substituent. 25 9. A nethod as set forth in claiml1, wherein in

Formula | above, mis preferably O or 1 as represented by structures
I b and Ic, re8§3pect ivel y:

-29- WO 98/32169 | b PCT/US98/01049 5
[err] wherein Rlerr] to Rlerr] are as previously defined and at

| east one of Rerr] and R err] is a silyl 10 substituent represented by | a.

10. A nethod aﬁw?qe*t. forth in claiml, wherein Rlerr] and R err] taken
ds ElRImER g

t oget her W t A% carbon atons to which they are attached

conprise a repeal uniaimethddf of fOPmiry hAYiINgap Withird 4's@micordductbPfStriicture
comprising the steps of:
using a sacrificial material to occupy a closed interior volume in a
5 semiconductor structure;
causing the sacrificial material to decompose into one or more
gaseous decomposition products; and
removing at least one of the one or more gaseous decomposition
products by passage through at least one solid layer contiguous to the interior
10 volume; and
wherein the decomposition of the sacrificial material leaves an air
gap at the closed interior volume previously occupied thereby, and the sacrificial
material comprises a norbornene-type polymer.
2. A method as set forth in claim 1, wherein the at least one solid
15 layer is a dielectric material through which the at least one of the one or more
gaseous decomposition products can pass by diffusion under conditions not
detrimental to the semiconductor structure.
3. A method as set forth in claim 1, wherein the at least one solid
layer is a porous dielectric material through which the at least one of the one or
20 more gaseous decomposition products can pass through pores in the porous
dielectric material under conditions not detrimental to the semiconductor
structure.
4. A method as set forth in claim 1, wherein said norbornene-type
polymer comprises repeat units of the general formula:

25

* R'R2 g3 R*
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wherein B is a nethylene group, q is a nunber from2 to 6, and R err] and
Rl err] are as defi ned above. 11. A nethod as set forth in

claim1l, L Nnesai d norbornene-type 25 pol yner further c
hydr ocar by %éégié?l tuted pol ycyclic repeating units sel eEE %ilgééasr?om units
represented by Formula Il bel ow

- 30- [err] V\/nerein Rerr], Rerr], R[err] and R err]
i ndepende r
ey Ty Ao ] e B ARy rep e, Firomp PORINSSb{brrheiz”)

cycl oal ky((;1 0,050 altytnR? antbB? indépemndently reprasent hydeagerGllioeal orbrﬁﬁehed)
aryl, hyd bstituted and unsubstituted (Cferr] to (Jerr])

ar al kyI, E@B%[‘gm&gw 8[&%9ﬁ°uﬂsr near and branched (C3 to C20) al kenyl,
or vinyl; any of Rlerr] and Rlerr] or Rerr] and R err] can be taken
together to forma ((err] to Ch@rr]) al kyl i denyl group, Rerr] and R err]
when t&ken with the - two ring carbon atons to which they are attached
can represent saturated and 15 Unsaturated cyclic groups containing 4 to 12

carbon atons or an aromatic ri-(gH),-SiR\SR{®!Ai ng Gato 17 carbon atons; and p
is 0, 1, 2, 3, ord4.

R® independently is hydrogen, methyl, or ethyl; R*, R", and R'? independently
represent linear or branched (C, to C,,) alkyl, linear or branched (C, to C,,)

10 alkoxy, linear or branched (C, to C,,) alky! carbonyloxy, linear or branched (C, to
C,,) alky! peroxy, and substituted or unsubstituted (C; to C,,) aryloxy; mis a
number from O to 4; and n is a number from 0 to 5; and at least one of
substituents R? and R®is selected from the silyl group represented by the
formula set forth under la.

15 5. A method as set forth in claim 4, wherein at least one of R™, R, or
R is selected from a linear or branched (C, to C,,) alkoxy group and R® is
hydrogen. .

6. A method as set forth in claim 5, wherein each of R, R"!, and R"
are the same and are selected from methoxy, ethoxy, propoxy, butoxy, and

20 pentoxy.

