2 3 JUN 2006 FABRICATION OF SEMICONDUCTOR DEVICES WITH AIR GAPS FOR ULTRA LOW
CAPACITANCE INTERCONNECTIONS AND METHODS OF MAKING SAME RELATED
APPLICATION DATA This application claims priority to previously filed U.S. Provisional Application
No. 60/229,589, filed on August 31, 2000, entitled "Compositions for Fabrication &f3Sggniczapgluctor
Devices with Air Gaps for Ultra Low Capacitance Interconnections and Methods of Making Same";
U.S. Provisional Application No. 60/229,660, filed on August 31, 2000, entitled "Compositions for
Fabrication of Semiconductor Devices with Multi- Level Air Gaps for Ultra Low Capacitance
Interconnections and Methods of Making Same"; and U.S. Provisional Application No. 60/229,658,
filed on August 31, 2000 entitled "Fabrication of Semiconductor Devices with Air Gaps for Ultra Low

Capacitance IntercdHRRUGNE AN PFREWEONPUEKPR MaHeES all of which are incorporated herein by
reference in their en}’g%%&m@gffw W@ggﬂ% erein described relates
generally to the fabriCation o semT H uctor devices a ore specitically to such devices that use

air gaps and/or multi-level air gaps to reduce capacitive coupling between conductors in such devices.
Additionally, the invention herein described relates to the fabrication of semiconductor devices which
can contain overcoated conductive lines or leads which are at least partially adjacent to one or more
air gaps. BACKGROUND OF THE INMM% of the progress made in integrated
circuit technology, thehispaplicgtibe tlatres tieitn et aldviasigriled y iV ysionaldpplicatieg ided circuit has

pecome less )8 Saa AUHRNGIOAN NP SHABY CEAMBLEHEAS A FAbHERIABE he spacing

between conductive members in the integrated circuit, an increase in capacitive coupling occurs. This
increase in capaBEeRAUSIRS IRy ices Wit AjrGaes tarddtakevfpraritanss dereonsssiensthcreased RC

time constant.Methods of Making Same"; U.S. Provisional Application No. 60/229,660, filed on August
31, 2000, entitled "Compositions for Fabrication of Semiconductor Devices with Muiti-
Level Air Gaps for Ultra Low Capacitance Interconnections and Methods of Making
Same"; and U.S. Provisional Application No. 60/229,658, filed on August 31, 2000 entitled
"Fabrication of Semiconductor Devices with Air Gaps for Ultra Low Capacitance
Interconnections and Methods of Making Same", all of which are incorporated herein by

reference in their entireties.

FIELD OF THE INVENTION
The invention herein described relates generally to the fabrication of
semiconductor devices and more specifically to such devices that use air gaps and/or
multi-level air gaps to reduce capacitive coupling between conductors in such devices.
- Additionally, the invention herein described relates to the fabrication of semiconductor |
 devices which can contain overcoated conductive lines or leads which are at least

partially adjacent to one or more air gaps.

BACKGROUND OF THE INVENTION
As a conseduence of the progress made in integrated circuit technology, the
spacing between the metal lines on any given plane of an integrated circuit has become
less and less, now extending into the submicrometer range. By reducing the spacing
between conductive members in the integrated circuit, an increase in capacitive coupling
occurs. This increase in capacitive coupling causes greater crosstalk, higher capacitive
losses and increased RC time constant.



2 3 JUN 2006 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 tines on a given layer and between layers. Many conventional
electronic insulators have dielectric constants in the 3.5 to 4.2 range. For example psjlicgy ?ngde has
a dielectric constant of 4.2 and polyimides typically have dielectric constants from 2.9 to 3. ome
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 dielectric
constant of a vacuum. Air is almost as good with a dielectric constant of 1.001. With this recognition of
the low dielectric congrifepatdusemanscitiiaveupien muiceitetiasdeen disesied tewandr devices with

air gaps betW%@OeﬂBﬁFﬁ}J ieRdRitR(FRAMRSIARE(CAPRCHARISR YP ETate eaeentivnf ekigally conducting
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complexity. U.'§ EntRE %cP, e d&Rh ed'nmta necfgﬂgg ructu N8 ﬁﬁ an insulating
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the support m cap Rembar of Sula ating material'is then |sp 0Gver aaid support

members andﬁlﬁ@%ﬁmtﬁﬂ‘éf@r%ﬁ ek sangperiiiii@ialeitdbméd |FPé-’t$éa§@%ﬁ@ @lade base

member or theean, Ihesidmesasias Rineting witvdhedampmilesnaie prlcddspgesasvakde material is

removed throH’%p ;E COeS openlngs to thereby define a space between the cap member and the

base member ana bx een the su pport members. During this sté(g R.ﬁrtlal vacuum (in which some
DYy

Inert gas may be dlsﬁﬁ?é@mw ect‘éa?éa‘ |Figfestap SeRstpRt it B iséingipkeabionaterial. The
access openingsasattbenvibachin A iaalinosravigeod with e diekpicecbesiuatst (o capwaember and the

base memberr%g&mtl?ﬁ%latﬁ’éﬁw9‘@!9&@#@8&&&?GFRPEﬂempts have been made to fabricate
semiconductor devices with air gaps between metal leads to reduce the capacitive
coupling between the electrically conducting members. The air gap forming techniques
 that have been developed have varying degrees of complexity.

U.S. Patent No. 4,987,101 describes a method and structure for providing an
insulating electrical space between two lines on a layer of material or between lines on
adjacent superposed layers of material. A base member is formed having a plurality of
support members extending upwardly from the base member. A removable material is
deposited on the base member and around the support members. A cap member aof
insulating material is then disposed over said support members and the removable
material. Access openings are formed in at least one of the base member or the cap
member communicating with the removable material. The removable matedial is removed
through the access openings to thereby define a space between the cap member and the
base member and between the support members. During this step a partial vacuum (in
which some inert gas may be dispersed) may be created in'the space vacated by the
removable material. The access openings are then filled in sa as to provide a sealed
space between the cap member and the base member which has a very low dielectric
constant.

U.S. Patent No. 5,324,683 describes several technigues for forming air gaps or
regions in a semiconductor device. The air regions are formed by either selectively
removing a sacrificial spacer or by selectively removing a sgcri_ﬁcial layer. The air regions



U.S. Patent No. 5,324,683 describes several techniques for forming air gaps or regions in a
semiconductor device. The air regions are formed by either selectively removing a sacrificial spacer or
by selectively removing a sacrificial layer. The air regions 2 23 JUN 2006 are sealed, enclosed or
Isolated by either a selective growth process or by a non- conformal deposition techn%ﬁedma’?ﬂﬂﬁ‘
regions may be formed under any pressure, gas concentration or processing condition. 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 disposable solid
layer is then etched back to expose the tops of the metal leads. Then a porous dielectric layer is
deposited overrerealnsignelasedanisolripd by iskthtieseFetive grambpeasess @biedlont the disposable

layer which is ggitbihAEEERIHIRCAKEAENPHRNEH BYiISHIINEIE: TR HAMIABPAY ISR Gk, axgen-plasma
at a high temperatu%féflooc to va}Borize i bum off, the disposable layer. The oxygen moves
through the po%rl'fse [BIEQREPRERT e"SBH' Y react with the disposable layer and thereby convert it

to a gas that moves [Bhekeshrignendipelesers indiescafareskiy eptentsonrlyambolgsairbtbatisposable layer, air
gaps are left tQyaieR-54avr cHieiagientsvas e amriafrmaerar PUI. dislaeiigvgyer is deposited on
top of the poro ielectric layer to seal the parous dielectric layer fram maisture, provide Improved
structural supp%%t6 g'rl‘?égmae?r%°£¥‘8'8‘ﬁ‘é’3§ﬁ5f;‘ys, ra%' \f)%itgwgfgl t%goﬁ%lr%é'se 8?&'8%?%@]@5?9#’%\% procedure

results in an atedap RRLENE dRia radkairdomed A Ryketstemafien peleh @ disresablgsolist Iaves. The 003
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that the dispos dielectric layer can exten ert e metal leads.’It is also noted that the

exposure of thevaethe&giehleass At disresehladmven misis dafenediby serrval shtor disrperbienot only
inefficient, it alayexydces etictode prefetatdy tveomplished by exposing the device to oxygen or

oxygen-plasma at a high temperature (>100°C) to vaporize, or burn off, the disposable
layer. The oxygen moves through the porous dielectric layer to reach and react with the
disposabile layer and thereby convert it to a gas that moves back out of the porous

~ dielectric layer. Upon removal of the disposable layer, air gaps are left {o provide a low
dielectric constant. Finally, a non-porous dielectric layer is deposited on top of the porous
dielectric layer to seal the porous dielectric layer from moisture, provide improved
structural support and thermal conductivity, and passivate the porous dielectric layer.
This procedure results in an air gap that does not extend the full height of the adjacent
metal leads or lines. The '003 patent discloses a modified method to remedy this and
increase the process margin. This modified method involves a further process step
wherein an oxide layer is formed on top of the metal leads so that the disposable
dielectric layer can extend higher than the metal leads.

It is also noted that the exposure of the device to an oxygen plasma which must
diffuse through a porous layer is not only inefficient, it also exposes other elements of the
device to a potentially damaging oxygen plasma for an extended period of time. In
particular, exposure of oxygen plasma to copper lines can prove deleterious. Copper is
becoming an increasingly important metal in semiconductor manufacturing due to its
lower resistivity when compared to aluminum. '

WO 98/32169 describes a method of forming an air gap or gaps within solid
structures and specifically semiconductor structures to reduce capacitive coupling
between electrical elements such as metal lines. According to WO 98/32169 a method of
forming an air gap in a semiconductor structure comprises the steps of (i) using a



device to a potentially damaging oxygen plasma for an extended period of time. In particular,
exposure of oxygen plasma to copper lines can prove deleterious. Copper is becoming an
increasingly important metal in semiconductor manufacturing due to its lower resistivity when
compared to aluminum. WO 98/32169 describes a method of forming an air gap or g&8pgusitiapnssolid
structures and specifically semiconductor structures to reduce capacitive coupling between electrical
elements such as metal lines. According to WO 98/32169 a method of forming an air gap in a
semiconductor structure comprises the steps of (i) using a 3 2 3 JUN 2006 norbornene-type polymer
as a sacrificial material to occupy a closed interior volume in a semiconductor structure; (ii) causing
the sacrificial material to decompose (preferably self- decompose upon thermal treatment) into one or
more gaseous decomposition products; and (iii) removing at least one of the one or more gaseous
decompositiomprinsttete-typeaspageahacug fiallanstedaldcod iy cxatigtedosvsliine intgrior volume.
The decompagsifi ificial ' V, 2. air . ' lum
previously occﬁﬁﬁ%ﬁgﬁ%&jﬂggﬁ‘éﬂ%ﬁé@ dc?)‘l‘i/err%;? ' %n&@%ﬂ%&%&#ﬁ%ﬂ?ﬁﬁ@éﬁﬁk%@e solid
layer is a dieletGFRMASIEHRPTHIRIBH! W%WBBI%P%BFGHWB?@B‘? dRepERpsitian Rrefitstnposition
products can pmaqilireditivisgpat rzdeorenoftimasennintetyigasaiad tiethemsitivbgnddgiey isiructure.
Finally, WO 9§£§Z%g6e%l?tfbﬁ§ﬁl§§s‘?%r% 98\%%9&%%9‘@3&"@&%@ UG R range of sacrificial
oronl UMMARY

materials instea /a norbornene-type polymer. ) OF THE INVENTION The present
invention provRfSeEARRHARAf ShesiRATiiGIE MalPtRl By ALY IR hinfedieted MtatirE ¥ty such gaps)
within solid strq@ﬂwslﬁmmediﬁzmmm@ndtﬁymrpcﬂmres to reduce capa_citive coupling
between electrical elpprsiassdawaIIa RS Al dsrased isAdbetinchwiinh fRahigs the

production of overcoated conductive lines or leads. Such methods overcome one or more of the

drawbacks as$BtSRRHERRHAFCIARS RGRT BIRST SRRSO SGEPRRATIOR BIRSNRIS SRR in
semiconductodiiusionivedesgohditiona ey detsicheinaliiestbamsepicskalyetor structure. Finally, WO

98/32169 also discloses production methods which can utilize a wide range of sacrificial

materials instead of only a norbornene-type polymer.,

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

level structures having such gaps) within solid structures and specifically semiconductor
structures to reduce capacitive coupling between-electrical elements such as metal lines.
Also disclosed is a method which enables the production of overcoated conductive lines
or leads. Such methods overcome 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.

For example, in some instances it is advantageous to utilize a sacrificial material
which is less costly, easier to process or “work” with, and has a lower decomposition
temperature. The present invention provides such advantages via methods which enable
to formation and/or production of structures having air gaps produced utilizing
polycarbonates and/or polymethyl methacrylates.

According to one aspect of the invention, a method of forming an air gap within a
semiconductor structure comprises the steps of: (i) using a sacrificial material to occupy a
closed interior volume in a semiconductor structure; (i) causing the saciificial material to
decompose Into one or more gaseous decomposition products; and (jii) removing at least
one of the one or more gaseous decomposition products by passage through at least one
solid layer contiguous to the interior volume, wherein the decomposition of the sacrificial

material leaves an air gap at the closed interior volume previously occupied thereby, and



For example, in some instances it is advantageous to utilize a sacrificial material which is less costly,
easier to process or "work' with, and has a lower decomposition temperature. The present invention
provides such advantages via methods which enable to formation and/or production of structures
having air gaps produced utilizing polycarbonates and/or polymethyl methacryla?g. ?ﬁﬁoﬂjﬁg to one
aspect of the invention, a method of forming an air gap within a semiconductor structure prises
the steps of: (i) using a sacrificial material to occupy a closed interior volume in a semiconductor
structure; (il) causing the sacrificial material to decompose into one or more gaseous decomposition
products; and (lii) removing at least one of the one or more gaseous decomposition products by
passage through at least one solid layer contiguous to the interior volume, wherein the decomposition
of the sacrificial material leaves an air gap at the closed interior volume previously occupied thereby,
and 4 e 3 JUNtzosificial matedshComikses| apehprseomnosijenseleoiephieiionasetaseeel from one or

more polycarbpRatrueriERImarly BSIlRIRP PERRTSs POOKRERSF RANMBR! k¥l BR/RigTerS,

acrylate polymerslﬂ?r mllxtures thereof. lrk%cc%rdance with another aspect of the invention, 'a method of
forming one oPIGPE BY y&%@ o7 DR B8R or structure comprises the steps of. (I) forming a
patterned layer of saby#isiaidancewith enahsuaspestoidber inveotintiranethodatdéermiigporear more gaps to
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assage through the, overcqat layer so that one or,more air gaps are formed within the semiconductor
Crocture, wherlie Bral Aol i e R EIRES B B Bl AT Fr A 55
polycarbonatepaBfiakinthp dagione ppraRratEhy throvaetifieiel mataniakdY heatsing ihateasdiighers, acrylate
polymers, or myaterRtE@sesthpose into one or more gaseous decomposition products; and (V)

removing at least one of the one or more gaseous decomposition products by passage
through the overcoat layer so that one or more air gaps are formed within the
semiconductor structure, wherein the sacrificial material is a polymer composition

' selected from one or more polycarbonate polymers, polyester polymers, polyether
polymers, methacrylate polymers, acrylate polymers, or mixtures thereof.

In accordance with another aspect of the invention, a method of forming air gaps
within a semiconductor structure comprises the steps of: using at least one sacrificial
material to occupy simultaneously or sequentially at least two closed interior volumes in a
semiconductor structure, wherein the at least two closed interior volumes are on different
levels of the semiconductor structure; causing the at least one sacrificial material
occupying the at least two' closed interior volumes to decompose either simultaneously or
sequentially into one or more gaseous decomposition products; and removing at least one
of the one or more g%seous decomposition products by passage through at least one
solid layer contiguous to the interior volume.

In accordance with another aspect of the invention, a method of forming one or
more air gaps in a semiconductor structure comprises the steps of: (A) forming a
patterned layer of a first sacrificial material on one side of a substrate corresponding to a
pattern of one or more gaps to be formed in the semiconductor structure; (B) depositing a
second material on the substrate within regions bordered by the first sacrificial material;
(C) forming a first overcoat layer of material overlying the patterned layer of the first
sacrificlal material and the second material in the regions bordered by the first sacrificial
material; (D) causiné the first sacrificial material to decompose into one or more gaseous



In accordance with another aspect of the invention, a method of forming air gaps within a
semiconductor structure comprises the steps of., using at least one sacrificial material to occupy
simultaneously or sequentially at least two closed interior volumes in a semiconductor structure,
wherein the at least two closed interior volumes are on different levels of the sem?gngﬂlﬁt tfructure;
causing the at least one sacrificial material occupying the at least two' closed intefidr volu to
decompose either simultaneously or sequentially 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 volume. In accordance with another aspect of the
invention, a method of forming one or more air gaps in a semiconductor structure comprises the steps
of. (A) forming a patterned layer of a first sacrificial material on one side of a substrate corresponding

to a pattern of&ERRFHBRL YIS D FBIOMIRg 1838t SBRAENRINISY SIRIBEAEEE depositing a
second matertdcomphsitiuristrdicts\bijhpasege tisdughdbediisbyvisreditdawarasdittiat onat@riabire C) forming a

first overcoat lgyerof matsHal Qi Rg é@mie@m@?&%mﬁﬁéﬁ(m%mﬁa?sz@[gs)gﬁ'@ﬁémagsrigg gnd the
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first overcoat ipyar$0,}bRb.aNGyRF SIR5Ra@IWIRRTRIGBmATHiL)mING semicaRsiugior structure; (F)

forming a patterned Iag_%r of a second sacrificial material on the first overcoat layer corresponding to a
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material; (H) fosaingsa cHiRRNMAMRIC AR LIRXRghRIRNAlaydibiang dteinas assmRyeimb the second
sacrificial material and the third material in.the regions bqrdered b th(—:‘t sernd sacrificial material; (1)
Aermrechiet ok heA GaE ot
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re gaseous
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passage throygia tignaxeERQaipeNR fofReM@lthin the semiconductor structure, wherein the first and
second sacrificial materials are independently selected from one or more polycarbonate .
polymers, polyester polymers, polyether polymers, methacrylate polymers, acrylate
polymers, or mixtures thereof.

In accordance with another aspect of the invention, a method of forming one or

more air gaps in a semiconductor structure comprises the steps of: (A) forming a
patterned layer of a first sacrificial material on one side of a substrate corresponding to a
pattern of one or more gaps to be formed in the semiconductor structure; (B) depositing a
second material on the substrate within regions bordered by the first sacrificial material;
(C-1) forming a first overcoat layer of material overlying the patterned layer of the first
sacrificial material and the second material in the regions bordered by the first sacrificial
material; (C-2) forming a patterned layer of a second saqriﬁcjal material on the first
overcoat layer corresponding to a pattern of one or more gaps to be formed in the
semiconductor structure; (C-3) depositing a third material on the first overcoat layer within
regions bordered by the second sacrificial material, (C-4) forming a second overcoat layer
of material overlying the patterned layer of the second sacrificial material and the third
material in the regions bordered by the second sacrificial material; (D’) causing the first
and second sacrificial materials to decompose into one or more gaseous decomposition
products; and (E') removing at least one of the one or more gaseous decomposition
products by passage through the overcoat layers so that one or more air gaps are formed
within the semiconductor structure, wherein the first and .sec_ond sacrificial materials are



one or more air gaps are formed within the semiconductor structure, wherein the first and second
sacrificial materials are independently selected from one or more polycarbonate polymers, polyester
polymers, polyether polymers, methacrylate polymers, acrylate polymers, or mixtures thereof. In

accordance with another aspect of the invention, a method of forming one or mO@Bang@%dﬁ] a
semiconductor structure comprises the steps of. (A) forming a patterned layer of a first sacrificial
material on one side of a substrate corresponding to a pattern of one or more gaps to be formed in the
semiconductor structure; (B) depositing a second material on the substrate within regions bordered by
the first sacrificial material;, (C-1) forming a first overcoat layer of material overlying the patterned layer
of the first sacrificial material and the second material in the regions bordered by the first sacrificial
material; (C-2) forming a patterned layer of a second sacrificial material on the first overcoat layer

correspondindFBeRdRP S5estRd BPT 8PS PR BEIGIRRE RN TIRES RAN SRR PR ire; (C-3)
depositing a tipoliestateobintershmietbenmmipmatd apethactilate nealyoressh e cddabopolyther sseeond sacrificial
material; (C-4)fofipingharsgeond overcoat layer of material overlying the patterned layer of the second
sacrificial material and the third material In the regions bordered b% the second sacrificial material; (D")
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independently? 881X ARSI P AR 10 B Ry AR AT TSI RFECHURANE L Srolyester
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semiconductop sctire somprass e slens kg A-aca el Matelielia oaguay gijeast one first
closed interior volume ina Semiconductor structure and using a conductive ma &riaf to occupy at least
one second clevaseoritataTigbR¥taadiRgInto the at least one gap; causing the sacrificial material to

decompose into one or more gaseous decomposition productsf and removing at least one
of the one or more gaseous decomposition products by passage through the first
overcoat layer so that one or more air gaps are formed within the semiconductor
structure, thereby yielding overcoated conductive structures.

According to yet another aspect of the invention, a semiconductor device having at
least one air gap therein comprises: a substrate; at least one conductive line or lead; at
least one air gap; and an overcoat layer, wherein the at least one air gap is produced in
accordance with any one of the methods disclosed herein.

According to yet another aspect of the invention, a semiconductor structure
comprises: a substrate; a sacrificial material supported on the substrate; a conductive
material supported on the substrate and spaced apart from the sacrificial material; an
overcoat layer overcoating the sacrificial material and the conductive material and
extending into the one or more spaces between the sacrificial material and the conductive
material.

According to yet another aspect of the invention, a semiconductor structure
comprises: a substrate; a sacrificial material supported on the substrate; a conductive
material supported on the substrate and spaced apart from the sacrificial material, an
overcoat layer overcoating the sacrificial material and the conductive material and
extending into the one or more spaces between the sacrificial material and the conductive
material, wherein the sacrificial material has been removed by decomposition through the
overcoat layer.



semiconductor structure, the at least one first closed interior volume and the at least one second
closed interior volume defining at least one gap therebetween; forming an overcoat layer of material
on the sacrificial material and the conductive material with the overcoat material extending into the at
least one gap; causing the sacrificial material to decompose into one or more gase@us dggoppgosition
products; and removing at least one of the one or more gaseous decomposition products by passage
through the first overcoat layer so that one or more air gaps are formed within the semiconductor
structure, thereby yielding overcoated conductive structures. According to yet another aspect of the
invention, a semiconductor device having at least one air gap therein comprises: a substrate; at least
one conductive line or lead; at least one air gap; and an overcoat layer, wherein the at least one air
gap is produced in accordance with any one of the methods disclosed herein. According to yet
another aspect of tiie the@ntemplisiveenicditbe itmysingcudselotad prda sha isvantivatenspasesificial

material supperigghaRdMReRREAIREANBUEIYR sRALI SomeEss AHbeskiRstale and spaced
apart from the sacrificial material; agsﬁ overcoat Ir%;l,er over?Bc)ga}glng the sacrificial material and the
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the conductiwmboditesits gfdbeinentiony dhase tnabasiments afelindicativetibewevernfiomalfestor structure
comprises: agp SRS ARRSHI GRS R GHRPBF e IRRHIR S HRSREmBIGRAT e material

supported on the substrate and spaced apart from the sacrificial material, an overcoat layer
overcoating PRIEScARYRIIRIERANY MOV deatirss Rl g D vraten Xk heroma arparRhitertiReone or more
spaces betwédiovting getilfididésnaptiombiihe ineimdviutiveonsideseihin wdnimiticthwitbetbeficial material
has been rergRvasheY decomposition through the overcoat layer. 7 2 3 JUN 2006 To the
accomplishment of the foregoing and related ends, the invention comprises the features hereinafter

fully described and particularly pointed out in the claims. The following description and the annexed
drawings set forth in detail certaBRIEERESERIPTION OF THE DRAWINGS

Figures 1A-1D are diagrammatic cross-sections of a portion of a semiconductor

structure, illustrating several steps of a method according to one aspect of the invention.

Figures 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,

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

Figures 4A~4H are diagrammatic cross-sections of a portion of a semiconductor
structure, illustrating several steps of a specific example of a method according to a the
invention.

Figures 5A-5J are diagrammatic cross-séctions of a portion of a semiconductor
structure, illustrating several steps of another specific example of a method according to
the invention.

Figures 6A-6l are diagrammatic cross-sections of a portion of a semiconductor
structure, illustrating several steps of a method according to another aspect of the
invention.

Figures 7A-7H are diagrammatic cross-sections of a portion of a semiconductor
structure, illustrating several steps of a method according to another aspect of the
invention. '

Figures 8A-8G are diagrammatic cross-sections of a‘portion of a semiconductor
structure, illustrating several steps of a method according to another aspect of the
invention.



embodiments of the invention. These embodiments are indicative, however, of but a few of the
various ways in which the principles of the invention may be employed. Other objects, advantages
and novel features of the invention will become apparent from the following detailed description of the
invention when considered in conjunction with the drawings. BRIEF DESCRIPTI%O@WI—%B
DRAWINGS Figures MAD are diagrammatic cross-sections of a portion of a semiconductor structure,
illustrating several steps of a method according to one aspect of the invention. Figures 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. Figures 3A-3F are diagrammatic cross-sections
of a portion of a semiconductor structure, illustrating several steps of a method according to a further
aspect of the invention. Figures 4A-4H are diagrammatic cross-sections of a portion of a
semiconductor structigEeRIRRAPhHR ddramnatisssost-sestiensf @ Rakpobe samisensiieiecording to a
the invention.skrgities BustoatingastiagrsrRpsatisratnssspeciiorsvh Eesiri anmba sarGag dictor
structure, illusm%tmgeﬁﬁa{gral steps of another specific example of a method according to the invention.
Figures 6A-61 are diagrammatic cross-sections of a portion of a semiconductor structure, illustrating
several steps of a mEt#EESA M FAMEPR deristiiep sxpaptany dtHgvelAibean-ustsesaorording
diagrammatic &y pess@aciangiad. a portion of a semiconductor structure, lllustrating several steps of a
method according to another aspect of the invention. Figures 8A-8G are diagrammatic cross-sections

of a portion of a semiconductor structurebillustratin several steps of a method according to another
aspect of the Invention. 8  DETAILED DESCRIPTION OF THE INVENTION

Referring now in detail to the drawings, the various steps of a method of producing
a structure according to one aspect of the invention are diagrammatically illustrated in
Figures 1A-1D. In Figures 1A and 1B, a patterned layer of sacrificial material 20 is
formed on a substrate 22 by any suitable technique. This may be accomplished, for
example, by first forming a layer of the sacrificial material 20 on the substrate 22 as
depicted in Figure 1A and then patterning the layer, for example by etching or any other
suitable technique, to form the patterned layer of sacrificial material 20 having one or
more “hills” formed by the sacrificial material on the substrate with “valleys” formed
between any two relatively adjacent hills. A second solid layer of a non-sacrificial material
24 is then formed on the patterned layer in overlying relation to the patterned layer 20 as
depicted in Figure 1C. Then, heat is applied to the decompose the sacrificial material into
one or more gaseous decomposition products, and one or more of these decomposition
products are removed by 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.

Generally, an air-gap structure is formed by using two dielectric materials, a
sacrificial material'.whi.ch 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 mare of the gaseous products can pass. Inone
embodiment, such passage is by diffusion of one or more of the decomposition products
through the overcoat material. Reference herein is made to passage of the
decombosition 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, in one embodiment, passage is
by diffusion through a solid permanent layer.



2 3 JUN 2006 Figures 9A-9L are diagrammatic cross-sections of a portion of a semiconductor
structure, illustrating several steps of another specific example of a method according to the invention.
Figures 10A and 10B depict two exemplary multi-level air gap structures according to present
invention. DETAILED DESCRIPTION OF THE INVENTION Referring now in detail ®3thdUdirp@hgs,
the various steps of a method of producing a structure according to one aspect of the invention are
diagrammatically illustrated in Figures 1A-1 D. In Figures 1A and 16, a patterned layer of sacrificial
material 20 is formed on a substrate 22 by any suitable technique. This may be accomplished, for
example, by first forming a layer of the sacrificial material 20 on the substrate 22 as depicted in Figure
1A and then patterning the layer, for example by etching or any other suitable technique, to form the
patterned layer of sacrificial material 20 having one or more "hills" formed by the sacrificial material on
the substrate withfivelewidesiment, betdmempaitionossinstvefyhadissmoiahiistefizpecond solid layer of a

non-sacrific%ﬁhmg&e%ﬁli%)ﬁziﬁini%g o gecgﬂggggga%m%mﬁgaﬁg%%gﬁgéuinﬂ1relation to the patterned

layer 20 as depicted I r n, heat | af_)p led to lecompose the sacrificial material into
one or moregERIBRRAIIR ABMRSIRLIE S dH bersomRatiBlsvih Mg variovarsrraBedmPOERion products are
removed bystaskirgsthasughtthuesesone intgerii4hcrbns gsiow iten the minoa ostieadeandfinaving one or

more air Gags AR HIRE U S SRACS P SER AU E udigpacriicial material

20. Generally, an alr}gg'p structdre is formed by using two dielectric materials, a sacrificial material
Fifa d

which decorfPRi¥E81faEelakicAdelgEaRnaRet d5yichnhalieiiighsmbrginagtsttibAmanent for purposes
of forming thempeeataresis igaptargatpsit WHAND. fitimneoatenpatedthay dncoat dimsudirthemy tble one or more of

the gaseous,BIaAGLHEANRRSRt DA rAMPRLITRR FUENPIFFRAS kit diBHaiopRs.ARe or more of

the decomposition Eroducts through the overcoat material. Reference herein is made to passage of

the decompB&HASIBE0R L ERRasLion RmBPAIALESSAPION ATRBPE APhdRBYRRPEMISHroadly is
intended to gheeacpfisis! paatsda chivwawsr.abowid besufiicientjytivergalin steldeos pthet tiges in

permanent material can be processed to a condition where it is electrically and/or
mechanically stable.

It should be further noted that any one or more of the herein described layers may
be composed of multiple sub-layers, as may desired for different fabricating techniques.
For example, the layer 24 in Figure 1C may be composed 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 fayer is applied to an underlying layer does
is not intended to preclude the presence of an intermediate layer that might be employed,
for example, to enable bonding of one layer to another.

In one embodiment, the sacrificial material for carrying out the above-described
method is selected from the cycloolefin class of compounds. In another embodiment, the
sacrificial material is a bicycloolefin. In still another embodiment, the sacrificial material is
a norbornene polymer. By norbornene polymer is meant polycyclic addition
homopolymers and copolymers comprising repeating imité set forth under Formulae 1, 1
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 Hll, or
combinations thereof. As would be appreciated by one of ordinary skill in the art, the
above definition includes therein those norbornene polymers which are functionally
equivalent to the polymers set forth in Formulae 1, H and Hl. One such type of norbornene
polymer that is useful as the sacrificial material in the present invention is sold under the
Avatrel® trademark by The BFGoodrich Company, Akron, Ohio. The polymer comprises
silyl substituted repeating units represented by the structure set forth under Formula |
below.

10



the permanent layer that may later be closed. However, in one embodiment, passage is by diffusion
through a. solid permanent layer. 9 2 3 JUN 2906 In one embodiment, the decomposition reaction of
the sacrificial material is induced solely by high temperature although other means may be used. The
decomposition temperature should be compatible with the various components ot the/Btrddtire so as
not to destroy the integrity thereof aside from the removal of the sacrificial material to form the air gap
or gaps. Typically, such temperature should be less than about 500C for electrical Interconnect
devices. In another embodiment, such a temperature is less than about 450C. It Is contemplated that,
in one embodiment, the decomposition temperature will fall in the range of about 380C to about 450C,
although materials having decomposition temperatures as low as about 150C may be beneficial. The
sacrificial material, however, should be sufficiently thermally stable so that the permanent material can
be processed to a condition where it is electrically and/or mechanically stable. It should be further
noted that any one or more of the herein descrilfed layers may be composed of multiple sub-layers, as

may desired for different fabricating technique ample, the layer 24 in Figure 1C may be
composed of a first sub-layer at the same level &5 sactificial layer and a second sub-layer
overlying the first sub-layer and the sacrificial tAl. Also, the indication that a layer is applied to an
underlying layer does is not intended to precluggth pPésence of an intermediate layer that might be

employed, for example, to enable bonding of néaol o another. In one embodiment, the sacrificial
material for carrying out the above-described method is selected from the cycloolefin class of
compounds. In another embodiment, the sacrificial material is a bicycloolefin. In still another
en:bodi?nené,dt_m_ees%ﬁﬁiQﬁblmatﬁréabi?eatmrléyaéa&%magmﬁuin%Bpﬂ?maﬁ@m@lxmzw%wgamF |
polycyclic addition hgmopolymers and co ers comprising repeati set forth under Formulae
[, II and Il be ow. &gp&ﬁ?ﬁé';@eu@é%ﬁﬁ%%“gc@fﬁ et?ie@r%%%&%ﬁ“c%ﬁ%@%?&ﬁ@tﬂé& ihits selected
from the grou@YRiprising and/or consisting of Formulae 1, 11 and llI, or

RS

-(CH),-SiRIOR1IR 12 I

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 (e.g., acetoxy), and substituted or unsubstituted
(C to C,p) aryloxy; m is a number from O to 4; and n is a number from O to 6. 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.

In one embodiment, at least one of R'°, R", or R* is selected from a linear or
branched (C, to C,,) alkoxy group and R® is hydrogen. In another embodiment, each of
R, RY, and R are the same and are selected from methoxy, ethoxy, propoxy, butoxy,
and pentoxy. In yet another embodiment, n is 0 and R, R, and R'? are each ethoxy
groups, e.d., R? and/or R%is a triethoxysilyl substituent. When nis 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
polyceyclic ring (i.e., a ring carbon atom).

in Formula | above, m s, in one embodiment, 0 or 1 as represented by structures
Ib and Ic, respectively, below:

11



combinations thereof. As would be appreciated by one of ordinary skill in the art, the above definition
includes therein those norbomene polymers which are functionally equivalent to the polymers set forth
in Formulae 1, Il and Ill. One such type of norbomene polymer that is useful as the sacrificial material
in the present Invention Is sold under the Avatrel(r) trademark by The BFGoodizch Compggy, Akron,
Ohio. The polymer comprises silyl substituted repeating units represented by the structure set forth
under Formula | below. 10 2 3 JUN 2006 | wherein R' and R independently represent hydrogen; linear
or branched (C, to C20) alkyl; R2 and R3 independently represent hydrogen, linear or branched (C, to
C20) alkyl or the group: R9 -(CH), SIR1I0OR"R'2 la R9 independently is hydrogen, methyl, or ethyl;
R10, R", and R'2 independently represent linear or branched (C, to C2) alkyl, linear or branched (C, to
C2) alkoxy, linear or branched (C1 to C20). alkyl carbonyloxy (e.g., acetoxy), and substituted or
unsubstituted (CO to C20) aryloxy; m is aggumber from 0 to 4; ang, n is a number from O to S. In
Formula | at least one of substituents 1. R3 must be selected from the silyl group represented by
, R", or R12 is selected from a
nother embodiment, each of
fhoxy, propoxy, butoxy, and

6 Riz2gte each ethoxy groups, e.g., R2
and/or R3 is a triethoxysilyl substituent. When n is 0, it is evidepar thiy{ the silyl functionality is
connected directly to the polycyclic ring through a silicon-carRo prherein 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 | gRaéth R 48 RNHE8sIRRRRIMIIMHE PEAd 2R IRRIFRRIMIG BYSHUGIES: a silyl

substituent represented by la. In one embodiment, repeating units where m is 0, i.e.,

repeating units of structure b, are utilized.

In Formulae |, 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 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:

R2 R3

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 are set forth below:

12



Ib and to, respectively, below: 11 23 JUN 2006 Ib Ic wherein R' to R are as previously defined and at
least one of R2 and R3 must be a silyl substituent represented by la. In one embodiment, repeating
units where mis 0, i.e., repeating units of structure 1b, are utilized. In Formulae I, Ib, and Ic R' and R4
can taken together with the two ring carbon atoms to which they are attached to rgpgeggRt sgaturated
cyclic group of 4 to 8 carbon atoms. When R' and R4 are taken together to form a saturated cyclic
group, the cyclic group is substituted by Rl and R3 at least one of which must be a silyl group
represented by la. Generically such monomers are represented by the following structure: wherein B
is a methylene (i.e., -CH2) group and g is a number from 2 to 6. It should be apparent that when the
methylene group represented by B contains an Rl or R3 substituent, one of the hydrogen atoms of
the -CH2- group is replaced by the R2 or R3 substituent. Representative repeating unit structures are
set forth below: 12 2 3 JUN 2006 wherein R2, RO, and m are as previously defined. lllustrative
examples of monomers of Frmt{a | include 5-tri imi ysilyl- norborne rimethylsilyl norbornene,
5-trimethoxysilyl norbomen rethyldimethoxg porbornene, 5-digethylmethoxy norbornene. In
another embodiment of the eq ' rificial polymer comprsés hydrocarbyl

substituted polycyclic repea its selected fr'ts represented mula Il below: 1l wherein
R5, R5, R', and R5 indepentd ePYesent hydrpgeglilear and brahegked—{@to C20) alkyl,
hydrocarbyl substituted and stituted (C5tg gycloalkyl, hyo yl substituted and
unsubstituted (C5 to C40) yd Rgarbyl sub nd e R3

wherein R?, R®, and m are as previously defined.

lllustrative examples of monomers of Formula | include 5-triethoxysilyl-
norbomene, 5-trimethylsilyl norbornene, 5-trimethoxysilyl norbornene,
5-methyldimethoxysilyl norbornene, 5-dimethylmethoxy norbornene.