7. A method as set forth in claim 6, wherein n is 0 and R*®, R", and
R'? are each ethoxy groups.

8. A method as set forth in claim 7, wherein R? or R?is a triethoxysilyl
substituent.

25 9. A method as set forth in claim 1, wherein in Formula | above, m is

preferably 0 or 1 as represented by structures Ib and lIc, respectively:

N 20-

1] Illl/l m// lllll ll III/



12. A method as set forth in claim1, wherein said norbornene-type

pol ymer conprises hydrocarbyl substituted polycyclic repeating units

sel ected fromunits represented by Formula Il bel ow 20 w{err]

wherei n WQRI err], Rerr], and R err] independent!|y rBpFUS/1049

hydr ogen, |inear and branched (C, to C20) al kyl, hydrocar byl

substituted and unsubstituted (Cerr] to (Jerr]) cycl oal kyl

hydr ocar byl substituted and unsubstituted (Cl[err] to CJerr]) aryl,

hydr ocar byl 30 substituted anfl unsubsti tut ed (C[Cﬁ:rr] to CJerr]) aral kyl,

(err] to Jerr]) al kynyl, | hear and branctred (C3 to C20) al kenyl, or

vinyl; any of R err] and R or Rl err] and ®ferq] can be taken
&0 err]) al kylidenyl

- 31- t oget he g forma (( errf
group, R err] and R err] vvhken with the ‘ﬂ ring carbon atons to

which they are attached can/fegresent saturat e unsaturated cyclic
groupsscontaining 4 to 12goa han, REons or an W’ cring containing 6
to 17 carbon atons; and p 1s™0.™1, 2, 3, or 4. )b 13. A nethod as set

forth in claiml, wherein said nor borrene-typg{e‘ pohyprer conpri ses
repeating units represented by Forrnula |11 | R#v: R3 %{err] 10

wherein R! to R* are as previously defined and at least one of R? and R® is a silyl

10 substituent represented by la.
10. A method as set forth in claim 1, wherein R' and R* taken together
with the fwo ring carbon atoms to which they are attached comprise a repeat unit

of the following structure:

15

20 R2 R3

wherein B is a methylene group, q is a number from 2 to 6, and R? and R® are as
defined above.
11. A method as set forth in claim 1, wherein said norbornene-type
25 polymer further comprises hydrocarbyl substituted polycyclic repeating units
selected from units represented by Formula 1l below:

30
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wherein Rerr] to Rlerr] independently represent a polar substituent
selected fromthe i5 group: -(Aferr]-CCOOCR', -(Aferr]- CR

-(A)[err] (A)ferr]-0(OQ R, -(A[err]-QOR
-(A)[err]w%%g}g?q (A [err]- oA - (O OR', PCTIUS98I01049
-(A[err]-0(0-A-(OOKR-, -(Aferr]-C(QOA -¢OCR,
-(Aferr]-(Q-A-OR, -(Aferr]-(9 06 A -0C(QCR,
-(Aferr]-(QOCGA-CGA-(QOR, -(A)ferr]-(OCGA-0(Q O OR, -
(Aferr]-C(R)[err]CHR')(C(OOCR"'), and 20

-(A)Jerr]-C(R)[err] CHHC(O OR") [errfs—tkemoieties A and A independently
represent a di val ent bri dgi ng or er radical selected fromdival ent
hydr ocar bon radi cal s, di val ent ‘Tlal' hydr ocar bon radi cal s, dival ent

aTva ént Byclic ethers and cyclic
14. A nethod as set forth
!ppolyner conpri ses copol yners

oxygen containing radicals, and
diethers; and n is an integer 0 or %
in claiam 1, wherein said norbonene-

conprising a conbination of repeati#Q uN represented by Fornul ae |
and Il, Fornmulae | and III, ForrruI&?Rd@nHIII or Fornulae I, 11 and
[11, where Forrrulal I 'S:

-32- 5 6 F{ 8 wherein R err] and Rl err] independently
repr esent Wﬁﬁfﬁtﬁb@n %- b ﬁé@rR dndependently represgndhydregercllieeat andl kyI
Rlerr] an e Qr, r n d 10
(Gerr] 1 g: %er r f'gﬁ&z %déf%réiﬁﬁb&%&eagﬁ% urhdubtutdl & ?o

10 cycloalkyl, hydrocarbyl substituted and unsubstituted (C, to C,;) aryl, hydrocarbyl
substituted and unsubstituted (C, to C,;) aralkyl, (C, to C,,) alkynyl, linear and
branched (C, to C,,) alkenyl, or vinyl; any of R®* and R® or R” and R® can be taken
together to form a (C, to C,,) alkylidenyl group, R® and R® when taken with the
two ring carbon atoms to which they are attached can represent saturated and

15 unsaturated cyclic groups containing 4 to 12 carbon atoms or an aromatic ring
containing 6 to 17 carbon atoms; and pis 0, 1, 2, 3, or 4.

12. A method as set forth in claim 1, wherein said norbornene-type
polymer comprises hydrocarbyl substituted polycyclic repeating units selected
from units represented by Formula 1l below:

20

P
25

RS b R7 RS

wherein R®, R®, R7, and R® independently represent hydrogen, linear and
branched (C, to C,) alkyl, hydrocarbyl substituted and unsubstituted (C; to C,,)
cycloalkyl, hydrocarbyl substituted and unsubstituted (C, to C,,) aryl, hydrocarbyl
30 substituted and unsubstituted (C, to C,;) aralkyl, (C, to C,,) alkynyl, linear and
branched (C, to C,;) alkenyl, or vinyl; any of R® and R® or R” and R® can be taken

-31-
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RO [err] 15 Rlerr] independently is hydrogen, nmethyl, or ethyl; Rerr],

R err], and R[err] | ndependent |y represent linear or branched ((err]
to C[err] @ | i near or branched (CJerr] to (Jerr]) al koxy, |inear
or branch 89? 18 r] to (Jerr]) alkyl carbonyloxy, and subsPF¥US®EMP1649

unsubstituted (Cerr] to (Jerr]) aryloxy; mis a nunber fromO to 4; and n
IS a nunber from0O to 5; and at | east one of substituents R err] and

FLerr] |5 55b 6 PN € Moo B8 Y SR RESihaR a2 5

forth unde 'err err],
Rlerr], Riworring carboR[atom to rvdecletrcéymdeyattamredm refpyeartaturaté® ahgand

branched err r.oc substrtuted and
unsubst i t B{WW%‘ @l’@ F‘?‘%aﬁﬂn 33%1 [RjeMs ey aroseatia fingit ed and
unsubstit %ﬂgb"(, & {d 1-} ‘éagd?fé sa a\ﬁlhl? Fyéirp r3b}5y. substituted and

unsubsti t ut ed err err erf] to (Jerr]) al kynyl
| i near sand metho as set forth in clarm1 wherein saidBBerbornene-
br anched or vi err an R[err] or
Rlerr] %gﬁﬁé% ﬁ:&r@gﬁl{%@ﬁgg@hé%ﬁts T8 g‘%q P\S%ﬁT‘HIaaﬂt@(IB k] to (err])
al kyIidenyI group, Rerr] and R err] V\/nen taken with the two ring
carbon atons to which they are attached can represent saturated and
unsaturated cyclic groups containin 0 12 carbon atonms or an aronatic
ring 5 containing 6 to 17 carbon - and pis 0, 1, 2, 3, or 4; and
Formula 111 is I
10
| lq
9 RI2
RI0 R1!

wherein R® to R* independently represent a polar substituent selected from the

15 group: -(A),-C(O)OR", -(A),-OR”, -(A),-OC(O)R”, -(A),-OC(O)OR",
-(A),-C(O)R”, -(A),- OC(O)C(O)OR”, -(A),-O-A’-C(O)OR",
-(A),-OC(O)-A’-C(O)OR", -(A),-C(0)O-A’-C(O)OR", -(A),-C(O)-A’-OR”,
-(A),-C(0)O-A'-0OC(O)OR", -(A),-C(0)O-A’-0-A'-C(O)OR”,
-(A),-C(0)O-A’-OC(O)C(O)OR", -(A),-C(R"),CH(R*)(C(O)OR"), and

20 ~(A),-C(R"),CH(C(O)OR"),; the moieties A and A’ independently represent a
divalent bridging or spacer radical selected from divalent hydrocarbon radicals
divalent cyclic hydrocarbon radicals, divalent oxygen containing radicals, and
divalent cyclic ethers and cyclic diethers; and n is an integer 0 or 1.