In another embodiment of the present invention, the sacrificial polymer comprises
hydrocarbyl substituted polycyclic repeating units selected from units represented by
Formula Il below:

| Ip
R3ps pr R

wherein R%, R®, R?, and R® indebendently represent hydrogen, linear and branched

(C, to C,) alkyl, hydrocarbyt substituted and unsubstituted (Cs to C,,) cycloalkyl,
hydrocarbyl substituted and unsubstituted (C; to C,,) aryl, hydrocarbyl substituted and
unsubstituted (C, to C,s) aralkyl, (C, to C,) alkynyl, finear and branched (C, to Cy)
alkenyl, or vinyl; any of RS 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 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
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unsubstituted (C7 to C16) aralkyl, (CO to C20) alkynyl, linear and branched (C3 to CRO) alkenyl, or
vinyl; any of R5 and Re or R' and R5 can be taken together to form a (C1 to C10) alkylidenyl group,
R5 and R5 when taken with the two ring carbon atoms to which they are attachedl%car;&@present
saturated and unsaturated cyclic groups containing 4 to 12 carbon atoms or an a

containing 6 to 17 carbon atoms; and pis 0, 1, 2, 3, or 4. The 13 2 3 JUN 2005 hydrocarbyl
substituents on the foregoing substituents are composed solely of carbon and hydrogen atoms, such
as, for example, branched and unbranched (Cl to C10) alkyl, branched and unbranched (C2 to C10)
alkenyl, and (C6 to C26) aryl. lllustrative examples of hydrocarbyl substituted monomers include, but
are not limited to, 2-norbomene, 5-methyl-2-norbomene, 5-hexyl-2-norbornene, 5-cyclohexyl-2-
norbornene, 5-cyclohexenyl-2-norbomene, 5-butyl-2-norbomene, 5-ethyl-2-norbornene,
5-decyl-2-nohydioraiky | Sulistivents ab the feregeing-sulistivanty af FOoWRSed Spiein pidert andrbornene,
vinylnorborhapgogisyatopensashens idilexshpliChe anratasiandrdatiayd P PdSEaRe:,

methyltetrac clododéacegeqh ér%%glﬁ%qd%p d| rére] | %m?g] fI?Itgrzj\%‘}/giIododecene

ethyltetracyc od‘odecene enyl tétracy? kil ecene, phefYltetra-cyclododecene, trimers of
cyclopentadiene (ellpstgiymersionlesrtd hwtﬁééﬁwﬁéﬁynmfﬁe'@lﬁﬁédweaﬁe mot hydrocarbyl

repeating unimﬁmﬂvamﬂmm&acabﬁm@n@nb”rm@h@rsammimﬁmrﬁémedrwemiesaylazsacrificial

polymer useful n carryi out the v ntl [, SQMPHSes rep nit ent Formula IlI
below: 11l K14 WHeTem @'f Il}?ﬁ % é)é%%' G '%a% éu'eﬁlfgn osgfeegg'&'from the

endently'represent a po

group: -(A), EgentdRNofhgrSRe, 5(”)‘3’@%2@\"?“"06‘95’ ; epiYRnorhemee frethyfigesct0) C(O)OR",
~(A),-O-A™-C(R3}E8Rer(&) ArPRBImris @ @RhentAions, i HapamMadiéhs] 1-C(0)-A-OR, -(A),
C(O)O-A-OGUMOR odowe%(@&@e%é\cs@a%ne Mc%i?a&aé%aé?e%oﬁ(wm -(A),

C(R"2CH(R')(C(O)OR") andg CH(C(O)O dpisO0,1,2,3,4,o0r5.
dimethyltetracyclodo ecene et yltetracyclododecene ethyhdenyl tetracyclododecene,

phenyltetra-cyclododecene, trimers of cyclopentadiene (e.g., symmetrical and
asymmetrical trimers). In one embodiment, the hydrocarbyl repeating unit is derived from
2-norbornene.

In another embodiment of the invention, a sacrificial polymer useful in carrying out
the invention comprises repeating units represented by Formula il below;

II1

| lp

R9 " H Rlz
R"R'

wherein R® to R independently represent a polar substltuent selected from the group:
«(A)-C(O)OR", «(A),-OR", -(A),-OC(O)R", -(A)n-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(O)O-A'-C(O)OR*, «(A),-C(O)-A’-OR*, ~(A),-C(O)O-A-OC(O)OR*,
-(A);-C(0)O-A’-O-A'-C(O)OR", -(A),-C(O)O-A’-OC(0)C(O)OR?,
-(A)-C(R"),CH(R*)}(C(O)OR*), and -(A),-C(R"),CH(C(O)OR*);;andpis 0,1, 2, 3,4, or5.
The moieties A and A’ independently represent a divalent bridging or spacer group
selected from divalent hydrocarbon groups, divalent cyclic hydrocarbon groups, divalent
oxygen containing groups, and divalent cyclic ethers and cyclic diethers, and nis an
integer 0 or 1. When n is 0 it should be apparent that A and A’ represent a single
covalent bond. By divalent is meant that a free valénce at each terminal end of the group
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The moieties A and A' independently represent a divalent bridging or spacer group selected from
divalent hydrocarbon groups, divalent cyclic hydrocarbon groups, divalent oxygen containing groups,
and divalent cyclic ethers and cyclic diethers, and n is an integer 0 or 1. When n @:,p iy be
apparent that A and A' represent a single covalent bond. By divalent is meant that a free valence at
each terminal end of the group 14 2 3 JUN 2006 are attached to two distinct groups. The divalent
hydrocarbon groups can be represented by the formula -(CdH2d)- where d represents the number of
carbon atoms in the alkylene chain and is an integer from 1 to 10. In one embodiment, the divalent
hydrocarbon groups are selected from linear and branched (C, to C10) alkylene such as methylene,
ethylene, propylene, butylene, pentylene, hexylene, heptylene, octylene, nonylene, and decylene.
When branched alkylene groups are contemplated, it is to be understood that a hydrogen atom in the
linear alkyleneaéﬁﬁ%‘?g% Jeedipinctoinves: dhedivalant Bydrocikes)araues b reprrsemtedent cyclic
hydrocarbon gegtigsfimeiuld e(Sysltwieteane praseitstie ieon(EBot odtidh aysmiadhphatikyraieties

represented b aula: A in f A represents linear
and branched)égcgi]i,ﬁ té%%%%allﬁlggﬁé‘a%ﬁl B e éﬂfﬂb&ﬁ%%?ﬁgéﬁﬂlm%;ﬁmﬁ?ﬁe not limited to,

roups. Divalent cycloalkylene groups include,
cyclopentyIen@@HBS(ﬂYEIBﬂEQS%r%@'ﬁ%\%if@é‘?éﬁ?@%é?ﬂé@ &Rh&%ﬂ@ﬁﬁﬁ@%’tﬂ%ﬂﬁ@%‘?% wherein Ro is
defined aboveethgléhestagdeherbutyieht) rentihend telg/ Bpedibptiare, ibotyitmebronyidesstpad that the
bond lines projegcting fr i ¢ lvale ure of the
dh%%&gl&% %ﬁ%ﬂrﬂlﬁ&cﬁﬁ%ﬁ%&ﬂgﬁﬁ %UMEFﬁﬂa(é‘g,’ u?é‘?@%%&éé\?dpo'&ttﬂat‘ a

moiety and in e the points at w cyclic atoms are bonded t éacen molecular
moieties definE¥HI9RR 2B R & dneialidenexddin ds FRAaRS4IN R liRe3aT Breneheg dRalafend line
projecting fromalkylgmenter of the cyclic structure indicates that the bond is optionally connected to any

one of the carbocychtatfraRib disid NArdbiRRISE ARSI sipqRuibabHR.FaRgREAGElom to which
the bond line If conne tefj WI{I accommodate one E—:‘S% h}/drolﬁ;en atom to satisfy the valence
%af’g alipha ted by the form

requirement 0 8¥]C (o} IC moieties represen Yy a.
/7<R q
—CH (CH,),

wherein a is an integer from 2 to 7 and Riwhen present represents linear and branched
(C, to C,p) alkyl groups. Divalent cycloalkylene groups include, but are not limited to,
cyclopentylene and cyclohexylene moieties represented by the following structures:

q R4

wherein Ris defined above. As illustrated here and throughout this specification, it is to
be understood that the bond lines projecting from the cyclic structures and/or formulae
represent the divalent nature of the moiety and indicate the points at which the

carbocyclic atoms are bonded to the adjacent molecular moieties defined in the

respective formulae. As is conventional in the art, the diagonal bond line projecting from
the center of the cyclic structure indicates that the‘ bond is optionally connected to any one
of the carbocyclic atoms in the ring. It is also to be understood that the carbocyclic atom
to which the bond line is connected will accommodate one less hydrogen atom to satisfy
the valence requirement of carbon.
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15 2 3 JUN 2006 Exemplary divalent cyclic ethers and diethers are represented by, but not limited to,
the structures: The divalent oxygen containing groups include (C2 to C,,) alkylene ethers and
polyethers. By (C2 to C,0) alkylene ether is meant that the total number of carbon atoms in the
divalent ether moiety must at least be 2 and can not exceed 10. The divalent alRyepenctipgss are
represented by the formula -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 group -CHZ O-CH2 . Polyether moieties include, but are not limited
to, divalent groups of the formula: -{CH2(CH2)xO)y wherein x is an integer from 0to 5 and y is an
integer from 2 to 50 with tre roviso that the terminal oxygen atom on the polyether spacer moiety
can not be directly IRIETP!B d?’éﬁ’ﬁ%ﬂﬁé&%@ﬁs%ﬁSﬁ’%ﬁﬂﬁj’g@éﬁe&Sﬁﬁ%’%ﬂﬂtéfrb xide linkage.
In other wordt, hergridéiiéskages (i.e., -0-0-) are not contemplated when polyether spacers are linked
to any of the terminal oxygen containing substituent groups set forth under R9 to R12 above. R9 to
R1Z can also independently represent hydrogen, linear and branched (C, to C10) alkyl, so long as at
least one of the remaining R' t [ i f the polar groups represented
above. As Is noted with regard to|Formula Ill, p i (in one embodiment 0 or 1, in
another embodiment 0). R indeperd nd branched (C, to C10) alkyl
(e.g., -C(CH3)), -Si(CH3), -CH(R"OCH2CH3, -CH(R")OC(CH3)3, linear and branched (C, to C10)
alkoxyalkylene, polyethers, monocyclic and polycydic (C4 to C20) cyctoaliphatic moieties, cyclic
ethers, cyclic ketond$estivhlept nsygstcgantrininsnars)rsnciuded @ 10F alkdikyianefthersandieant that a

terminal alkyl@ipstRdtsliBe@ s @ garfeat ehexpansateint theabtalkuiaber dneifiin Bingroup is a
hydrocarbon R"J\ﬁ%%&?e%rt E‘lf-?é?%‘@@%ﬁ‘él Qﬁe%%{‘gé”z‘%'r'u‘é %§n not exceed 10. The divalent

alkylene ethers are represented by the formula -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 group
-CH,-O-CH,-. Polyether moieties include, but are not limited to, divalent groups of the
formula:

~(CH,(CH,),0)—

wherein x is an integer from O 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 directly finked to a
terminal oxygen atom on an adjacent group to form a peroxide linkage. In other words,
peroxide linkages (i.e., -0-0-) are not contemplated when polyether spacers are linked to
any of the terminal oxygen containing substituent gfoups set forth under R® to R*? above.
R? to R can also independently represent hydrogen, linear and branched
(C, to C,,) alkyl, so long as at least one of the remaining R? to R*? substituents is selected
from one of the polar groups represented above. As is noted with regard to Formula W, p
is an integer from 0 to 5 (in one embodiment 0 or 1, in another embodiment 0). R*
independently represents hydrogen, linear and branched (C, to C,,) alkyl (e.g., -C(CHz)),
-Si(CH3), ~-CH(RP)OCH,CH,, -CH(RP)OC(CHy);, linear and branched (C, to C,)
alkoxyalkylene, polyethers, monocyclic and polycyclic (C, to C,,) 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 group is a hydrocarbon based ether moiety that can be generically
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2 3 JUN 2006 represented as -alkylene-O-alkyl wherein the alkylene and alkyl groups independently
contain | to 10 carbon atoms each of which can be linear or branched. The polyether group can be
represented by the formula: fCH2(CH2),0}-Ra wherein x is an integer from 0 to %éyhli n_integer from
2 to 50 and Re represents hydrogen or linear and branched (C, to C10) alkyl. Poly&t lﬂglﬁs
include, but are not limited to, polyethylene oxide) and poly(propylene oxide). Examples of monocyclic
cycloaliphatic monocyctic moieties include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
dicyclopropylmethyl (Dcmp) and dimethylcyclopropylmethyl (Dmcp), and the like. Examples of
cycloaliphatic polycyclic moieties include, but are not limited to, norbornyl, adamantyl,
tetrahydrodicyclopentadienyl (tricyclo[5.2.1.0 2.6] decanyl), and the like. Examples of cyclic ethers
include, but are not limited to, tetrahydrofuranyl and tetrahydropyranyl moieties. An example of a cyclic

ketone is a 3-0%BtsRsBRdRsBkYEneSialyAh e tinelkylans i Akibgrerpsdisarardentievalonic
lactonyl moietysohtaiciuserd tarsapsesentatnofynin cinbesiseirfortramhee. imakigayeihdtP RP RP RP

wherein RP in the above f 8% j ps represents hydrogen or a linear or branched (C,
to C5) alkyl gr&ﬁ%‘%"ﬁﬁ‘é‘ Eec(f)érw %lar%@gésn gp{sgllfgrs%%%nts are represented, respectively, as follows: 7 -CH ,

and -C(CH3)2 A 17 2 3 JUN 2006 In one embodiment, the sacrificial polymers useful in practicing the
present invention encompass homopolymerst&Ra(€dbdiieRs containing random repeating units
derived from a monomer unit or monomer units represented by Formula 1, or

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. Polyether groups include, but are not

limited to, poly(ethylene oxide) and poly(propylene oxide). Examples of monocyclic

cycloaliphatic monocyclic moieties include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyi,

dicyclopropyimethyl (Dcmp) and dimethylcyclopropylmethyl (Dmcep), and the like.

Examples of cycloaliphatic polycyclic moieties include, but are not limited to, norbornyl,

adamantyl, tetrahydrodicyclopentadieny! (tricyclo[5.2.1.0 %] decanyl), and the like.

Examples of cyclic ethers include, but are not limited to, tetrahydrofuranyt 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

for representative cyclic groups set forth above include:

H,C CH,
© 0. B
Rp Rp : p

0 O

wherein R° in-the above formulae and cyclic groups represents hydrogen or a linear or
branched (C, to C;) alkyl group. The Dcpm and Dmcp substituents are represented,

respectively, as follows:

Y

-CH ,and -C(CHs),
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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) represented by Formula lll and copolymers comprising a combi §ti9m@f2meating
units represented by Formulae | and 11, Formulae | and Ill, Formulae Il and 11l or Formulae 1, 1l and IlI.
In one embodiment, the sacrificial polymers according to the present invention can contain from about
0.1 to 100 mole percent of silyl functional polycyclic repeating units, with the remainder of the polymer
comprising repeating units described under Formula Il and/or Formula lll. In another embodiment, the
sacrificial polymers according to the present invention can contain from about | to 50 mole percent,
with the remainder of the polymer comprising repeating units described under Formula 1l and/or
Formula lll. In yet another embodiment, the sacrificial polymers according to the present invention can
contain from about 3neEsembislipwretre saeilitial polymansuseftinemstichativopngsising repeating units
described undgydn@smetadipasiHorRpniwaeH oy )éebamm%oamhmgimmﬂ%méigmspolymers
according to tge resfent invention cantcontain from ?bout ) totZé) mpl?{ﬁj%g]ent, with the remainder of
the polymer c ﬁﬁ@ﬁ iﬁ%"’r@pnég% SANE G ORI NG SPREBT R aWar? StFofhula . In yet another
embodiment, tiemonehifieies opeppPIEMEBAPMaBNaTpRdam depaRting diyita datees from moriomrerene and

triethoxysilyl- Qritlp WABepresEMRia PEreRALIEANheMmBEoRMBRY BREosapHERIBeyRilgOrbonene. The
sacrificial polymers.accl:j(r)“rglggnlo ;esent invention can be addl{g)&gggmg{asfmcgn prising polycyclic

: ~repeatin ved from a monomer unit(s).represen
repeating units Hal A" Connected to oné another Vi b,gr-)ﬁniages hat are formed across the double

bond containezPpalYmeissigsBpneing arsielinatiencf seaeiipaianizaarpsaed ey Momtaed and I,
2,3-enchainmesirdlaé Badid M 2E8mdiBe1psidmessroayule palwmenized from appropriately

functionalized norboneie o ONANKSR Lie pesRNmel L SRglR LT EampRIEHBIaUP V1!
transition metal cata'in;/st system as(?(ﬁéscrl ez?fni?ﬁte&nati%nalfaPatg)nt Ap _[ca%’l%r'l Pub f’caﬁ%n No. WO
contain from about 0.1 to 100 mole percent of silyl functional polycyclic repeating units,

with the remainder of the polymer comprising repeating units described under Formula |l
and/or Formula lll. In another embodiment, the sacrificial polymers according to the
present invention can contain from about 1 to 50 mole percent, with the remainder of the
polymer comprising repeating units described under Formula Il and/or Formuila lll. In yet
another embodiment, the sacrificial polymers according to the present invention can
contain from about 3 to 25 mole percent, with the remainder of the polymer comprising
repeating units described under Formula Il and/or Formula lll. In yet another
embodiment, the sacrificial polymers according to the present invention can contain from
about 5 to 20 mole percent, with the remainder of the polymer comprising repeating units
described under Formula 1l and/or Formula ll. In yet another embodiment, the sacrificial
polymer comprises repeating units polymerized from norbornene and triethoxysilyl-
norbomene in a mole percent ratio of 80/20 norbormene/triethoxysilylnorbonene.

The sacrificial polymers according to present invention can be addition polymers
comprising polycyclic repeating units that are cor:necied to one another via 2,3-linkages
that are formed across the double bond contained in the norbornene molety of the
prepolymerized polycyclic monomer.

3 2 3 2.

Ey— &5
[

5 5 6
2,3-enchainment
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97/20871 to The BFGoodrich Company, published on June 12, 1997, which is hereby incorporated
herein by reference in its entirety. The polynorbornene polymers are useful because they have a high
(>350C) and sufficient thermal stability to accommodate a number of commonly d and other
semiconductor manufacturing steps such as plasma enhanced chemical vapor dep%g @8cvD) of
SiO2 and low temperature copper annealing, and has a decomposition temperature close to its T9,
thereby limiting movement which might damage the semiconductor device. In another embodiment,
the sacrificial polymer is a polycarbonate polymer containing repeating units according to the following
general formula of: O O - R O L n where R represents linear and branched (C, to C20) alkyl,
hydrocarbyl substituted and unsubstituted (C5 to C12) cycloalkyl, hydrocarbyl substituted and
unsubstituted (C6 to C40) aryl, hydrocarbyl substituted and unsubstituted (C7 to C15) aralkyl, (C3 to
C20) alkynyl, linear %%Fﬁﬂ%«é’ﬂ%@"t&"@m BREITRM ARErePriately el aizath BEtbeg®0e0. In another
embodiment, misegealitotizeiprédaadé bﬂdﬂ&;lémyemamhﬁbmm“bemn traisiBspiAeial2 to about

1,000. In a”“@é‘t’é%ﬁ‘Qféfgﬂeé%tdgé‘érﬁéﬁrﬁ'ﬁ@ﬂ? ﬁg?e?tc& fealidh Mf%%‘j (§ tlagi}ﬁg repeating

units accordlr‘;%7 wing general formula o IC-O-( 3 JUN 2006
where R repr é%@ﬂ%@apﬁrﬁi g%‘f?éﬁ@@?@p?&bw%ﬁaﬂd H?dr‘&?a?%ﬂ%%?b&h‘ﬁ?éa hgrabyinsubstituted
(C5 to C12) cystogiksdtdayienebabyykfantrstd indid emtiletynsubstituted (C6 to C43) aryl, hydrocarbyl

substituted and unsyptiG GoriBre hakAididle GsdriPob @Rt &¥P Have a high (>350°C) and
sufficient thermal stability to accom\modate a number of commonly employed and other
semiconductor manufacturing steps such as plasma enhanced chemical vapor deposition
(PECVD) of SiO, and low temperature copper annealing, and has a decomposition
temperature close to its T,, thereby limiting movement which might damage the
semiconductor device.