14. A rnethod as set forth in claim 1, wherein said norbornene-type
25  polymer comprises copolymers comprising a combination of repeating units
represented by Formulae | and ll, Formulae | and lil, Formulae I and 1}l or
Formulae I, I and lll, where

Formula l is:
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[err] 10 wherein Rerr] to Rlerr] independently represent a
pol ar substituent selected fromthe group: -(Aferr]-C(OOCR",
Alerr Alerr OR', Alerr]- O OR', 15
U or RS (A (6] G G GO O . (A lerr] - O A - TEFEEIIS
-(Aferr]-0(Q-A-(OQ R, -(Alerr]-C(QOA-CQOR,
-(A)ferr]-(O-A-OR, -( Alerr]-(OOA -0C(O CR"-,
(Aferr]-(QOOA-OA - , -(Aferr]-C(OCGA-0(O O OR,
-(AJferr]- C(R')[err]CH(R') C(OOR’"), and
C( .
nt

-(A)Jerr]-C(R")[err] CH OR")[ert Re—noi eties A and A independently
represent a 20 dival e ridging ycer radical selected fromdival ent
hydr ocar bon radi cal s, di val e iC drocarbon radicals, divalent

oxygen contai ni ng radicals, and al ent cyclic ethers and cyclic
diethers; and n is an integer 0 or 2 15. A nethod as set
forth isn claim 1, wherein the repeatdegttiifts containing silyl
functional groups conprise at | east ercent of the 25 pol yner.

16. A nethod as set forth in clai rR‘Jﬁz RnhB ein the repeating units

cont ai ning silyl functl onal groups conprise at least 5 nole percent of the
pol ymer . 4 A nethod as set forth in clalmlb, in the
sacrifi ci athereineR! andiR$ independsnilyi represant hydragan eplingan sy rgpqzh ure by:
-34-

2 3
REPL ACEIVEI(H“ g?—lEE"? alkyl; R*and R® independently rePresent hydrolé;etnt (lalpﬁgaor %rfgrchgfl t he
sacri figei 4C, mt}g@aikylmthegcdngisate corresponding to a pattern of one
or nore gaps to be fornmed in the sem conductor structure; and
form ng another |ayer of material overlying the patterned |ayer of 5
sacrificial material. R"18. A nethod as set forth in claim1,

wherein the sacrificial mteri all is
-(CH),-SiRI°R!IR12 Ia

15 R® independently is hydrogen, methyl, or ethyl; R, R", and R'? independently
represent linear or branched (C, to C,,) alkyl, linear or branched (C, to C,,)
alkoxy, linear or branched (C, to C,,) alkyl carbonyloxy, and substituted or
unsubstituted (C, to C,,) aryloxy; m is a number from 0 to 4; and n is a number
from O to 5: and at least one of substituents R? and R®is selected from the sily!

20 group represented by the formula set forth under la;

Formula ll is

25 P
R°Rs pR7R®

wherein R®, R®, R7, and R® independently represent hydrogen, linear and

branched (C, to C,,) alkyl, hydrocarby! substituted and unsubstituted (C, to C,,)
30 cycloalkyl, hydrocarbyl substituted and unsubstituted (C, to C,;) aryl, hydrocarbyl

substituted and unsubstituted (C, to C,;) aralkyl, (C, to C,) alkynyl, linear and

-33-
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provided in the sem conductor structure by: formng a

patterned | ayer of sacrificial material on a substrate correspondi ng to-
a pattern of one or nore gaps to be fornmed in the 10 sem conduct or

st ruct ur eO 98/32169 depositing a second nmateri al BETUNES/QIO#St r at e
W thin regions bordered by the sacrificial material;

form ng anot her |ayer of material overlying the patterned |ayer of
sacrificial material and second material i

h i b db h
S ! Branchem Gy by By or vinylany of REARS I 4 oand BY eanibe ke 18,
sacri (€s ° _ | _ :
e \BasiRR3 Rorfi afiho C.o) AIRAIKAGFGHSRIDN R® ApBaRfibh YadIPivith e 25 1 De

form ng ortwomingroabam atogwpte which teeyrateattacher can represent saturated and
conprisin

-th f: s f ' ft d J.ay. f
sacrifici ns,i\gr%&e}ecgfzygw ouRB SPptaiRing 4 ta.12 Pgwﬁf’ﬁﬁ&aﬁr&%?ﬁg %rSf Oone
or noreg gadb?\téiﬂir{beg k@M 7eshrbon Bfsms; and B11é 09AAPCE Mr Fidract ure; 25

depositing a second naterial on the substrate w thin regions bor der ed
by the sacrifi draimulatlis al ; form ng an overcoat |ayer
of material overlying the patterned of sacrificial material and
second material in the regions bord by t he sacrificial material;
30 - 35-

causing the sacrificial material td grecqnposdIinto one or nore gaseous

deconposi tion products; and
one or ,yore gaseous deconposi tion
overcoat |ayer so that one or or &%

renoving at | east one of the
yict s by passage through the

RI0 Rl

wherein R® to R'2 independently represent a polar substituent selected from the
group: -(A),-C(O)OR", -(A),-OR", -(A),-OC(O)R”, -(A),-OC(O)OR",