In another embodiment, the sacrificial polymer is a polycarbonate polymer

containing repeating units according to the following general formula of:

I—
_ |

n
where R represents linear and branched (C, to C,,) alkyl, hydrocarbyl substituted and
unsubstituted (C; to C,,) cycloalkyl, hydrocarby! substituted and unsubstituted (Cg to C,)
aryl, hydrocarbyl substituted and unsubstituted (C, to C,s) aralkyl, (C; to C,,) alkynyl,

linear and branched (C, to C,;) alkenyl and n is equal to 2 to about 100,000. In another
embodiment, n is equal to 2 to about 10,000. In yet another embodiment, n is equal to 2
to about 1,000. ’

In another embodiment, the sacrificial polymer is a polyester polymer containing

N

repeating units according to the following general formula of:
i

C—R—C—0—(CH,)—O0

19



linear and branched (C, to C2D) alkenyl; x is an integer from | to about 20; and n is equal to 2 to about
100,000. In another embodiment, x is an integer from 1 to about 10 and n is equal to 2 to about
10,000. In yet another embodiment, x is an integer from 1 to about 6 and n is equal to 2 to about
1,000. In another embodiment, the sacrificial polymer is a polyether polymer corgagningy rgpgating
units according to the following general formula of. n where R20 and R27 independently represent
linear and branched (C, to Cm) alkyl, hydrocarbyl substituted and unsubstituted (C5 to C,2) cycloalkyl,
hydrocarbyl substituted and unsubstituted (C6 to C40) aryl, hydrocarbyl substituted and unsubstituted
(C, to CO aralkyl, (C3 to C20) alkynyl, linear and branched (C3 to C20) alkenyl and n is equal to 2 to
about 100,000. In another embodiment, n is equal to 2 to about 10,000. In yet another embodiment, n
is equal to 2 to about 1,000. Such polycarbonates, polyesters and polyethers can be used as sacrificial

materials in thbgpeaseaprenensitieNesallgariited (@b e padieinegiosabyesubstiteanargppropriate

physical or chgisakmeitechdonamING: IR pERIG GAE BkusailiL REKE 3 pattermed

surface of a polycarbonate polymier. ally, laser ablation, wet etc mgﬂ printing, hot
embossing, BRABTRY! %@H‘eﬂrﬁ’?ﬁﬁﬁ’?ﬁ?ﬁi“‘ﬂ%f&iﬁ?@%wga%EP iAWY lereate or produce
a patterned ldigearcinarteamichedri€ ofo e allengd: misrindntegesdioniiditd abateda)anthrois@equabodiment, the

polycarbonatg, sagrificial pYDE! AfMRHRISSANIMERIOR 4% RRISHIREN 9T BRNEHY SRR, Garbonate

(PEC) and polypro%rlﬁene carbonate. In another embodiment, the sacrificial polymer of the present

9 fdthapt AR 00P 2 ik B BEIS SO BRE S FLINRER AR hitaReR}8te polymer is

invention can®Bt3h
a polymethylantHiseqdatéo@aiyaveut AMAB JUN 2006 In one embodiment, the methacrylate or acrylate

polymer of the presgnk igysi énboditert AsLIREMPENMEF BRANRBPIAARL WbhtARRP00- In another

embodiment, the methacrylate or acrylate ol%mer of t e pr sentinvention has a molecular weight of
about repeating units according to the following general formula of:

%O*RZ"——O—RL‘—O{{——
n |

~ where R® and R*' independently represent linear and branched (C, to C,,) alkyl,
hydrocarbyl substituted and unsubstituted (C; to C,,) cycloalkyl, hydrocarby! substituted
and unsubstituted (C; to C,,) aryl, hydrocarbyl substituted and unsubstituted (C, to C,s)
aralkyl, (C, to Cy) alkynyl, linear and branched (C; to C,) alkenyl and nis equalto 2 to
about 100,000. In another embodiment, n is equal to 2 to about 10,000. In yet another
embodiment, n is equal to 2 to about 1,000,

Such polycarbonates, polyesters and polyethers can be used as sacrificial

materials in the present invention because they can be patterned on a device by an

appropriate physical or chemical method. For example, reactive ion etching can be used
to provide a patterned surface of a polycarbonate polymer. Additionally, laser ablation,
wet etching, direct printing, hot embossing, screen printing, pattern printing, and
photolithography can be utilized to create or produce a patterned layer of one or more of
the above-mentioned sacrificial materials.

In one embodiment, the polycarbonate sacrificial polymer of the present invention
is selected from polyethylene carbonate (PEC) and polyproplyene carbonate.

In another embodiment, the sacrificial polymer of the present invention can be a
methacrylate or acrylate polymer. In one embodiment, the methacrylate polymer is a
polymethy! methacrylate polymer.
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10,000 to about 500,000.. In another embodiment, the methacrylate or acrylate polymer of the present
invention has a molecular weight of about 100,000 to about 250,000. In another embodiment, the
sacrificial polymer utilized in practicing this invention is a negative or positive photo-sensitive sacrificial
material. The photo-sensitive property of such a polymer can either be inherent i@@emc%' ial
material utilized or can be conferred thereto by the addition of one or more photo-sensitive materials. It
is believed that the sacrificial polymers utilized in practicing this invention are suited as sacrificial
materials in semiconductor device manufacturing because the material thermally decomposes close
to its T9. In other words, the polymer remains mechanically stable until the decomposition
temperature is reached enabling the polymer to endure the rather harsh processing steps (e.g.,
repeated heat cycles) during semiconductor manufacture. The disadvantage with the prior art

polymers is that theilTons grabadimentidhe methasadate posiiriaeriyarafihs REsgRidreenticohanical
failure before Hae slarmopasHiashtemMRIAN 0B0dBebEDod0b0epraddménensidmisiRaldinic sacrificial

polymer materi ' bee by incar fl I inj eating units that
contain pendarrﬁém%r%%zt?k@lar} #%%?Qnﬁ%raﬁé%r%[%%ﬁéﬁ%%@éqz\lé%%rﬁfﬁ%Rs’ﬁ is?i%tﬁ@r? Minto the
sacrificial polyfePOBiRRBBHSR LR BAPRIBRTGMRadRE e etharayiie Yiassriateep yargepéloolefinic
polymer can béhsigrasaaibediorehesl a Fivde dalapwglstibbabtatmoereore abpal 2stepsocontaining 80120

mole percent of norbpme ARG RS NRLPORARGAHRERY mmk%'anf‘é&@ﬂcﬁl‘fjd%ﬂﬂéi Siesl Y

approximately 30C by replacing the norbomene repeating units_in the copolymer with repeating units

containing perfiaFAaiE A" ARBIIE BRoiRcRRIIve sertfisty) malsTiak JhrphRte-seBr e Rt thermal
decompositionstemperiyore tan @itbepis jrhercabint thaisapifietsi neate dahetiizdd ethwaysdylnorbornene in a

mole percent rgsjadhfed e BIFEESHIRAPICOnY/S: RPEshdRALIAG e sAmARRition temperature of the

copolymer can be lowered even further (up.to approximatel 100Cé biy,replacing the norbomene
repeating units In thétdﬁﬁslfﬁﬁ?grﬁ\'ﬁﬁfp?e%&%ﬁ Eﬁﬁg‘?{(ﬁﬂﬂ%ﬂﬁ'ﬂ F5ing Qi3 IRIROER S Fescribed
under Formulastited essnsdfiginbnaisfialeibsemyicanduater devcenvenofagiuaiig/becatsnthe have thermal
decompositionyafeng RlmempPicafip AR RaiGo itEFPERbRY whiss PRIRP AR FdRRIMde ester,
carbonate, andm%%ﬁgﬁga )9 ls)tsaila‘elaj %Hﬁ?tﬁg getcr(])%)position temperature is reached enabling the polymer
to endure the rather harsh processing steps (e.g., repeated heat cycles) during
semiconductor manufacture. The disadvantage with the prior art polymers is that their
T,'s are well below their decomposition temperatures, leading to mechanical failure before
the decomposition temperature is reached.
With regard to the polycycloolefinic sacrificial polymer materials, it has been found
that by incorporating polycycloolefinic repeating units that contain pendant hydrocarbyl
(Formula W) and/or pendant polar (Formuia Hl) substituents into the sacrificial polymer
backbone the decomposition temperatures of the silyl substituted polycycloolefinic
~ polymer can be significantly lowered. The decomposition temperature of polymers
containing‘BOI‘gO mole percent of norbomeneftriethoxysilylnorbonene (approximately
430°C) can be lowered by approximately 30°C by replacing the norbornene repeating
units in the copolymer with repeating units containing pendant linear and/or branched (C,
to C,) alkyl substituents. For example, the thermal decomposition temperature for a
copolymer containing butylnorborneneftriethoxysilylnorbornene in a mole percent ratio of
95/5 is lowered to 405°C. We expect that the decomposition temperature of the
copolymer can be lowered even further (up to approximately 100°C) by replacing the
norbomene repeating units in the copolymer with repeating units containing the polar
substituents described under Formula Hll. Homopolymers of norbornyl acetate and
norbornyl ethyl carbonate have thermal decomposition temperatures of 356°C and 329°C,
respectively. The polar groups include ester, carbonate, and acetate substituents and the
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21 2 3 JUN 2006 like. To effect lower decomposition temperatures of the silyl substituted polymers,
the polymer should contain about 50 mole percent of polycyclic repeating units having pendant
hydrocarbyl or polar functionality. In another embodiment, the polymer should contain greater than 50
mole percent of polycyclic repeating units having pendant hydrocarbyl or polar fugctiopality. In yet
another embodiment, the polymer should contain about 51 to about 99 mole per ttﬁ‘lﬂg clic
repeating units having pendant hydrocarbyl or polar functionality. In still another embodiment, the
polymer should contain about 65 to about 80 mole percent of polycyclic repeating units having
pendant hydrocarbyl or polar functionality. The aforesaid sacrificial polymers can be heated to above
their decomposition temperature, typically in the range of about 380C to about 450C, to cause the
polymers to decompose into their decomposition products which can diffuse through various

materials used ol helER1RYEH e PIReT UL ARREEANGRS P d R §1M ARPAIHSLRONME RIS olymer
dielectrics suchpalgmdictulicsadtaisiloan Fimdie miticant dpatiaydis reoBatingamits btvrg spin-on-glasses
(e.9., methylsil3aagaipkadire Vs KIS RBRARERG S MGG dhtidingti aBixadlisgasioxane), and

lyimides, f le, Olin:Ciba Geigy (OC bimide(r) 293 and 412, Amoco Ultradel(r) 7501
ot DuPort by AT SEE! GBE PO PATOTR S BBMTARA NS OO used i e

present inventibdeocptiytes patsrifunctivnality gvivet enstherrmigdinenththe pplysretshoult cintgaps In a
variety of electrigg| ;1 dq\ir §50angaNABIC BEREBNDI B RILT SIERlHE I BERRY SEHiadR integrated circuits
and other elec%%[;ic %?lka%e?. 'I;he ﬁir ags mz.i( be pysed Olt;] gf oii/tt sid?s of a cogductiv,e member
or members In BET SRR AR PARE ?&%‘ ind S ARYRRY &MYRS "S?B'l & BOSRPRRAS RO~ ator with
dielectric constabeut@srie@iiputidsnaterpaisent of pelyaywitheepaatingoditsdavingeendrattric constants can
be less than ahgudeablin drioraratimetiopagodiment, the dielectric constants can be less than about

N N e T
temperature, typically in the range of about 380°C to about 450°C, to cause the polymers
to decompose into their decomposition products which can diffuse through various
materials used to form semiconductor devices including air gaps. The materals include
polymer dielectrics such as silicon dioxide, silicon nitride, silicon oxynitride, polyarylene
ether, spin-on-glasses (e.g., methylsilsesquioxane (MSQ), hydrogen-silsesquioxane
(HSQ), or a mixed silsesquioxane), and polyimides, for example, Olin-Ciba Geigy (OCG)
Probimide® 293 and 412, Amoco Ultradel® 7501 and DuPont Pyralin® 2545, 2611, or
2731. In one embodiment, the dielectric polymer used in the present invention is
photosensitive.

The forgoing methodology can be applied to form air gaps in a variety of electrical

- devices and particularly in relation to electrical interconnects in integrated circuits and

other electronic packages. The air gaps may be used on opposite sides of a conductive
member or members in both interplanar and intraalanar arrangements to provide a low
dielectric insulator with dielectric constants get';erally less than about 2. In another
embodiment, the dielectric constants can be less than about 1.5. In yet another
embodiment, the dielectric constants can be less than about 1.25. In still another
embodiment, the dielectric constants can be less than about 1.0. The lower the
capacitance, the faster the electrical signal can be transmitted through the conductors and
the lower the crosstalk between conductors.

The above-mentioned sacrificial polymers are advantageous because generally
they leave little or essentially no residue. However, some residue may be desirable. For
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the tower the crosstalk between conductors. The above-mentioned sacrificial polymers are
advantageous because generally they leave little or essentially no residue. However, some residue
may be desirable. For 22 2 3 JUN 2006 example, a thin film of S102 (or T102 if Ti is used In place of
Si in the functionalized norbornene) may be left to insulate the electrical condug}c#rsrm control
corrosion. Actual tests have shown about 100 A of residue when 5 vm of material’are He?ﬂ%posed.
Figures 2A-2F illustrate one possible method of forming an air gap or region between two conductive
regions or elements, such as metal lines, according to the present invention. In Figures 2A and 2B, a
patterned layer of sacrificial material 30 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_bas e/.s an insulating layer of SiQ2 that may overlie the
devices on an%i@@?%tgz%?rg%ﬁogé'ag( %t@b?v%! f‘?/é’lé?% sep%}f(;%lfig'éi%%zﬁﬁ é??ﬁ'ézgﬁbstrate may be a
semiconductoM@RRINGIRICRaN b 68 teisHiethe GirelficalnaBilelpsS aicaatsokeriresionr Aetmiconductor

elements (as agaty/REVEPIORNRBBEt 200 .AA% @eiaiesachin Bigrer ARy arfDaRtMIsel the sacrificial
material 30 is deposited, on ﬁﬂ?zﬁlﬁﬁlssﬂ%‘tteo%%-J;Qé‘?bf%%}’eﬁm%ad&r?&mn T Sitable manner, for example,

by spin coating, spra)}%g, meniscus, extrusion or other coating methods, _reées%og'f or laying a dry
film laminate oPEYMERD $UPSARIHCIR regian B elementfe JHSR AL S IRSapFsatdNAtatisatterned to

Erodu%e the p&ﬁ@?ﬁﬂdm}ammfIHWEi@ﬁéﬁiﬁAiahMQd@bﬁ@nﬁtﬁﬁ?&tﬁéﬁﬁﬁ%tﬂdﬂ&@ﬁ&%%ds tob}he
esired patter ope.qr ir.gaps to he i ' ctor device. Any spitable
technique car:} %’%“ﬁfé’a fo pa{%r?% ?%'e@éeﬁ%?é%cn |c%%¥r?l§¥§%g# glﬁ]g L?Lf Fr?gﬁj,y???r‘ g‘)%(ﬁﬂéy Ejaeser
ablating, etchir®§, tteatteredpatatinl fhaeHestratey My B 2 Base iavat o5 afayRipbBatedae photosensitive
to facilitate patteeniyigg nbaigLege? Cuch By s DEcatinY Riyee oSt tAktIdayiover e bediaest, the

conductive male/iallAdheilileAE RALRGMNC B HAspaeH Bsh AL S LinatmatiAle 30 This
may be done by anysuitable technl%ue including, for example, metal sputtering,
a semiconductor wafer which may, for example, contain transistors, diodes, and other
semiconductor elements (as are well known in the art).

As depicted in Figure 2A, a uniform layer of the sacrificial material 30 is deposited
on the substrate 32. This may be done in any suitable manner, for example, by spin
coating, spraying, meniscus, extrusion or other coating methods, by pressing or laying a
dry film laminate onto the substrate, etc.

In Figure 2B, the layer of sacrificial material is patterned to produce the patterned
layer of the sacrificial material 30, the pattern of which corresponds to the desired pattern
of one or more air gaps to be formed in the semiconductor device. Any suitable technique
can be used to pattern the tayer of sacrificial material, including, for example, laser
ablating, etching, etc. The sacrificial material may be of a type that is or may be made
photosensitive to facilitate patterning.

In Figure 2C, a layer of conductive material 34, (in one embodiment, the
conductive material is a metal) is deposited over the patterned layer of sacrificial material
30. This may be done by any suitable technique including, for example, metal sputtering,
chemical vapor deposition (CVD), physical vapor deposition (PVD), electroplating,
electroless plating, etc.

In Figure 2D, the metal layer 34 is planarized as needed by any suitable technique
including, for example, chemical-mechanical polishing (CMP). If CMP is used with the
above-described polynorbornene polymer, and other polymers as well, a layer of silicon
dioxide can be applied to the surface of the sacrificial layer to provide an etch stop.
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chemical vapor deposition (CVD), physical vapor deposition (PVD), electroplating, electroless plating,
etc. In Figure 2D, the metal layer 34 is planarized as needed by any suitable technique including, for
example, chemical-mechanical polishing (CMP). If CMP is used with the above-described
polynorbornene polymer, and other polymers as well, a layer of silicon diOXideégnéi@ lied to the
surface of the sacrificial layer to provide an etch stop. 23 2 0 JUN 2006 In Figufe*2E, aéJ anent
dielectric 36 is deposited over the patterned layer 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 planarzed before or after
removal of the sacrificial material. The permanent dielectric layer, for example, may be silicon dioxide,
polyimide or other material. The permanent dielectric layer may be deposited by spin coating, spray
coating or meniscusrcoigure 2y pipsitgansi gietestdaShrleidenpsitedioyelifwopatiemed Ispdveifit), chemical

vapor depOSiQQ&if@l%ﬁﬂﬁe@i@lr}@mﬁﬁ' tﬁ@ﬁ{aieﬂhwm.r %B%ﬁ%ﬁwﬁﬂ#ﬁ%}ﬂf@ﬁ@?de@ﬁ&%&%ﬁh‘r)]d- As
seen In Figure 2 e metal layer can be conyenieptly formed with.a height less than the height of
the adjacent gascoﬁﬁc‘ﬂﬁnaa %ﬁ%\%ﬁs&\?iﬁaﬁg{g’s&% glri;e:{éél Pfﬁ?s'ev?/m%eesﬁ slr?e#aﬂ?eg'gﬁ%lti?ﬁfig%nd above
the tops of th&he eeaersy digleetitdaueisnayderplaneiized pelere atiegrmpvalebthe esstibisinlate could
have trencheg it dithe [RiffiénantRAsiedRCRG SRP /IR tne Patmtamiitirisassifimidnaterial, so
that the resultant air i tend belgw.the metal le located.on lands on the substrate
between the.ofr%ttﬁg ggsae.}%%g ;lraﬁzé: A rﬁggﬂ\g}?&c\g c(i?g yreernq%%zbg 'ﬁw%%ﬁ%ﬁ%%s ermanent distéctric layer

36 to form therating2pasBiseysEertindifyrisribeusing theesasHigphmataral diseaedraseivents, in one
embodiment, ceesisaplisbarcibyod R plbsE @TRASHIDthanitH RSpOCRPIHIvh CoRRIPRESRE

e o oo B atRet ik Re UL L0k ResalA0 98 flelialiflay b teAUHBIRY b ARl 412 o
the sacrificial materials of the present invention wi | ' undergo therma decomposmon at temperatures

on the order Seigbblesariche heigbtpEire\adiacearasaiiciaiaatetrtudvethbaarrietiatediiaps of the
resultant semidibresiutt iorabtnagtsitieati©dédd abtive the tops of the metal leads, as is desirable to

reduce capacitive coupling. Also, the substrate could have trenches formed therein in a
pattern corresponding to the pattern of the sacrificial material, so that the resultant air

- gaps will extend below the metal leads located on lands on the substrate between the.
trenches.