15 -(A),-C(O)R”, -(A),- OC(O)C(O)OR", -(A),-O-A’-C(O)OR",
-(A),-OC(0)-A’-C(O)OR", -(A),-C(O)O-A’-C(O)OR", ~(A),-C(O)-A’-OR",
-(A),-C(O)O-A’-OC(O)OR", -(A),~C(O)O-A’-O-A'-C(O)OR",
-(A),-C(0)O-A'-OC(0)C(O)OR", -(A),-C(R"),CH(R")}(C(O)OR"), and
-(A),~C(R"),CH(C(O)OR"),; the moieties A and A’ independently represent a

20 divalent bridging or spacer radical selected from divalent hydrocarbon radicals,
divalent cyclic hydrocarbon radicals, divalent oxygen containing radicals, and
divalent cyclic ethers and cyclic diethers; and n is an integer 0 or 1.

15. A method as set forth in claim 1, wherein the repeating units
containing silyl functional groups comprise at least 1 mole percent of the

25 polymer.

16. A method as set forth in claim 15, wherein the repeating units
containing silyl functional groups comprise at least 5 mole percent of the
polymer.

17. A method as set forth in claim 1, wherein the sacrificial material is

30 provided in the semiconductor structure by:

-34.
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5 formed within the seni conductor structure. 21. A nethod as

set forth in claim?20 ,wherein said depositing of the second nmateri al
i ncl udes ' conductive material to form conductive | egdsusosn164d
opposi tev%t?bcfe;éshg% portions of the sacrificial material. 22. A

met hod as set forth in claim21 wherein prior to said formng of 10 the
overcoat |ayer, the conductive material is formed with a height | ess than

t he hei ght of t nﬁﬁ'q;' Cﬁ&g Navdrd L&l i . A
net hod as set forthﬂlﬁ'n C gi m leE%éér“;eélrn fgg?gg gg@‘%’?’f”ﬂ‘é‘?‘*&la' r?gtae??%?trgé is a
cyclic ol edrresponding to a pattera4f ong arenoredgaps toebe farmed imthel ai m 23 wherein

said cyclic olefin ista g\f dicyclic ol efin. 25 . A nethod as
set forths?'ﬂ'ca"&#'ﬂﬁﬂ}éﬁ & A"Sai d sacrificial material is a

nor bonene-type pol ymﬁnin? another layer of Aterial 6véiaAg dse pattefrid AykbPof! ai m 25
, Wwherein sai d norbonene-type pol ymer conprises repeat units of the

gener ab feAGHficial material. ~ 25 [err]
branched o) {87c, A Meliod &F SBFRAfHY dalbPH Fhefin BiE SAGHR maldhlls
r epr esent piovittexitnthel semigonductor strabtle by: (Clerr] to (err]) alkyl or the
gRgOUpS: 30 forming a patterned layer of sacrificial material on a suBgt?éte
corresponding to a pattern of one or more gaps to be formed in the
10 semiconductor structure;
depositing a second material on the substrate within regions
bordered by the sacrificial material;
forming another layer of material overlying the patterned layer of
sacrificial material and second material in the regions bordered by the sacrificial
15 material.

19. A method as set forth in claim 18, wherein the depositing step
includes using a conductive material as the second material to form conductive
leads.

20. A semiconductor device produced in accordance with the method

20 of claim 1.
21. A method of forming one or more air gaps in a semiconductor
structure coinprising the steps of:
forming a patterned layer of sacrificial material on a substrate
corresponding to a pattern of one or more gaps to be formed in the
25 semiconductor structure;
depositing a second material on the substrate within regions
bordered by the sacrificial material;
forming an overcoat layer of material overlying the patterned layer
of sacrificial material and second material in the regions bordered by the
so sacrificial material;
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[err] 5 HRerr] independently is hydrogen, nethyl, or ethyl; Rerr],
Rlerr], and R err] independently represent linear or branched ((err]

to CJerr]) alkyl, linear or branched (Clerr] to (Jerr]) al kox | i near
or branch&PW%é?’r] to Clerr]) alkyl carbonyl oxy, and substIT%"tj%’ﬁ%W9

unsubstituted (Cerr] to (Jerr]) aryloxy; mis a nunber fromO to 4; and n
IS a nunber from0O to 5; and at | east one of substituents R err] and