The sacrificial material 30 is removed through the permanent dielectric layer 36 to
form the air gaps 38 as shown in Figure 2F. The removal of the sacrificial material is, in
one embodiment, accomplished by thermal decomposition and passage of one or more of
the decomposition products through the permanent dielectric layer 36 by diffusion. As
above indicated, the sacrificial materials of the present invention will undergo thermal

- decomposition at temperatures on the order of about 450°C, and lower, with essentially
no residue being left in the air gaps of the resultant semiconductor structure 40. Also, the
decompasition products are diffusable through many dielectric materials useful forming
the permanent dielectric layer, including polyimides.

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 permanent dielectric will normally increase with temperature.

In one embodiment, the sacrificial material is decomposed at a relatively slow rate.
Iin one embodiment, the heating rate is between about 0.5 to about 10°C/minute. in
another embodiment, the heating rate is between about 1 to about 5°C/minute. In yet
another embodiment, the heating rate is between about 2 to about 3°C/minute.
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decomposition products are diffusable through many dielectric materials useful forming the permanent
dielectric layer, including polyimides. 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 t?éﬂgﬁ&anical

strength of the permanent dielectric. Increased temperature Will generally aid diffdsi @Qﬁffusivity of
gas though the permanent dielectric will normally increase with temperature. In one embodiment, the
sacrificial material is decomposed at a relatively slow rate. In one embodiment, the heating rate is

to about BOC/minute. In yet another embodiment, the heating rate is between about 2 to about
3*Clminute. 24 23 JUN 2M As will he appreciated, the air S may contain residual gas although
generally the residuAP JLTE AR R B AL SRt AP RS AR S AULeHat, Sl 1o prevernt
such exchang#eoesifsbgasanlifeestvadnexchanssiwitl #rertguevior Sxpsmsie Petakendouum in the air
gaps. For exagigl@ntRachrsniranss! Godistosett @idIaMt astuesie biterpgat 16t 6RAAHIONG 1 extract
any residual gas from, tl&ﬁeaaifrr%gcgss ogéf;gl%iqn Tﬁ otheric %sé%getthr?u h th% overcoat Ia%]er 24 or
otherwise, afte PRIHTH e sermiconductor sPrS_b UFE T ay pe coafe'&' L)’/ra'gﬁ%aglse"g’(?g‘ﬁ?gt aterial
blocking any fiagisipeeidiinoio gulsed anvoieguNoey Brtothe afgamsdivaiffusionensttenductor structure

is sealed, it maydaagsuhingie théodetaudiReraas aiNenRRE aifterSMabhakcimRBAERKIEIY an inert gas

(e.g., nitrogen), to fill the %%ggt%g\%th sucthbgas. In another Fb%tg%:jmenrtqft e semlcondpctor structure

can be subjec éﬁ'?g"t?]g' Necessar ’éééHq'Sosﬁt‘T‘Sﬁ 'Pé’nq‘r?e?g Lre WG Containe a|?‘~"1ng"ﬂea?mosphere

which will enadfieesioHaR e rxHseRbIRYAr oBsiRtcdherisraisarduRier Sivteindssealedni maydeps formed
during decompaqsjéietad ks exatrofEe garcatnostanel it sicstiecoraimesaijasteds @.gecomposition in
an oxygen atn]‘%&)&%gtglh@tglgﬁgé&qusphere will, for example, yield hydrophilic air gaps.
- As will be appreCIatl?ldénfgtﬁgregrr?brgc(i:iﬁnseﬂtr.]g‘\gtseepn?icrgna uct;)tgrr')s?rg&[lrpeegl? getgﬁbjected to the

necessary decomposition temperature while contained in an atmosphere which will

enable exchange or absorption of one or more reactive molecules into the air gaps

formed during decomposition. For example, the semiconductor device can be subjected

to decomposition in an oxygen atmosphere or a SiH,. An oxygen atmosphere will, for

example, yield hydrophilic air gaps.

As will be appreciated, further processing steps may be performed on the
semiconductor structure 40, for example to form additional layer of interconnection in the
semiconductor device.
‘ Those skilled in the art will also appreciate that other techniques may be employed
to remove the sacrificial material, although less desirable and/or dictated by the type of

sacrificial material utilized. The sacrificial material could be a photoresist that will

decompose’,in oxygen (or more generally air or some other oxygen-containing

atmospﬁere. or including an oxygen plasma or ozone). In connection therewith, a

permanent layer may comprise, for example, a silica-based xerogel with a 10-90%

porosity enabling passage of the oxygen into contact with the photoresist. The oxygen

moves through the silica-based xerogel to reach and react with the photoresist to convert

it to a gas that passes out through the silica-based xerogel.

In Figures 3A-3F, a method of forming an air gap or region between two

conductive regions or elements, such as metal lines, according to another aspect of the

invention, is diagrammatically illustrated. In Figures 3A and 3B, a pattemed layer of

conductive material 50, such as aluminum, copper, gold, etc., is formed on a substrate 52.

Again, fhe substrate may be a base layer or a layer of material overlying a base layer
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semiconductor structure 40, for example to form additional layer of interconnection in the
semiconductor device. Those skilled in the art will also appreciate that other techniques may be
employed to remove the sacrificial material, although less desirable and/or dictated by the type of
sacrificial material utilized, The sacrificial material could be a photoresist that will %egﬁmpﬁ%) in
oxygen (or more generally air or some other oxygen-containing atmosphere, or including an oxygen
plasma or ozone). In connection therewith, a permanent layer may comprise, for example, a
silica-based xerogel with a 10-90% porosity enabling passage of the oxygen into contact with the
photoresist. The oxygen moves through the silica-based xerogel to reach and react with the
photoresist to convert it to a gas that passes out through the silica-based xerogel. In Figures 3A-3F, a

method of forring.aj ﬁglﬁ%%fag% %St'ﬁuj‘b‘iﬁwa‘%‘?ﬂaé"‘é eff ig#?é‘ﬁéi\)‘;ge@?&ioﬁg\sfrﬁljé e;'ggt[@aeé‘tsqi_f“‘:h as metal

|

lines, acchoﬁtr'l_g to another aspect of the “invention, is rammatica _ ed 1R Figures 3A and
313, a patte BN ERYNEoRUMENRL $REGHA S} 80P G e SLRSHRIMAN PR SrisBRicgBRlcaE., Is formed on a
substrate 523vafsgaihich heagLiostaimpleaydatia hassstayetiodes |ayeoofensieniimavetdying a base layer

252 3 JUN %% 6€§{§3,Qr?)a.asb%%%g§“ém% iﬁ%/gﬁ_of Si02 that may overlie the devices on an integrated

circuit chip (not shown). By way Ific example, the substrate may be a semiconductor wafer
which may, for exahipierietsdtimRigR SatGryninan iy enptRRRIMEHYR AIRtRRAbPOdsements (as are well
known in thejgsbsAeddentiséadibabigumisMmay beideneinaygrsufiibe rrndugfuednaplilbg0 is deposited

on the SUbsaR, sTé‘JEeWﬁﬁf %ev% 4P BhaMe SHLIAN BN MRlndR  SIATIRIS Quofhlel sputtering,
chemical vapor depositio ﬁ@i plating ? articularly électrofess p atlng) or other methods. In Figure
3B, the layePBHe@H-RIRBGETRERATalIBHIRISARHEPKST PECRSRAISHALPHR R¥IRIRIIN® material
correspondipeptindbe detéracdiiatenndictveermatens reredeptndiag do freuddsiredqmatterietfibhiees, leads,
regions, etc.o {5 IERIREHIRIRRCRHSCENHBEIANES EaRs ABYoHA BRI CHPEE RIAHELRHRS uSed to
S R e o AR S T S e e R S S UL s
conductive material, including, for example, Iasef ablating, etching, etc.
In Figure 3C, a layer of sacrificial material 54 is deposited over the patterned layer
of conductive material 50. This may be done by any suitable technique including, for
example, spin coating, spraying, meniscus, extrusion or other coating methods, by
pressing or laying a dry film laminate onto the substrate, etc.
In Figure 3D, any excess sacrificial material overlying the tops of the conductors
50 is removed and the sacrificial layer is planarized, as needed, by any suitable technique
including, for example, CMP, reactive ion etching, etc.
In Figure 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 ébové in respect of the method illustrated in
Figures 2A-2F, the sagcrificial material is removed through the permanent dielectric layer
to form the air gaps 58 as shown in Figure 3F. Again, in one embodiment, the removal of
the sacrificial material is acconﬁplished 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 sacrificial materials of the present invention will
undergo thermal decomposition at temperatures on the order of about 400°C, and lower,
with essentially no residue being left in the air gaps in the resultant semiconductor
structure 60. Also, the decomposition products are diffusable through many dielectric
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In Figure 3C, a layer of sacrificial material 54 is deposited over the patterned layer of conductive
material 50. This may be done by any suitable technique including, for example, spin coating,
spraying, meniscus, extrusion or other coating methods, by pressing or laying a dry film laminate onto
the substrate, etc. In Figure 30, any excess sacrificial material overlying the tops of theypangiggtors 50
is removed and the sacrificial layer is planarized, as needed, by any suitable technique including, for
example, CMP, reactive ion etching, etc. In Figure 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 illustrated in Figures 2A-2F,

the sacrificial maletias Bl MBATREIHIBhREIMRRRIISIECHE B I IRERL IR gaPs 58 as

shown in Figure 3F. Again, in one embodiment, the removal of the sacrificial materia ccomplished

by thermal decRPR RGNtk athydedliolrs mavrismr e BPIE Lo EmPUs B AasF gt s through the
permanent dielaaterialasiah 56 the aiiénsiomifesbescsbediaaies, the sacrificial materials of the present

invention will undergRdaREASRCHRARIUANAL IRAPEIRIMISRAR DR ARE A ALSHL F09fpnd lower,

with essentially no residue belr;(?aleft In the air gaps In the resultant semiconductor structure 60. Also,

the decompositibi?'Braa AL RF UG SAMAUPITR HsIhAY R 8RR B1§ 536THIGR] BatsEidtaterials useful in
forming the pedisamssat iicletail abtvge rThisctueimg anodpenifitemeihvied inaslvat theestapsoatted, other

techniques may also pe empipygd WAerBRYR, nisRASIRG) WAL SU6h @mmm@rpggeégtggmiques

described above. Referring ngw to Figures 4A-4H, there is illustrated a specific exam a method

of forming air dAHSYRIHARN,) e T RETRissIRY Lbsdiset S dipgeeamisRmealmaterieiscussed in
detail above. This ex@mplaly EgetfiBnacthwiddial oiatedallTe Srethés afstante Rigtred® A, a clean, polished

silicon wafer 7QdfM586HtaHE pEIgR RPN oHeiGHB A Aak A tpihsdaniigipvoray b iagrdsRd including

ceramic or me%& er,aFc?rrieaxlasl%'ple at 1000 to 4000 rotations per minute, and dispensing a solution of the
sacrificial material and an appropriate solvent in which the sacrificial material is dissolved.
The solvent may be mesitylene, although other suitable solvents may be used such as
decalin or other hydrocarbon solvents. When pendant polar substituents are present on
the sacrificial polymer, propylene glycol monomethyl ether acetate (PGMEA) can be
employed as a suitable solvent. The spin coating produces a uniform, thin film on the
wafer having a thickness of about 0.2 to about 6 micrometers, with a uniformity less than
about + 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 remove the solvent. The polynorbornene polymer is then baked
at about 200 to about 300°C in nitrogen for one hour to remove the solvent.

3. In Figure 4C, a layer of plasma enhanced chemical vapor deposited
(PECVD) silicon dioxide 74 is deposited on the surface of the polynorbomene polymer 72
using standard conditions. Suitable gases are silane and nitrous oxide.

4, In Figure 4D, a photoresist 76 is deposited onto the wafer by spin coating,
soft baked, exposed, developed and then hard baked under standard conditions following
manufacturer's specifications.

5. In Figure 4E, the sample is reactive ion etched. The pattern in the
photoresist 76 is transferred to the silicon dioxide 74 by first using a fluorine containing
plasma. The polynorbornene polymer 72 is then etched by using an oxygen/fiuorine
plasma. During the process, the photoresist is also etched. After the polynorbornene
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2. In Figure 4B, a sacrificial material 72 (in this instance Avatrel(r) polynorbomene polymer) is spin
coated onto the wafer. Spin coating involves rotating the wafer, for example at 1000 to 4000 rotations
per minute, and dispensing a solution of the sacrificial material and an appropriate solvent in which
the sacrificial material is dissolved. The solvent may be mesitylene, although otI?g s‘%ijt@bé@ﬁolvents
may be used such as decalin or other hydrocarbon solvents. When pendant polar substi ts are
present on the sacrificial polymer, propylene glycol monomethyl ether acetate (PGMEA) can be
employed as a suitable solvent. The spin coating produces a uniform, thin film on the wafer having a
thickness of about 0.2 to about 6 micrometers, with a uniformity less than about 5% across the
sample. However, thicker or thinner films could be applied as desired for a given application. After the
coating is applied, the w t0o remove the solvent, The

aked in an oven jn ajr at about 100
polynorbore 8}5’8@{%‘?‘2‘ Fié'h‘ AR S f? 538‘?6“53’6 ieioo[onry ﬁﬂl%ﬁ% FRISAR hour to remove
the solvent. idxideimask4D)easkiyple @pmagmmm ehknaibanensapalpersias $REEV D) silicon
dioxide 74 |s,,qle@g§étgpl on the surface of the ponnorbomene polymer 72 using standard conditions.

Suitable gases are ilane and nitr xide. 4. In a photoresist 76 is deposited onto the
ot BRIz, R iafsunbs i

wafer by spin coatl K& %%ndd X'd SRR BORA RIS tandard

conditions folaégrjs MMJ'P&G{QE@(@ §9&4ﬁ%@190f?5t.h§.H?ﬁﬁmﬂe%ﬂpmﬁpmymﬁe&tlve ion etched.
The pattern inHbpraebssasesinlar o thitasstan Stetp3Rnoviieoacpintite difdoy tistisstiumeiluorine

containing pIa eo‘;l‘he %th%lgiﬁgtor %mefhzg ma(?bo tg&e skn% ogéygentfluorine

plasma. Durlng process S|st IS also tert e ynor omen 27 2 3 JUN 2006
polymer is et%'Pf@@ﬁH’QF?é’ &kﬂ@ﬁ@ﬂaﬁﬁéég'eé?ﬁﬂﬁmeﬂﬂgﬁa is used to strlp the silicon dioxide mask.
The sample now has onlyipeijaraaH, pndysanbly Retieatea vraaenipeRftusbo ghaaier flightredF. 6. In Figure

o IR L (AL e L BRI RO ISR o el 75 e bdRAay g A posited onto
the patterne polynorbornene 0
decomposes and one or more of the gaseous decomposition 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 Figures 5A-5H, there is illustrated a specific exampie of a method
of forming air gaps between metal lines of an electrical interconnect device or layer using,
for example, a polynorbornene polymer. This exemplary specific method involved the
steps of:

1. In Figure 5A, a clean, polished silicon wafer 90 is used.

2. in Figure 5B, a 1000A chromium layer foliowed by 2000A of gold is
sputtered onto the wafer 90 to form a composite chromium/gold layer 92. The sputtering

" may use direct current (DC) sputtering.

3-7. InFigures 5C-5F, a layer of a sacrificial material 94 (in this instance the
sacrificial material is a polynorbornene polymer) is applied and patterned using silicon
dioxide 96 and photoresist 98 as described above in Steps 3-7 of the method illustrated in
Figures 4A-H. '

8, In Figure 5G, the sample is similar to the sample at Step 8 of the method
illustrated in Figures 4A-H, except that a Cr/Au layer 92 lies under the polynorbomene
polymer 94,

9. In Figure 5H, gold is plated until its height is the same as the height of the
polynorbornene polymer 94. The Cr/Au layer 92 serves as an electrical contact and base
for the plating of gold between the regions of polynorbornene polymer 94. The
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The process is similar to that used in Step 3 above to deposit the silicon dioxide on the surface of the
polynorbornene polymer. The polynorbornene polymer is now totally encapsulated in a permanent
dielectric material 78. 7. In Figure 4H, the sample is heated to a temperatures greater than the
decomposition temperature of the polynorbomene polymer 72. The sacrificial mate\r/’g}s decomposes
and one or more of the gaseous decomposition products diffuse out through the o todtnékSrial 78.
8. The result is an oxide composite 80 including air gaps 82 completely surrounded by dielectric
material 78. Referring now to Figures 5A-5H, there is illustrated a specific example of a method of
forming air-gaps between metal lines of an electrical interconnect device-or layer using, for example, a
polynorbornene polymer. This exemplary specific method involved the steps of: 1. In Figure 5A, a

clean, polishedEsi icon wafer 90 is used. 2. in Figure 5% 000A chromjum layer followed by 2000A of
e et f

gold is sputtee @R{Bt'ﬂwc’emv%f%? ‘éﬁ’?d?grﬁﬁ'g%% 8 ?&Fﬁ‘iab?& é’j\%ﬁn .bﬁl?e“?ﬁl&tering may

use direct curﬁewhq@@%puﬁ%fring. 3-7. In Figures 5C-5F, a layer of a sacrificial material 94 (in this
instance the sacrificig] majgFjuk 8IPGY BOKPRYE AGORPIBRNGRRPEEDABFE RBSRENG LUSINg silicon

dioxide 96 an oresist 98 a cribed abgve i eps 3-7 of the method illustrated in Figures
A, 5, In IO B et DN B e LonRe i Cod NPT RHIR? Moktrated 1
Figures 4A-H, exceptlthat i Eigiig faly dregsampls ifbrated dorageropeertba arqitigrPern®ak 9. In Figure 5H,
gold is plated pu)ihiée dacightisri e amfons dingdpsight péthesrnalideenpaieanmaoivmeyrid. The Cr/Au

layer 92 serves s%ﬁ??)rt] S%%%Wﬁg%rg%%t%ﬁgz@se for the plating of gold between the regions of

polynorbomene polymer 006 electroplating may be done in a conventional,
p1-1+7.2 potassiumRRSATEGRRMELRINIgSBH-6!, there is illustrated a specific example of a method

of forming multi-layer air gaps in a layer of a solid non-sacrificial material. This exemplary
specific method involved the steps of:

1. In Figures 6A and 6B, a patterned layer of sacrificial material 110 is formed
ona subsfrate 112 by any suitable technique. This may be accomplished, for example,
by first forming a layer of the sacrificial material on the substrate 112 as depicted in Figure
6A and then patterning the layer, for example by etching or any other suitable technique,
to form the patterned layer of sacrificial material 110 having one or more *hills” formed by
the sacrificial material on the substrate with “valleys” formed between any two relatively
adjacent hills.

2. in Figure 6C, a second solid layer of a non-sacrificial material 114 is then
formed on the patterned layer in overlying relation to the patterned layer 110.

3. In Figure 6D, the sample is heated to a temperature sufficient to
decompose the s'acriﬁcial material 110 thereby forming air gaps 116. The sacrificial
material decomposes and one or more of the gaseous decomposition products diffuse out
through the second solid layer of a non-sacrificial material 114.

’ 4, ‘ in Figures 6E and 6F a second patterned layer of sacrificial material 118 is
formed on the second solid layer of a non-sacrificial material 114 by any suitable
technique. This may be accomplished, for example, by first forming the second layer of
the sacriﬁcial material 118 on the second solid layer of a non-sacrificial material 114 as
depicted in Figure 6F and then patterning the second layer, for example by etching or any
other suitable technique, to form the second pattemed layer of sacrificial material 118
having one or more “hills” formed by the sacrificial material on the substrate with “valleys”
formed between any two relatively adjacent hills.
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a phosphate buffer. 10. In Figure 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 Figures 4A-H. 11. In Figure
5J, the sample is heated to decompose the polynorbornene polymer 94 and form one or more air gaps
104 between adjacent metal lines 100 in the resultant semiconductor structure 1P§. Refepgisg now to
Figures 6A-61, there is illustrated a specific example of a method of forming multi-layer air gaps in a
layer of a solid non-sacrificial material. This exemplary specific method Involved the steps of: 1. In
Figures 6A and 613, a patterned layer of sacrificial material 110 is formed on a substrate 112 by any
suitable technique. This may be accomplished, for example, by first forming-a layer of the sacrificial
material on the substrate 112 as depicted in Figure 6A and then patterning the layer, for example by
etching or any other suitable technique, to form the patterned layer of sacrificial material 110 having
one or more "hills" formed™bfjiotie S5 crithirdistliddavan o MRO-SasUFREMAaTial 1R Bt med between
any two relatfushedaaljabesedulig. pattbmieihlayertCoehdaprabaton tbitheeseabadittesasdiiigig material 114

s then formaggpihie. G LRE IRLPUsHKadSIalan dPdhe BRTSIGH k2Ll 10 3. In Figure 6D,

the sample is heated to a temperature sufficient to decompose t lal material 110 thereby

forming air gaps 11%. The'R&kHie 8l theampladthrAlsdde s perti st HEflEBY e gaseous
decompositiafeqrodostsitiféaseficiat nibteriat hiththareby firsiofichiicgeps d22. nTie sacrifiial material 114. 4.

In Figures 6 apdiShésrpanet Bl e Iaveplrasifital malaisbibh Fodemestaskihg second solid
layer of a non-sacrificial materl%l@rlmﬁtf/ nay‘osunableﬁt*echnl his may be accomplished, for
example, by HV?HHMHﬁmaeﬁ?@%% o ffﬁ QP?@%QE &AM Al 118 on the second solid layer of a

non-sacrificial matefial 11#hegesldpietrchindaiysiracBFeat?dathaningimerningoriedeselsaidirayer, for example

by etchin_g Orqa¥ 1@%@%“%@&9&9%ﬁer‘i@r@ﬁé‘_&é'&?s?ﬁﬁ@@ﬁr%@i?%@d@d@é By gf'.écrificial material
118 having one gr.more "hills" I8rm (#éy Ehe sacrificial mz%terlaLon thedsubsq%e with "valleys" formed
) and 118 own in device

between any“e‘t%%i Pé?é[ﬂféﬁ?iﬁﬁj};\c n one embodiment, as $ a, the air

gaps 122 can be alignhed so as to directly over top of air gaps 116. Alternatively, other
arrangements of the multi levels of air gaps are contemplated by the present invention.
For example, as is illustrated in device 132b of Figure 6l the air gaps 122 can be formed
so as to form a multi level “staggered” arrangement with air gaps 116 thereby yielding air
gap structure 124b,

Additionally, it should be noted that a boundary may or may not exist between
layers 114 and 120 depending upon the composition of these layers and the manner in
which layer 120 is formed. Also, the sacrificial material used to form the first level of air
gaps and that used to form the second (or any subsequent level of air gaps) can be the
same material or a different material.

Referring now to Figures 7A-7H, there is illustrated a specific example of a method
of simultaneously forming multi-layer air gaps in a layer of a solid non-sacrificial material.
This exemplary specific method involved }he steps of:

1. In Figures 7A and 7B, a patterned layer of sacrificial material 140 is formed
on a substrate 142 by any suitable technique. This may be accomplished, for example,
by first forming a layer of the sacrificial material on the substrate 142 as depicted in Figure
7A and then patterning the layer, for example by etching or any other suitable technique,

- to form the patterned layer of sacrificial material 140 having one or more “hills” formed by
the sacrificial material on the substrate with “valleys” formed between any two relatively
adjacent hills.

2, In Figure 7C, a second solid layer of a non-sacrificial material 144 is then
formed on the patterned layer in overlying relation to the pattemed layer 140.
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29 23 JUN 2006 5. In Figure 6G, a third solid layer of a non-sacrificial material 120 is then formed on
the second patterned layer in overlying relation to the second patterned layer 118 (the composition of
this layer can be identical to or different from layer 114). 6. In Figure 6H, the sample is heated to a
temperature sufficient to decompose the sacrificial material 118 thereby forming Jir§p&i2. The
sacrificial material decomposes and one or more of the gaseous decomposition products diffuse out
through the second solid layer of a non-sacrificial material 120. 7. The result is an air-gap structure
124a having two or more levels of air gaps 116 and 122 in the closed interior space or spaces
previously occupied by the sacrificial materials 110 and 118. In one emboediment, as shown in device
132a, the air gaps 122 can be aligned so as to directly over top of air gaps 116. Alternatively, other
arrangements of the multi levels of aiinaps are contemplatecé leef{‘ the present invention. For example,

as is illustrated in device 13P5'grEeR (P8 Ther P Rp LA AR Rl sANYciah mMaltHaGHAS a multi level
"staggered" arisfageerbon thilseipghpdid bgerind ebynysetdiiviplamatgeg $ttibjuaey sRithbiddditionally, it
should be noteg g d-DIRIARY BIALAIBRREDIEPHSLRBRIBErsiuftnd L anid R0 gpRnding Upon

the composition of these layers ar&d the manner in whic Iaégégquz_o is formed, Also, the sacrificial

material used fFPHPRRITEAITIRHR0ANS PRGPnd 2RI BYERER DELHREIGRIMA @l d44 @5 SrBIRPSubsequent
level of air gap)gurdéXiapd shenaatiatainatiher seatiftblaver, fearxasipR bfestohipg omaty Bligeires 7A-7H,
there is illustrateg-B1sRasifie X a5 ol @i BReHAQRABINRIMAY LR OESALF cFAr ARG AN Y IANRAIr 9aps In a
layer of a solid fon;sagrigialmatcdal, TS XEIPIANseclicmethod inypled dhe steps of: L. In
Figures 7A aném/eB, a pa%terne c1ayer of SacHRCIal material 140'7s formed  on 3 aub&rSE 142 by any
suitable technig@@ifiFialsnaasiabédccbmyalisheformed Rainpre apy WYt eviangadiagsat ilishe sacrificial
material on the substaate 14 AguepRiethia BRuger & anditlasinaiienategalnaday giedor example by
g;ceh '(;‘rg n?g rae”,}’h%%}%%jﬁﬁdgLSye‘c%%'&'BQh!eerneté’@EP}ntQ%HﬂhtgeF&Sﬁol%%é’fséé‘éﬁg IsiRkmalRual 140 having
146. The composition of this layer can be identical to or different from layer 144, and, as
noted above, a boundary between layers 144 and 148 may or may not exist.
5. In Figure 7G, the sample is heated to a temperature sufficient to
decompose both sacrificial material 140 and 146 thereby forming air gaps 150 and 152,
respectively. Both sacrificial materials decompose and one or more of the gaseous
decomposition products diffuse out through the second and third solid layers of a non-
sacrificial material 144 and 148, respectively, for sacrificial material 140, and through the
third solid layer of a non-sacrificial material 148 for sacrificial material 146.
7. The result is an air-gap structure 154a having two or more levels of air
gaps 150 and 152 in the closed interior space or spaces previously occupied by the
sacrificial materials 140 and 146. In one embodiment, as shown in device 156a, the air
gaps 162 can be aligned so as to directly over top of air gaps 150. Alternatively, other
arrangements of the muiti levels of air gaps are contemplated by the present invention.
For example, as is illustrated in device 156b of Figure 7H the air gaps 152 cr;n be'.formed
so as to form a multi level “staggered” arrangement with air gaps 150 thereby yielding air
gap structure 154b.
It should be noted that with regard to the method of Figures 6A-6! and that of
Figures 7A-7H, the main difference is that in the method of Figures 6A-6l the multi levels
of air gaps are formed sequentially and in Figures 7A-7H they are formed simultaneously.
Numerous considerations play a role in determining which method is most suitable. For
example, the composition of the non-sacrificial and sacrificial layers, the structure desired,
the mechanical strength of the first level (in the process of Figs 6A-61 the first level has to
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the sacrificial material on the substrate with "valleys" formed between any two relatively adjacent hills.
2. In Figure 7C, a second solid layer of a non-sacrificial material 144 is then formed on the patterned
layer In overlying relation to the patterned layer 140. 30 2 B JUN 2006 3. In Figures 7D and 7E, a
second patterned layer of sacrificial material 146 is formed on the second solid {gyey

non-sacrificial material 144 by any suitable technique. This may be accomplished, for example, by
first forming a second layer of the sacrificial material on the second solid layer of a non-sacrificial
material 144 as depicted in Figure 7D and then patterning the second layer, for example by etching or
any other suitable technique, to form the second patterned layer of sacrificial material 146 having one
or more "hills" formed by the sacrificial material on the second solid layer of a non- sacrificial material
144 with 'valleys" formed between an%( two relatively adjacent hills, 4. In Figure 7F, a third solid layer of

a non-sacriff§Afmufficient stienathiRNithsiand e peresingfdnsaesAnddavsi A $ue Aty 9Eiation to the
second pattéreeddiipii matéridl e diffuse tstigh abtlylaye butiwb erident talds of shfferent from layer

144, and, ’a%a@ﬁﬁ%f%lmléﬁaﬁsgeWﬁ\@fh%%‘fﬁﬁdly@é/?ﬁﬂﬁd' and 148 may or may not exist, 5. In Figure

7G, the sample is heated to a temperature s ient to decompose both sacrificial material 140 and

€ =IMpP ( ;
146 thereby formirfd4iE§ApL Pt sirie|®s PRSI ReLIod BHHRYTRING AR AY #3R@ M compose and one
or more of tihetyyase tws cdediativeoeiions pradercetdjffuske asunétablingls, tievbisbdhel amdubtitd solid layers

of a non- sagrificial Matgdiabddeiand Hi8iaaRAcHE rdor ARG met&rigé&éf?u&n.%éhrough the
third solid ‘Ia%eg (r)fia 836261%”{9&' ma&&engl% EI3 fcr)é S@frlflgl%materla}l 1§? [y ghe riﬁ%‘mlt is an air-gap
structure 15 ﬁé\ﬁﬁ WG BFRIOHTETERS o’f a rgﬁaﬁs 8B%rd igﬂqﬁ fhe @LS FAE Pspace or
spaces previtrieabteQisiéampsdbrea sabsifial! AZatéharsitignd mayihaye eatiebe diraedy, as shown in
device 15601t @it ieapsel A’ ppatRMaUGNAEER TRdRUISREIE/ MMERSQIAsRInRARS 4 RijeAlternatively,
o A AR L e B TR Y M S
devices on an integrated circuit chip (not shown). By way of specific example, the
substrate may be a semiconductor wafer which may, for example, contain transistors,
diodes, and other semiconductor elements (as are well known in the art).
1. In Figure 8A, a uniform layer of the sacrificial material 160 is depaosited on
the substrate 162. This may be done in any suitable manner, for example, by spin
coating, spraying, meniscus, extrusion or other coating methods, by pressing or laying a
dry film laminate onto the substrate, ete.
2. In Figure 8B, the layer of sacrificial material is patterned to produce the
patterned layer of the sacrificial material 160, the pattern of which corresponds to the
desired pattem of one or more air gaps to be formed in the semiconductor device. Any
suitable technique can be used to pattem the layer of sacrificial material, including, for
example, laser ablating, etching, etc. The sacrificial material may be of a type that is or
may be made photosensitive to facilitate patterning.
3. In Figure 8C, a layer of conductive material 164, (in one embodiment, the
conductive material is any suitable metal or alloy or composite thereof) is deposited over
the patierned layer of sacrificial material 160. This may be done by any suitable
technique including, for example, metal sputtering, chemical vapor deposition (CVD),
physical vapor deposition (PVD), electroplating, electroless plating, etc.
4, In Figure 8D, the conductive layer 164 is removed as needed by any
- suitable technique including, for example, a wet chemical etch utilizing a suitable etching
compound (e.g., nitric acid). If a wet chemical etch is used a layer of silicon dioxide can
be applied to the surface of the sacrificial layer to provide an etch stop. As can be seen
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so as to form a multi level "staggered" arrangement With air gaps 150 thereby yielding air gap
structure 154b. It should be noted that with regard to the method of Figures 6A-61 and that of Figures
7A-7H, the main difference is that in the method of Figures 6A-61 the multi levels of air gaps are
formed sequentially and in Figures 7A-7H they are formed simultaneously. Numggugnprgigerations
play a role in determining which method is most suitable. For example, the composition of the
non-sacrificial and sacrificial layers, the structure desired, the mechanical strength of the first level (in
the process of Figs 6A-61 the first level has to 31 2 3 JUN 2006 be of sufficient strength to withstand
the processing of the second level), and the ability of the sacrificial material to diffuse through not only
one but two or more layers of non- sacrificial material (see the method of Figures 7A-7H). Figures
8A-8G illustrate one possible method of forming an air gap or region between two conductive regions
or elements, sdsimddanietBPllaes, iBdimiemaked st dobtrreity sYitass bubalarcprcbateidesrtbereas isolated

from direct conjaférvete dhrenin Samadr Wi IRSpAEGAEAISacHAdBPPBIRABI TR JRY A BH QR oI gLLES BA and

8B, a patternedfzm/er of sacrificial material 160 is formed on a substrate 162. The substrate 162 may
of tHe device.. : .
have patterns a reaady on'it, or it may be an unpattemed material. The substrate may be a base layer

or a layer of materiaoverlymbigiis8fo ppeimanentaiclastrissi Ao mayingyaxcelfeptiaap-filat may overlie the
devices on an idgspintied @lkUi shiimiaey isepssitdd b verne barekibe Byanepiachitiabatirale may be a
semiconductor wafe ich may.. for ex le,,contain transistor. ijndes, and, other semiconductor
elements (as a?\g%v‘&”aﬁl‘véﬁ%&vﬂ‘#%%‘% g‘rﬂf{g?n igeLFr%"ﬁi“,eé‘tL?ﬁ‘#S?ﬁ"1'°|g§%#soa‘?ﬂ%%%‘scﬁ |a§f’ﬁ[rc§aterial 160 is
deposited on t3¥eEERLFAYETE & FFHRHRRIY dBhand exeycesit-asIledsithniarssind sideprs the spin
coating, sprayisgaduetiviskisisepdsL Sihe pinathentcdiakogiciaidadsy by pepasing befewingaaedry film

aminate onto e SYASYHE selindad madshy® A Jafane lrAGlEiRh mareianis g ped (o produce

the patterned layer of the sacrificial material 160, the pattern of which correspo to the desired

pattern of one &ifi¢ABIACXiHYy ROV iBitRARIRIINAteHE! sERsiesHBRRIE: Aelortde laygy may be

deposited by spin coating, spray coating or meniscus coating (typically using the
sacrificial material dissolved in a solvent), chemical vapor deposition, plasma enhanced
chemical vapor deposition, sol-gel process, or other method. As seen in Figure 8E, the
conductive layer can be conveniently formed with a height less than the height of the
adjacent sacrificial material. As will be appreciated, this will result in air gaps that extend
above the tops of the conductive leads, as is desirable to reduce capacitive coupling.
Also, the substrate could have trenches formed therein in a pattem corresponding to the
pattern of the sacrificial material, so that the resultant air gaps will extend below the
conductive leads located on lands on the substrate between the trenches.

6. in Figure 8F, the sacrificial material 160 is removed through the permanent
dielectric layer 166 to form the air gaps 168. The removal of the sacrificial material is, in
one embodiment, accomplished by thermal decomposition and passage of one or more of
the decompossition products through the permanent dielectric layer 166 by diffusion. As
ab';)ve iﬁdicated, the sacrificial materials of the present invention will undergo thermal
decomposition at temperatures on the order of about 450°C, and lower, with essentially
no residue being left in the air gaps of the resultant semiconductor structure 170a. Also,
the decomposition products are diffusable through many dielectric materials useful
forming the permanent dielectric layer, including polyimides.

Referring specifically to Figure 8G, Figure 8G discloses another embodiment
according to steps 1-6 discussed immediately above with the exception that the
conductive layer 164 is planarized in step 4 as needed by any suitable technique
including, for example, a wet chemical etch utilizing a suitable etching compound (e.g.,
nitric acid). Additionally, as can be seen from Figure 8G, the planarization process in this
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suitable technique can be used to pattern the layer of sacrificial material, including, for example, laser
ablating, etching, etc. The sacrificial material may be of a type that is or may be made photosensitive
to facilitate patterning, 3. In Figure 8C, a layer of conductive material 164, (in one embodiment, the
conductive material is any suitable metal or alloy or composite thereof) is deposi?é oglm %}e
patterned layer of sacrificial material 160. This may be done by any suitable techniu&-iric Qﬁng, for
example, metal sputtering, chemical vapor deposition (CVD), physical vapor deposition (PVD),
electroplating, electroless plating, etc. 4. In Figure 8D, the conductive layer 164 is removed as needed
by any suitable technique including, for example, a wet chemical etch utilizing a suitable etching
compound (e.g., nitric acid). If a wet chemical etch is used a layer of silicon dioxide can be applied to
the surface of the sacrificial layer to provide an etch stop. As can be seen 32 2 3 JUN 2006 from

Figure 8D I8aPormeRt 2 AoBdeeiadamyorsrleinns atnaehrsiperntinartiRfette saerifiviah are either
In contact witiaténiel p&ttenitiesaudictieaypmtad by esni®ihg a gbttenad tescafdigidasiges. 5. In Figure

8E, a permapenlAiairCieifiGaRnAYARBIColla SR AaRRD HaP e, Geud ROMIEHARLSR deposited

over the patterned layer of sacrificial material 16D with the conductive inlay € permanent

dielectric 1689850 aPRted iy suTRFeRfdhesRSrEdREAYSEIRRIAYIHR 87 ¢6b HAB: dYéeEoats at least
the tops and:aitestion tiiatapos theotievdcke sdsritéd pbbes gt evaoeimgdieitaps S kryee azay be planarized
before or afigr erpg\uBhot (BgisRTHiGRiqrieHatulrR REsManent dielectric layer, for example, may be

silicon dioxide, pol%lmide or other_ material. The germanent dielectric layer may be deposited by spin

coating, spray coatii oPAMEH IR Faorms e Ty SiemIls [uaVgade RSk APIREA metvded in a
solvent), cheficalingagio gaisjutivient gindwtive tihemdfeuh elérdricat iiterponett dewitioor, lspbigel process, or

other methoghiRSaSeRAMEIT SRR matBRaIGANEKGIMENAY S bapRoRR FRANFRIGALY faemed with a height
less than the helggt of the %q%facent s%prlflckﬁl?mate(lal s will be appreciated, this will result in air
1

gaps that IS EVR X 6@'8?%’ 'O &R}}é% ?5&8&98 ssirable to reduce capacitive coupling.