Forth under 1o - Al 8'saringp fistealtE HpRHHcRE g R ob B, 2, o
i n For nul a gasabgy decoimpdsition prodhictsahd O or 1 as represented by structures

| b and lIc, respectively: . | b .
lc 15 removing at/gast one of the one or more gaseous decompgsition 20

I b s A e e
28. A ned hdormaed withirf thetdemicontactor 88ushigeci n Rlerr] and Rlerr] taken .
Logether w1\ ! it 35 330 5P P gy, ek GoBbLiSg s ™" =°
-37- second material includes using a conductive material to form conductive leads
on opposite sides of portions of the sacrificial material.
23. A method as set forth in claim 22, wherein prior to said forming of
10 the overcoat layer, the conductive material is formed with a height less than the
height of the adjacent sacrificial material.
24. A method as set forth in claim 21, wherein said sacrificial material
is a cyclic olefin.
25. A method as set forth in claim 24, wherein said cyclic olefin is a

15 dicyclic olefin.

(4]

26. A method as set forth in claim 21, wherein said sacrificial material
is a norbornene-type polymer.

27. A method as set forth in claim 26, wherein said norbornene-type
polymer comprises repeat units of the general formula:

20

m
25 R! R2 R3 R4

wherein R! and R* independently represent hydrogen or linear or branched
(C, to C,,) alkyl; R*and R? independently represent hydrogen, linear or branched
(C, to C,;) alkyt or the groups:

30 e e amm mmem e T T T e e e e e Sn
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5 wherein Bis a nethylene group, q is a nunber from2 to 6, and Rl err] and
Rlerr] are as defi ned ,o&e.\/l‘.(‘ 29. A nmethod as set forth in

cl ai m 26, wherein said norb type pol ymer further c
hydr ocar BWW%@% ituted pol )g:yfl.uc fn{eﬁeatl ng units sel 9@?@5&?@8‘}% units

represented by Fornula I ow. 10 15
[err] wherein R err], Rerr], Rerr], and R err] independently
represent hydrogen, |inear and br anched (derr] to Jerr]) alkyl,

hydr ocar byl substituted and unsubstituted (Clerr] to (Jerr])
cycl oal kyl, hydrocarbyl substitffed and unsubstituted (Cerr] to (Jerr])
aryl, hydrocarbyl 20 substituteg and unsubstituted (Cerr] to (Jerr])

aral kyl, (Cerr] to (Jerr]) al t«dm iR1RAgi2 and 1, branched (C[err] to
Cerr]) alkenyl, or vinyl; any o "R’ferr]]52 and R[err] or Rerr] and R err]
can be taken together to forma (Clerr] to (Jerr]) al kylidenyl group,
RLerr] 5anR9%d$]p%nmw i$ hydmga?rt, methyl, or ethylvR'"r RMY amlrmt?mmleapeade?ﬂymi ch
they are attached, can r ese uns ed cyclic
groups cofRRIEReRY uzgqr(pr ?ﬁ)i‘ég}t"oéa GE‘VER'“QF‘B%P ﬁ%@ﬁ c@n} aining 6
to 17 car Bgas@gt ﬁ’ﬁ@ar &'B*aﬂchédgC Eérb‘bnyloxy, and subsﬂt@t@d orA met hod
of formng an“alr stru nprirsing t steps of:

usi ng a smsub‘&htuted torCal andomdnpsyaamnb@efmmrﬁ to 4bandm isreenumbene 30

SRHDEZE:ER/ERTP"%QE‘EP; and at least one of substituents R? and R3is selected fromIRe silyl

10 group represented by the formula set forth under la.
28. A method as set forth in claim 27, wherein in Formula | above, m is
preferably 0 or 1 as represented by structures Ib and lc, respectively:

15 g
Rz g3 R

Rl gz pgR

20

wherein R to R* are as previously defined and at least one of R? and R® is a silyl

substituent represented by la.