In Figure 9A, a clean, polished silicon wafer 180 is used.

2. In Figure 9B, a seed layer of.TilCu/T i is sputtered onto the wafer 180 to

form a fayer 182, The sputtering may use direct current (DC) sputtering. Layer 92 may

‘ be any suitable thickness. For example, in one embodiment, layer 92 is about 10A to
about 500,000A. In another embodiment, layer 92 is about 100A to about 250,000A thick.
In yet another embodiment, layer 92 is about 1000A to about 100,00A thick.

3-7. InFigures 9C-9F, a layer of a sacrificial material 184 (in this instance the
sacrificial material is a polynorbornene polymer) is applied and patterned using silicon
dioxide 186 and photoresist 188 as described above in Steps 3-7 of the method illustrated
in Figures 4A-H.

8, In Figure 9G, the sample is similar to the sample at Step 6 of the method
illustrated in Figures 4A-H, except that a Ti/CulTi layer 182 lies under the polynorbornene
polymer 184. . -

9. In Figure 9H, a fayer of fcond'uctive material 190 (e.g., a metal such as
copper, aluminum or gold) is deposited over the pattemed layer of sacrificial material 184.
This may be done by any suitable tech‘nique including, for example, metal sputtering,
chemical vapor-deposition (CVD), physical vapor deposition (PVD), electroplating,
electroless plating, etc.

10.  In Figure 91, the conductive layer 190 is removed as needed by any
suitable technique including, for example, a wet chemical etch utilizing a suitable etching
compound (e.g., nitric acid). If a wet chemical etch is used a layer of silicon dioxide can
be applied to the surface of the sacrificial layer to provide an etch stop. As can be seen
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Also, the substrate could have trenches formed therein in a pattern corresponding to the pattern of the
sacrificial material, so that the resultant air gaps will extend below the conductive leads located on
lands on the substrate between the trenches. 6. In Figure OF, the sacrificial material 160 is removed
through the permanent dielectric layer 166 to form the air gaps 168. The removal &3hdBagpdgial
material is, in one embodiment, accomplished by thermal decomposition and passage of one or more
of the decomposition products through the permanent dielectric layer 166 by diffusion. As above
indicated, the sacrificial materials of the present invention will undergo thermal decomposition at
temperatures on the order of about 450C, and lower, with essentially no residue being left in the air
gaps of the resultant semiconductor structure 170a. Also, the decomposition products are diffusable
through many dielectric materials useful forming the permanent dielectric layer, including polyimides.
Referring speAEIGHERYAYE &0 Eigmevetnaiany codts futRes RihalsairRdhe sidestenrrpto steps 1-6
discussed Imrmbitiaaee eitbevin vatitathwithdbeattertiedtsdvsficeluictiesiagget B ist flaragaed in step 4
as needed by gysSyitakde technique including, for example, a wet chemical etch utilizing a suitable
etching compound (e.g., nitri acidgaAdditionally, as can be Eeen from Fi%ure 8G, the planarization

process in this 33 2 3%in 206 BWBSdiR BRTMENEH JIagHcstP2830d 8x¢al§aHeBdlveen adjacent

portions of thecapahifitigal(engate palylh@dehsditpesied dvertihe afterntddapsr i smorificiahmpateiian of the

conductive laygy, arlir¢RidRuaaRificia) 1sterial damanenigieitany st 6P RaiGichds L'saik a layer of
silicon leXId(—i‘ can b&agg)lle to the suﬁace ?%ge S cnﬂmak Ia%)?r to %rotvlde an etch stoB. After
completion of S AthE YRG0 RPRIAFRY WS L4 L R¥EraRte T qR S R ARLEIER B 188 e d above to
yield semicongoptuetiteleade’ 370 bhRpderanenhdaledrcigieemayborenmes kefiisonafidra specific
example of a ratbesl cpfHerintcRINSARRb etEssHRAaRGY aléw:tidesyef, 6t elemipreaiaiassonnect device

L mer was utilized).

or layer u5|ngs;cﬁcso%cnf|)((:@l po material (in 'hhlls lﬂ,‘stance a go?g{%(%&rp%rpereléa ,9' 1S
, p 1€hed silicon wafer

This exemplary spe&ﬁc'rﬁéﬁ?@c‘ﬁﬁc{\?o Qg%et?we st eSs' 0 .?f?meﬁg@re 5 ¢ an,

180 is used. deposited by spin coating, spray coating or meniscus coating (typically using the
sacrificial material dissolved in a solvent), chemical vapor deposition, plasma enhanced
chemical vapor deposition, sol-gel process, or other method. As seen in Figure 9J, the
conductive layer can be conveniently formed with a height less than the height of the
adjacent sacrificial material. As will be appreciated, this will result in air gaps that extend
above the tops of the conductive leads, as is desirable to reduce capacitive coupling.
Also, the substrate could have trenches formed therein in a pattern corresponding to the
pattern of the sacrificial material, so that the resultant air gaps will extend below the
conductive leads located on lands on the substrate between the trenches.

12. In Figure 9K, the sacrificial material 184 is removed through the permanent
dielectric layer 192 to form the air gaps 196. The removal of the sacrificial material is, in
one embodiment, accomplished by thermal decomposition and passage of one or more of
the decomposition products through the permanent dielectric layer 192 by}diffu:?ion. As
above indicated, the sacrificial materials of the present invention will undergo thermal
decomposition at temperatures on the order of about 450°C, and lower, with essentially
no residue being left in the air gaps of the resultant semiconductor structure 200a. Also,
the decomposition products are diffusable through many dielectric materials useful
forming the permanent dielectric layer, including polyimides.

Referring specifically to Figure 9L, Figure 9L discloses another embodiment
according to steps 1-12 discussed immediately above with the exception that the
conductive layer 190 is planarized in step 10 as needed by any suitable technique
including, for example, a wet chemical etch utilizing a suitable etching compound (e.g.,
nitric acid). Additionally, as can be seen from Figure 9L, the planarization process in this
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2. In Figure 9B, a seed layer of Ti/Cu/Ti is sputtered onto the wafer 180 to form a layer 182. The
sputtering may use direct current (DC) sputtering. Layer 92 may be any suitable thickness. For
example, in one embodiment, layer 92 is about 10A to about 500,000A. In another embodiment, layer
92 is about | OOA to about 250,000A thick. In yet another embodiment, layer 9223aunt 4jgfOA to
about 100,00A thick. 3-7. In Figures 9C-9F, a layer of a sacrificial material 184 (in this instance the
sacrificial material is a polynorbornene polymer) is applied and patterned using silicon dioxide 186
and photoresist 188 as described above in Steps 3-7 of the method illustrated in Figures 4A-H. 8. In
Figure 9G, the sample is similar to the sample at Step 6 of the method illustrated in Figures 4A-H,
except that a Ti/Cure Iayer 182 lies under the polynorbomene polymer 184. 9. In Figure 9H, a layer of

pattemed oy B S A e B e B SRt

patterned Iayer sacrl icla 84. T e techniquencluding, for
example, mEtaleggLtRs Ry theernrustivaryer d@B&lf%ﬂWBP‘Eﬂ%i‘?féh@éﬁBﬁ%‘ﬁ@ﬁM@h (PVD),
electroplatingijaetat teodassfplaitinatedst 184). Ayhitgifre Wt dimenbendictiisaisaver AP & smeaaved as

needed by Akuaulabis SelIS DClRS e @uFbThEmEd A Uz NG sutabl

etching compoun ric acid). It a wet chemical etch is used a layer o dioxide can be

applied to tHOBRIeHeR fgfsfﬁé 10 theraxicn: i Hb e BRocRS S5 éﬁ?ﬁrgt‘éﬁat°AS§e&§r? banskthas4 23 JUN 2006
from Figure didclaged 2BOvisteaieieanivohdudioostitstarer0Ck.but also on the sides thereof which are

eiher In contact wiahe RRUS-0er SREIHEANRYDSEIBUEATE ARG Fldsapdi lovice. 11.In

Figure 9J, a permanent dielectric 192 having excellent capabilities (e.g., a polyimide) Is

deposited o§8r"fﬁ%'t|c5%ﬂ%trﬁ'éﬂ1?év89%tp%c’r:ff ré‘?ﬁg?éﬁ?élpl;MWftWTF?é WA SRRIAGR $ay 190. The
permanent eietdciplatibly 3R neetid pSecurd abearsethtipittyer mayl beofiret fotiveed @orfieisilitapavatdi84 and

overcoats ayleash (DR ARFHRIGH SIS tREANRe 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 mecﬁanical polishing, or other techniques.

Figures 10A and 10B depict two possible multi-level air gap arrangements. It
should be noted that the present invention is not limited to just these two arrangements.
As can be seen from Figure 10A, a multi-level air gap structure can be produced whereby
two air gaps are formed on either side vertically of, for example, a conductive line. Figure
10B depicts a multi-level staggered arrangement. As discussed above, the present
invention is not limited to just these arrangements. Rather, virtually any 3 dimensional
arrangement is possible utilizing the previously discussed production methods.

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, in one embodiment, passage is by diffusion through a
solid permanent layer.

Furthermore, it should be noted that in the preceding text, range and ratio limits
may be combined.

Although the invention has been shown and described with respect to a certain
embodiment or embodiments, it is obvious that equivalent alterations and modifications
will occur to others skilled in the art upon the reading and understanding of this
specification and the annexed drawings. In particular regard to the various functions
performed by the above described integers (components, assemblies, devices,
compositions, etc.), the terms (including a reference to a “means”) used to describe such
integers are intended to correspond, unless otherwise indicated, to any integer which
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conductive leads 190. The permanent dielectric layer may be removed before or after removal of the
sacrificial material. The permanent dielectric layer, for example, may be silicon dioxide, polyimide or
other material. The permanent dielectric layer may be deposited by spin coating, spray coating or
meniscus coating (typically using the sacrificial material dissolved in a solvent), chemical vapor
deposition, plasma enhanced chemical vapor deposition, sol-gel process, or oty Busthas As seen in
Figure 9J, the conductive layer can be conveniently formed with a height less than the height of the
adjacent sacrificial material. As will be appreciated, this will result in air gaps that extend above the
tops of the conductive leads, as is desirable to reduce capacitive coupling. Also, the substrate could

- have trenches formed therein in a pattern corresponding to the pattern of the sacrificial material, so
that the resultant air gaps will extend below the conductive leads located on lands on the substrate
between the treadbrss the. speéiiigd forgkoniof tha ckficiibrhintegerl (64 thatéfisnalidrélhpugh the permanent

dielectric Iayereh%mfeﬁgr@vgﬂqf@um dRRFNE e%.mwa.htthe areidlicipbairdaldgnn one
embodiment, acc J‘)Il%hefd ther é}eco | (t)smon and as%g%oé)f one or more of the
decompositionFETSHE TSGR el AN TR SRR BB, SEEoR e PE P TPt P
indicated, the zﬂa@nﬁelalfmateﬁdtttloﬂ.twmlpresemmﬂmdnamr\ewﬂlmmmegmmWahmm}mmposition at
temperatures Q.{B%eI%RbeE @W%sﬂé&@é@ﬂﬂol@’\lﬁfse%@lﬂﬁéﬁaﬂﬁi'é!mﬁ&ﬁﬁ’r%'ﬂg BN IN the air

gaps of the resultant semiconductor structure A SO, ; roducts are diffusable
through many BI&YRGFRARRET AN P0&(0N TSRS ge th a%'é? ﬁ% |eIe é) SR8 8 EPpolyimides.
Referring specifesititg ﬁﬁ¢?@ﬂ?@t%eqﬂ@@fémgéﬂ%l@’s@@l§ﬁwpé?ﬁm|ment according to steps 1-12
discussed Immediately above with the exception that the conductive layer 190 is planarized in step 10
as needed by any suitable technique including, for example, a wet chemical etch utilizing a suitable
etching compound (e.g., nitric acid). Additionally, as can be seen from Figure 9L, the planarization
process in this 35 2 3 JUN 2006 embodiment is conducted so as to create gaps between adjacent
portions of the sacrificial
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material 184 and the conductive layer 190 by removing a portion of the conductive layer adjacent to
sacrificial material 184. Again, if a wet chemical etch is used a layer of silicon dioxide can be applied
to the surface of the sacrificial layer to provide an etch stop. After completion of step 10 the device is
further processed according to steps 11 and 12 as discussed above to yield semigpgdygiprgjgucture
200b. 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 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 sacrificiab majerial covering the metal pattern then may be
removed before the permanent dielectric is deposited, as by chemical mechanical polishing, or other
techniquesVhig iz ekibikd &nd 106 depict two possible multi-level air gap arrangements. It should be
noted that the present invention is not limited to just these two arrangements. As can be seen from
Figure 10A, a multi-level air gap structure can be produced whereby two air gaps are formed on either
side vertically of, for exdhipfEned J ienRinge Ay, $agurEhin GeberBiserd Yeipitrye e staggered

arrangemesaimpdstligthssegbabave, the present invention is not limited to just these arrangements.

Rather,virtually any 3 djpensiguigl, aaRgRIAL S AT BlE Iz gue Asously dsgussed

production methods. Reference herein is made to passage of the decomposition products of the
sacrificial [8§/BIPBYRIPr HEF&Ranent layer. This broadly Is intended to encompass passage in any
manner, including though)holesauspasteges ifidaenprenine detayesdbaintm aydaiembeasclosed.

However, i Qps rgg i ¥oR &g&g’s % diffusion through a solid permanent layer. Furthermore, it
should be é]%tedu%at(l%t e ﬁrecgjélg te>€t?l range and ratio limits may be combined. Although the

invention has been shoW and"8@8HIse? (B RSHRIN RO BFtANPrecIABRRHMER RO RAIHBIments, it Is
obvious thpteiustealp phedejaticaagingt ackibeatiane aydresetigienshe teiiedindhenart upon the
reading and ‘.‘”derSta”%'}%géﬁlﬁ? aeggaﬂ'g%tm&%ghsa%ﬁﬁ% rﬁaqé%'TL%%L“aRaa(ﬁ“é%?%{eg?rd to the
various functions performed by the above described Integers (components, assemblies, devices,

the closed interior volume previously occupied thereby, and the sacrificial material

comprises a polymer composition selected from one or more polycarbonate polymers,

polyester polymers, polyether polymers, methacrylate polymers, acrylate polymers, or

mixtures thereof.

2. The method of claim 1, wherein the sacrificial material is a polycarbonate

polymer comprises repeating units represented by the general formula of:

-
J

n

where R represents linear and branched (C,to C,) alkyl, hydrocarbyl substituted and
unsubstituted (Cs to C4z) cycloalkyl, hydrocarbyl substituted and unsubstituted (Cg to Ca)
aryl, hydrocarbyl substituted and unsubstituted (C;to C4s) aralkyl, (C;to Cy) alkynyl, linear
and branched (Csto C,;) alkenyl and n is equal to 2 to about 100,000.

3. The method of claim 2, wherein n is equal to 2 to about 10,000.

4. The method of claim 2, wherein n is equal to 2 to about 1,000.
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compositions, etc.), the terms (including a reference to a "means") used to describe such integers are
intended to correspond, unless otherwise indicated, to any Integer which 36 23 JUN 2W6 performs the
specified function of the described integer (i.e., that is functionally equivalent), even though not
structurally equivalent to the disclosed structure which performs the function in the Reyejyiluysteated
exemplary embodiment or embodiments Of the invention. In addition, while a particular feature of the
invention may have been 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. 37 2 3
JUN 2006 CLAINS What s cigimedsi 1,5 method gldoumind an i gapithina semiconductor
structure comprising the sﬁeps ot @ usinga sacrificial'ma drafto occupy a close IMetior volume in a
semicondrstyebtyleoe eerpenatau Siplyrieesateitarapnedecerd roixietheesé into one or more gaseous
decomposition products; and (iii) removing at least one of the one or more gaseous decomposition
products by passage through at least one solid layer contiguous to the interior volume, wherein the
decomposition ofethe sathié crettimdtef clbimal,eehareatiypagaatifimloiegedahtea polyektane previously
occupied thejeh apfiheiSRRICiah @AY AL RUBRKSSS, BQY¥ARLIGBMRRSIton selected from one or
more polycarbonate polymers, polyester polymers, polyether polymers, methacrylate polymers,
acrylate polymers, or mixtures thereof. 2. The method of claim 1, wherein the sacrificial material is a
polycarbonate polymer comprisd€s @peatingdmits represented byjthe general formula of:

I 1
C—R—C~—0—(CH,)—0

n

where R represents linear and branched (C, to C) alkyl, hydrocarbyl substituted and
unsubstituted (Csto C4,) cycloalkyl, hydrocarbyl substituted and unsubstituted (Cgto Cyg)
aryl, hydrocarbyl substituted and unsubstituted (C; to C,5) aralkyl, (C3to Cy) alkynyl,
linear and branched (C;to Cy) alkenyl; x is an integer from 1 to about 20; and n is equal
to 2 to about 100,000.

7. The method of claim 6, wherein n is equal to 2 to about 10,000.
8. The method of claim 6, wherein n is equal to 2 to about 1,000.
9. The method of claim 6, wherein x is an integer from 1 to about 10.

10. The method of claim 6, wherein X is an integer from 1 to about 6.

11. The method of claim 1, wherein the sacrificial material is a polyether

polymer comprising repeating units represented by the general formuia of:

O0—R®-0—R%-0
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0 10-R-0-Cnwhere R represents linear and branched (C1 to C20) alkyl, hydrocarbyl substituted
and unsubstituted (C5 to C12) cycloalkyl, hydrocarbyl substituted and unsubstituted (C6 to Coo) aryl,
hydrocarbyl substituted and unsubstituted (C7 to C15) aralkyl, (C3 to C20) alkynyl, linear and
branched (C3 to C20) alkenyl and n is equal to 2 to about 100,000. 3. The method of 8lailh 200perein
n is equal to 2 to about 10,000. 4. The method of claim 2, wherein n is equal to 2 to about 1,000. 38
23 JUN 2006 5. The method of claim 2, wherein the sacrificial material is selected from polyethylene
carbonate, polyproplyene carbonate or a mixture thereof. 6. The method of claim 1, wherein the

sacrificial material,is a palyester polymer comprising repeating unit. resent y the general
formula of \6°%6 %ﬁﬁ%{(ﬁﬁﬁ?ﬁg%}t%ﬁ%?ree ngrr‘ggren?gﬁ?ﬁaegéérhgr%@aon?ﬁogﬁ%ﬁ? to C20) alkyl,
hydrocarbfydsaibieygitutad amgsimedatitaBdd G 12 Foy)cvdtigkvhybeaasyylsubstituted and
Co0) Ayt neas oop B e ot CI0) e s s et o 1t B0 and s
alkynyl, linear and brapched (C3 to alkenyl. xis an,integer from 1 to about 20; and n is
caual 10 2 RO OO L RS BP T o e RSN SABAL0,000. 8.
The methaabotlcl@kP8Owherein n is equal to 2 to about 1,000. 9. The method of claim 6, wherein x is
an integer from 1 to about 10. 10. The method of claim 6, wherein x is an integer from 1 to about 6.

11. The method of claim 1, wherein the sacrificial material is a polyether polymer comprising repeating
units representediBy thergemetdddohclnoft 1, wherein n is equal to 2 to about 10,000.