29. A method as set forth in claim 27, wherein R' and R* taken

together with the two ring carbon atoms to which they are attached comprise a
25 repeat unit of the following

structure:

30
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heating the sacrificial material to cause it to deconpose into one or

nor e gaseous deconposition products; and renovi ng at | east
one of the one or nore gaseous deconposition products by passage

t hrough wo 9882869 one solid | ayer contiguous to the interi @CTAs9grbioae; and
wherein the deconposition of the sacrificial material |eaves an air gap
at the closed interior volune previously occupied by the sacrificial

mat eri al . 31. A nethod as set forth in claim30, wherein the
at | east one solid | ayer is a dielectric material through which the at

| east one of the one or nore 10 gaseous deconposition products can pass by
di ffusi on under conditions not detrinmental to the sem conduct or
structure. 32. A nethod as set forth in claim31 ,wherein the
at | east one solid | ayer is a porous dielectric material through which
the at | east one of the one or nore gaseous deconposition products can

pass tlr Owﬂaré?ﬁ@% & E-.éthﬁeﬁég?%%ﬁiirs & hehidier fiom D86 ¥, afld RMSd R“%'P%I? i an

not detrinmental tot sem ¢ structure.

met hod asdefined above.in cl aim 30 ,wherein said sacrificial materi al is a
cyclic ol efin. met fort.h in claim33 wherein
said cyclic ol 20; n Amgthad 23 ﬁ?tcfP@B '@fcg] 57, vifiérelr’ai NOFROMENSARBY as set
forth in pblgtmarffanhém@csmpﬂs@hm‘wﬁfbyi sabﬁttutwwly@chc repeéu units

nor bormene- ty Qﬂlp as set in claim
35, wher e $elegt fﬁ‘éml}m@rfépf%ﬁ@ted by;lﬁﬂrm “chﬁ‘ﬂm ses repeat unlts of the
generql formul a: 25 [err]
-30-
II
P
15 RS RS R7 R®

wherein R®, R®, R’, and R® independently represent hydrogen, linear and
branched (C, to C,,) alkyl, hydrocarby! substituted and unsubstituted (C; to C,,)
cycloalkyl, hydrocarbyl substituted and unsubstituted (C, to C,;) aryl, hydrocarbyl
20 substituted and unsubstituted (C, to C,5) aralkyl, (C; to C,,) alkynyl, linear and
branched (C, to C,;) alkenyl, or vinyl; any of R® and R® or R” and R® can be taken
together to form a (C, to C,,) alkylideny! group, R® and R® when taken with the
two ring carbon atoms to which they are attached can represent saturated and
unsaturated cyclic groups containing 4 to 12 carbon atoms or an aromatic ring
25 containing 6 to 17 carbon atoms; and pis 0, 1, 2, 3, or 4.
31. A semiconductor device produced in accordance with the method
of claim 21.
32. A method of forming an air gap within a structure comprising the
steps of:
30 using a sacrificial material to occupy a closed interior volume in the
structure: B
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wherein R err] and R err] independently represent hydrogen or |inear or

branched (derr] to err]) alkyl; Rerr] and R err] independently

represent hydrogen, |inear or branched (Cerr] to C[er%% al k or the
groups: W@P§/32169 Rlerr] independently is hydrogen, /H§? 849 et hyl ;
Rlerr], Rerr], and R err] independently represent |inear or br anched
(CJerr] to Jerr]) alkyl, linear or branched (CJerr] to (Jerr]) 10 al koxy,

| i near or branched rr], to C, r,r] | k car bopyl oxy, and supstituted or

unsubst i t ut ed (c[er?'1%[3?'89ctf%rsfﬂclgI gl o £2lse Ringiebonpmecnicone Sind

is a nurrbﬁ.g(.,r eg,q_, ‘Hbc%rﬁ @?gd%tg gaat one of substituents Rierr] and
cte

Rerr] is se romt e Sl group represented by the fornula set
forth under removing at leasﬂone of thet tnel onmoretgaseous dacompostias

S\tNPﬁLte :JPe'gpch.n%%ylQasssgggﬁlaq%eqyeago d ShE 1%9 chnt?guo]usat% thehh esr%rr'f gd by
| C 5 2Qolume; and - : [e”]

[err] wher ei n R err] R e % are as previously defined and at
| east one of Rlerr] wemmqeq@n@% lwpft%swﬁmimlat@amm@a by

| a. h I rr
and R err ]gap aekteme cl(?&d l@(‘) et r@&'ﬁmétphg{'ﬁagg’ td&cpplr‘]% @afﬁjeggacg ?n‘% %]teﬁhﬁch
they are attacldsd cmvmetbed as set forth apelaim 3@, whefeintthefatlléastiorng solidict ur e:

- 40- layer is a dielectric material through which the at least one of the one or more
10 gaseous decomposition products can pass by diffusion under conditions not
detrimental to the semiconductor structure.

34. A method as set forth in claim 32, wherein the at least one solid
layer is a porous dielectric material through which the at least one of the one or
more gaseous decomposition products can pass through pores in the porous

15 dielectric material under conditions not detrimental to the semiconductor
structure.

35. A method as set forth in claim 32, wherein said sacrificial material
is a cyclic olefin.

36. A method as set forth in claim 35, wherein said cyclic olefin is a

20 bicycloolefin.

37. A method as set forth in claim 32, wherein said sacrificial material
is a norbornene-type polymer.

38. A method as set forth in claim 37, wherein said norbornene-type
polymer comprises repeat units of the general formula:

25

l I m

R' 2 ps R T ——
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[err] wherein B is a nethylene group, q is a nunber from2 to 6,

and Rl err] and Rlerr] are as 10 defined above. 39. A net hod
as set forth in claim36,wherein said norbornene-type pol ymer further
conpri seswiysyyacedr byl substituted pol ycyclic repeating uni tperusesemyect ed
fromunits represented by Fornmula Il bel ow 15 20 wherein
Rlerr], Rerr], Rerr], and R err] independently represent hydrogen, |inear
and branched (C[err] to (Jerr]) al kyl, hydrocarbyl substituted and

unsubst i t uwbergigiRrarid Rbindepentently representihdrogen ywd dinear bybranchedi t ut ed

and unsubsjituted I t rr aryl . hydrqcar byl . Substituted and
nsubst 1ttt Cpk ARy E e appdRTneRRhaBly repeeitiNiBSaen, InsaY 8F bianshea

| i near and(@15t°txr;,gpg[k9plm(ﬁeegrbh &0 Clerr]) alkenyl, or vinyl; any of Rerr]
and Rlerr] or Rerr] and R[erriJ can be taken together to forma
(err] to Jerr]) alkylidenyl group, R err] and R err] when taken with the
two ring carbon atons to which tRey are attached can represent saturated

and _ " unsaturated cyclic groups containing 4 to 12 carbon atonms or an
Zrorratlc ring cont §1| ni ng E_S( ﬁ)ngquﬁ{ll?ﬂﬂ atonfsa, and pis 0, 1, 2, 3, or

R® independently is hydrogen, methyl, or ethyl; R', R', and R" independently
represent linear or branched (C, to C,;) alkyl, linear or branched (C, to C,;)

10 alkoxy, linear or branched (C, to C,,) alkyl carbonyloxy, and substituted or
unsubstituted (C, to C,,) aryloxy; mis a number from 0 to 4; and n is a number
from 0 to 5; and at least one of substituents R? and R®is selected from the silyl
group represented by the formula set forth under la.

39. A method as set forth in claim 38, wherein in Formula | above, m is

15 preferably 0 or 1 as represented by structures Ib and Ic, respectively:

Ib Ic

20 R! Rz g3 R¢

Ripe ps R

wherein R! to R* are as previously defined and at least one of R? and R® is a silyl
25 substituent represented by la.
40. A method as set forth in claim 38, wherein R! and R* taken
together with the two ring carbon atoms to which they are attached comprise a
repeat unit of the following structure:
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R? R3

wherein B is a methylene group, g is a number from 2 to 6, and R? and R? are as
defined above.

41. A method as set forth in claim 38, wherein said norbornene-type
polymer further comprises hydrocarbyl substituted polycyclic repeating units
selected from units represented by Formula Il below:

I

P
RS Ré R7 R®

wherein R®, R%, R7, and R® independently represent hydrogen, linear and
branched (C, to C,,) alkyl, hydrocarbyl substituted and unsubstituted (C, to C,,)
cycloalkyl, hydrocarbyi substituted and unsubstituted (C; to C,,) aryl, hydrocarby!
substituted and unsubstituted (C, to C,;) aralkyl, (C, to C,,) alkynyi, linear and
branched (C, to C,,) alkenyl, or vinyl; any of R® and R°® or R” and R® can be taken
together to form a (C, to C,,) alkylidenyi group, R® and R® when taken with the
two ring carbon atoms to which they are attached can represent saturated and
unsaturated cyclic groups containing 4 to 12 carbon atoms or an aromatic ring
containing 6 to 17 carbon atoms; and pis 0, 1, 2, 3, or 4.

42. A semiconductor device produced in accordance with the method

of claim 32. T L
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