13. The method of claim 11, wherein n is equal to 2 to about 1,000.

14.  The method of claim 1, wherein the sacrificial material is selected from a
polymethyl methacrylate polymer, an acrylate polymer or a mixture thereof where the
polymers present each have a molecular weight of about 1,000 to about 1,000,000.

15. The method of claim 14, wherein the polymethyl methacrylate and/or the
acrylate polymer has a molecular weight of about 10,000 to about 500,000.

16. The method of claim 14, wherein the polymethyl methacrylate and/or the
acrylate polymer has a molecular weight of about 100,000 to about 250,000.

17. A method of forming one or more air gaps in a semiconductor structure
comprising the steps of:

(M forming a patterned layer of sacrificial material on a substrate
corresponding to a pattern of one or more gaps to be formed in the semiconductor
structure;

(n) depositing a second material on the substrate within regions
bordered by the sacrificial material,

(n forming an overcoat layer of material overlying the patterned layer
of sacrificial material and second material in the regions bordered by the sacrificial
material;

(IV)  causing the sacrificiai material to decompose into one or more

gaseous decomposition products; and
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0-R20 O-R™0O Jn 39 2 3 JUN 2006 where R20 and R21 independently represent linear and branched
(Cl to C20) alkyl, hydrocarbyl substituted and unsubstituted (COO C12) cycloalkyl, hydrocarbyl
substituted and unsubstituted (C6 to C4) aryl, hydrocarbyl substituted and unsubstituted (C7 to C15)
aralkyl, (C3 to C20) alkynyl, linear and branched (C3 to C20) alkenyl and n is equal. oﬁ,}\PJ@%out
100,000. 12. The method of claim 11, wherein n is equal to 2 to about 10,000. 13. The me of claim
11, wherein n is equal to 2 to about 1,000. 14. The method of claim 1, wherein the sacrificial material is
selected from a polymethyl methacrylate polymer, an acrylate polymer or a mixture thereof where the
polymers present each have a moleculag yveight of ?I&out 1é000 to about 1d0006000' 15, The method of
claim 14, wherein the p metﬁ?rlnr%ve'rfﬁé"crﬁ%ﬁeogﬁa‘?or g" a8FyTé%rée ﬁgﬁ/erﬁe? Hgsoén RASIER0Iar weight of
about 10,000d¢ctpsER@Dra&ihe avethoal tfysaam thal enecrematiscapagnseans feretdacrylate
and/or they ARHY RS SRAEBRE S atrnalaeular weight of about 100,000 to about 250,000. 17. A method
of forming one or more, aigﬁaﬁgg ip a semiconductor structure co{j%%risg the steps of: (I) forming a

patterned layer ol SSEFfid) LT Srr e LRAE P RRY RIS SRR aIY e B IR PBRE or more gaps to
be formedmotbedgeaibondiscrotywacpoyetiirdmhusiingralgetbendatyateriahurittherndatestrate within

regions bgiarreby herasaliriatdnatariatidyiiergang an overcoat layer of material overlying the
patterned layer of sacrificial material and second material in the regions bordered by the sacrificial
material; (IV) causing the sacrificial material to decompose into one or more gaseous decomposition
products; and 18. The method of claim 17, wherein the sacrificial material is a polycarbonate

polymer comprising repeating units represented by the general formula of:

where R represents linear and branched (C,to Cy) alkyl, hydrocarbyl substituted and
unsubstituted (Csto C4,) cycloalkyl, hydrocarbyl substituted and unsubstituted (Cgto Cyp)
aryl, hydrocarbyl substituted and unsubstituted (C; to C4s) aralkyl, (C3to Cy) alkynyl, linear
and branched (Csto Cy) alkenyl and n is equal to 2 to about 100,000.

10, The method of claim 18, wherein n is equal to 2 to about 10,000.

20. The method of claim 18, wherein the sacrificial material is selected from

polyethylene carbonate, polyproplyene carbonate or a mixture thereof.

21. The method of claim 17, wherein the sacrificial material is a polyester

polymer comprising repeating units represented by the general formula of:

i
Q—R——C—O-—(CHZ)K——O

where R represents linear and branched (C, to Cy) alkyl, hydrocarbyl substituted and
unsubstituted (Csto Cy,) cycloalkyl, hydrocarbyl substituted and unsubstituted (Cgto Cyg)
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40 2 3 JUN 2006 (V) removing at least one of the one or more gaseous decomposition products by
passage through the overcoat layer so that one or more air gaps are formed within the semiconductor
structure, wherein the sacrificial material is a polymer composition selected from gne or more
polycarbonate polymers, polyester polymers, polyether polymers, methacrylate pg@mﬁ’r&,mﬂﬁylate
polymers, or mixtures thereof. 18. The method of claim 17, wherein the sacrificial material is a
polycarbonate polymer comprising repeating units represented by the general formula of: n where R

gefzr;esenlt%ﬁylﬂ?vfwbmﬂﬁbeﬁmféa Hhmdﬁﬂfuhtfd'{dm%éibxg akdua}i,tte@doafj%) l?jfk%H?ﬁgiFl&é@% (CS t%
cycloa ro ubstituted and unsubstitute 0 ) ar roc substitute
and unsub%tiu Ead¥ ?gc @fgé g?@ﬁlé}f? 6585(59%1&?@/ ,Wirfggragfr%%%@a%%%g (&J?g{&%df alkenyl and
n is equal @doutd @$800100,000. 19. The method of claim 18, wherein n is equal to 2 to about 10,000.
20. The method of claim 18, wherein the sacrificial material is selected from polyethylene carbonate,
polyproplyene capRonat&hes rasthatLsbdbienedyf. @hAerEirenietigadl of 2lairbbidt vdheoein the sacrificial
material is a polyester polymer comprising repeating units represented by the general formula of: O 0
R-C-O-(C142) O n where R represents linear and branched (Cl to C20) alkyl, hydrocarby! substituted
and unsubstitutefB(C5 '€ TBigRIAlIM Ry drdtaariyrdaBstIiesardimuhiupkemitEd (C6 to C40) 41 2
3 JUN 2(106 aryl, hydrocarbyl substituted and unsubstituted (C7 to C15) aralkyl, (C3 to C20) alkynyl,

linear and branched (C3 to C20) alkenyl; xis an integer from 1 to about 20; and n is equal to 2 to
24, The method of claim 17, wherein the sacrificial material is a potyether

polymer comprising repeating units represented by the general formula of:

—%O——R”O—‘—RLO%——
h]

where R? and R? independently represent linear and branched (C;to Cy) alkyl,
hydrocarbyl substituted and unsubstituted (C5 to C;,) cycloalkyl, hydrocarbyl substituted
and unsubstituted (Cg to Cy) aryl, hydrocarbyl substituted and unsubstituted (C;to Cys)
aralkyl, (C;to Cy) alkynyl, linear and branched (C;to Cy) alkenyl and n is equal to 2 to
about 100,000.

25. The method of claim 24, wherein n is equal to 2 to about 10,000.

26. The method of claim 17, wherein the sacrificial material is selected from a
polymethyl methacrylate polymer, an acrylate polymer or a mixture thereof where the

polymers present each have a molecular weight of about 1,000 to about 1,000,000.

27.  The method of claim 26, wherein the polymethyl methacrylate and/or the
acrylate polymer has a molecular weight of about 10,000 to about 500,000.

28. A method of forming air gaps within a semiconductor structure comprising
the steps of:

using at least one sacrificial material to occupy simultaneously or
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about 100,000. 22. The method of claim 21, wherein n is equal to 2 to about 10,000. 23. The method
of claim 21, wherein xis an integer from 1 to about 10. 24. The method of claim 17, wherein the
sacrificial material is a potyether polymer comprising repeating units represented by the general
formula of: O-R2 O-R2-O J n where R20 and R21 independently represent lined® 8ndUbt 2688 ed (Clto
C20) alkyl, hydrocarbyl substituted and unsubstituted (CS to C12) cycloalkyl, hydrocarbyl substituted
and unsubstituted (C6 to C40) aryl, hydrocarbyl substituted and unsubstituted (CAo C15) aralkyl, (C3

to C20) alkygubrir@akerdPtaictiese(Gotdade oL MHKENYh ¥Rt RN QWIS dtZidreandteif@R00. 25. The

method of ‘flﬁ‘im 4 wherein nis e qal to 2 to abg.HI 10 qOO. 26.. The method, of, clai{n 7. wherein the
) ?ast wb clolseec}l n(ﬁnorv umr—i‘s are ﬁn i e{enT e e{s of tpe semlconductPr S rucI uﬁg
sacrificial material' Is selected from a polymetnyl methacrylate polymer, an acrylate polymer or a

mixture thereof where tif@UpisK therat irasleanecsatiliti@lanaterinbectapyiradhe of estitwio000 to about

1,000,000¢1@4ed fiesrptindnpéstaine ssmpdieraindhsimoumssyloedaacedasans ohthgr acrylate
polymer has a molecula We'i}%‘lt of about 10 00050 about 500,000. 28. A method of forming air gaps

within a seNRCORTRICLOF ST U%S%'Srr}}%rr?&%gs'tﬁg steps of: using at least one sacrificial material to

occupy simultaneously ¢em2ving aUeasione séthecenrilly mplegaseoucianompasition poddows in a

semicondygtansipdetuidugharsindhenatinashynisiiRed sterine vakipesaison different levels of the
semiconductor structure; causing the at least one sacrificial material occupying the at least two closed

interior volumes to decompose either simultaneously or sequentially into one or more gaseous

decomposition piggluctsi ] FHBEYWkfth SESHADR A HISPRE A LMPSEARERPHRARGPRIPOSITon
products simultaneously decomposed into one or more gaseous decomposition products which are

remove via passage through at least one solid layer contiguous to the interior volume.

30. The method of claim 29, wherein the at least one sacrificial material is
selected from one or more norbarnene polymers, polycarbonate polymers, polyester
polymers, polyether polymers, methacrylate polymers, acrylate polymers, or mixtures

thereof.

31. The method of claim 30, wherein the at least one sacrificial material is

selected from one or more norbornene polymers.

32. The method of claim 31, wherein the norbornene polymer comprises

repeating units of the general formula:

m

R1 Rz R3 R4

wherein R'and R*independently represent hydragen or linear or branched (C1to Cay)
alkyl; R?and R®independently represent hydrogen, linear or branched (C; to Cy) alkyl or
the groups:
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by passage through at least one solid layer contiguous to the interior volume. 29. The method of claim
28, wherein the at least one sacrificial material is simultaneously decomposed into one or more
gaseous decomposition products which are remove via passage through at Ieast one solid layer
contiguous to the interior volume. 30. The method of claim 29, wherein the at I ificial
material is selected from one or more norbornene polymers, polycarbonate polyme ster
polymers, polyether polymers, methacrylate polymers, acrylate polymers, or mixtures thereof. 31. The
method of claim 30, wherein the at least one sacrificial material is selected from one or more
norbornene polymers. 32. The method of claim 31, wherein the norbornene polymer comprises
repeating units of the general formula: | wherein Rand R4 independently represent hydrogen or linear
or branched (Cl to C20) alkyl; R2 and R3BAdependently represent hydrogen, linear or branched (Cl to
C20) alkyl or the groups: 43 2 3 JUN 200’5 R9 (CH) SleORllRlZ In R9 independently is hydrogen,
methyl, or ethyl; R10, R", and R12 mdep@?@eﬁfﬁ}oﬁeﬁesent finear or branched (Cl to C20) alkyl, linear
or branched (Cl to C20) alkoxy, linear or branched (Cl to C20) alkyl carbonyloxy, and substituted or

unsubstitujgd {3 daderi) SRR aﬁ@houmt@qumoopw Aarﬁmmm@épe%an jby n Qi 5: and at

least one of substituents R2 and R3 is selected from the s rﬁ/(a irou @resente e formula set
1

forth unddinfgr®s Prnehaddiode ?&bﬁlhyéi"\ﬁﬁfe‘?em%cﬁﬁfj 01 Casblsory ilnsatietably 0 or 1 as
representdatdncistdiyte Clb) atiy |l carespéotivelyd kubstituted or unsubstituted (Cgto Cy)

aryloxy; m is 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.

33. The method of claim 32, wherein in Formula | above, m is preferably 0 or 1

as represented by structures Ib and lc, respectively:

Ib Ic

R g2 g3 R
Rt R? R3 R4

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

substituent represented by la.

34.  The method of claim 32, wherein R*and R* taken together with the two ring
carbon atoms to which they are attached comprise a repeating unit of the following
structure:

R2 R3
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wherein R' to R4 are as previously defined and at least one of R2 and R3 is a silyl substituent
represented by la. 34. The method of claim 32, wherein Wand R4taken together with the two ring
carbon atoms to which they are attached comprise a repeating unit of the following structure: 44 23
JUN 2 wherein B is am ethylene group, q is a number from 2 to 6, and R2 and Rz adreJHY dedthed
above. 35. The method of claim 32, wherein the norbornene polymer further comprises hydrocarbyl
substituted polycyclic repeating units selected from units represented by Formula Il below: 1l wherein
R5, R6, R7, and R8 independently represent hydrogen, linear and branched (Cl to C20) alkyl,
hydrocarbyl substituted and unsubstituted (C5 to C12) cycloalkyl, hydrocarbyl substituted and
unsubstituted (C6 to C40) aryl, hydrocarbyl substituted and unsubstituted (C7 to C15) aralkyl, (C3 to
C20) alkyryherigiad? isrriImeRIERJIYCIPIcI GO IRRSHToT YiteyS, ang FETRY Rhareesotefitednd R6 can
be taken tgggtler to form a (Cl to C10) alkylidenyl group, RS and R8 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 p is 0, 1, 2,

3, or 4. 36. The mgthod-A{Llaimh Gt oMANGRE HH i BRIRGFRERPUBANMEL SOMBY iR fepeating units
represented by Formula Il below: 111 11 45 2 3 JUN 2DD6 wherein R9 to R12 independently represent

a polar sulSSTIAEFRSSBYIResar Y FHiRdtY it olvexsts ERegEIg-uniir ielested fom Wit o)R",
-(A),OC(O)ErRésethetcb FOIRLa (RE®C(O)C(O)OR", -(A), -O-A--C(O)OR", -(A)te OC(O)-A'-C(O)OR",

I

p

R>pe g7 R®

wherein R®, R%, R, and R®independently represent hydrogen, linear and branched (C, to
Ca) alkyl, hydrocarbyl substituted and unsubstituted (Csto C,,) cycloalkyl, hydrocarbyl
substituted and unsubstituted (Csto Cyo) aryl, hydrocarbyt substituted and unsubstituted
(C;to Cys) aralkyl, (Csto Cyo) alkynyl, linear and branched (C; to Cy) 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 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.

36. The method of claim 31, wherein the norbornene polymer comprises

repeating units represented by Formula Il below:

45



-(A)te C(O)O-A-C(O)OR", -(A)te C(0)-A-OR", -(A)te C(O)O-A-OC(O)OR", -(A)te
C(0O)O-A'0-A'-C(O)OR", -(A)te C(O)O-A'-OC(O)C(O)OR", -(A)te C(R")2CH(R")(C(O)OR"), and -(A)te
C(RM2CH(C(O)ORM2; pis 0, 1, 2, 3, 4, or 5; the moieties A and A' independently represent a divalent
bridging or spacer group selected from divalent hydrocarbon groups, divalent ¢ ﬁcﬂhjﬁrmrbon
groups, divalent oxygen containing groups, and divalent cyclic ethers and cyclic diethers; and n is an
integer 0 or 1. 37. The method of claim 31, wherein the norbornene polymer comprises copolymers
comprisingvhgremMPRIIRT Pideppedtnyy Uspsseptesentedunsftosmaedientdh fhergivlae | and I,

Formulae Il ang-l| ormylaed, 11 anc re or, s+ | wherein R1 and R' independently
represent h%é%é%%??&%ﬁﬁ% Cﬁf% rgag%i%&r{é}%‘%% ependently represent
hydrogen, 1 { rt X YiR10R11R12 la R9
oranched (0L a0) sl st Gt (o oo alkentineas or branched (0l to G20) alky
ranche o) [ brapc 0 Jinear or branche ) alky
carbonyloi;%gﬁgég%gﬁﬁiéd%gré é%ub'?&&tg@égéé\b@g%@@&y; m is a number from O to 4; and n is

a numberfréfvntR B2 dRaX (dEIPFnk 31d s(stilBnts REEHPR ZiP deRcted fPoh 8h&:dig group
representedditieAcimaaisgsferderundesics < 2 dhaleht BRGEfosrugachrigdushaisineRS, R6, R7,

and R8 inje endently represent hydrogen, linear and branche %CI to C20).alkyl, hydrocarbyl
cubstiuted SRR e o (o ) e e e B PN Eettanea (coto

C40) aryl, Ryaiaeiadhgrainss endatvaleatgsibstheteandCyeiClighersilrRpd (G3an dregesiRyiyl, linear and
branched ({£3to C20) alkenyl, or vinyl; any '

37. The method of claim 31, wherein the norbornene polymer comprises
copolymers comprising a combination of repeating units represented by Formulae I and I,

Formulae | and lll, Formulae Il and Wl or Formulae 1, Il and lll, where Formula | is:

m

Rlpa Rr3 RY

wherein R" and R*independently represent hydrogen or linear or branched (C;to Cy)
alkyl; R%and R®independently represent hydrogen, linear or branched (C;to Cy) alkyl or
the groups:

RS

-(CH),-SiR10R 1R 12 Ia

R®independently is hydrogen, methyl, or ethyl; R', R"", and R"?independently represent
linear or branched (C; to Cy) alkyl, linear or branched (C4to Cy) atkoxy, linear or
branched (C,to Cy) alkyl carbonyloxy, and substituted or unsubstituted (Cg to Cy)
aryloxy; m is 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;
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of R5 and R6 or Wand R8 can be taken together to form a (Cl to C10) alkylidenyl group, R5 and R8
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; and Formula Ill is Ill wherein R9 to R12 indggengfifis
represent a polar substituent selected from the group: -(A),-C(O)OR", -(A)te OR", -(A)te OC(O)R",
-(A)te OC(O)OR", -(A)te C(O)R", -(A)te OC(O)C(O)OR", -(A)r O-A'-C(O)OR", -(A)te
OC(0)-A'-C(O)OR", -(A), C(O)O-A-C(O)OR", -(A), C(0O)-A'-OR", -(A)te C(O)O-A-OC(O)OR", -(A)te
C(O)O-A'O-A-C( lﬁ?OFG)I”a [I(IA)te C(O)O-A'-OC(0O)C(O)OR", -(A)te C(R"2CH(R")(C(O)OR™), and -(A)te
C(R"M2CH(C(0O) h Tpls ?) 1, 2, 3, 4, or 5; the moieties A and A’ independently represent a divalent
bridging or spacer group selected from divalent hydrocarbon groups, divalent cyclic hydrocarbon
groups, divalent oxygen 47 2 3 JUN 2006-containing groups, and divalent cyclic ethers and cyclic
diethers; and nis anintegerOor 1.38. T thod of claim 28, wherein the at least one sacrificial
material is selected from one or more nofbgragne pefymers. 39. The method of claim 28, wherein the
one or more polycarbonate polymers, polyester
aptyPers, acrylate polymers, or mixtures thereof. 40. The
method of claim 39, wherein the sacrificigismatelpt is a polycarbonate polymer comprises repeating
units represented by the general formula ofih fhere R represents linear and branched (Cl to C20)
alkyl, hydrocarbyl substituted and unsubstituted (C5 to C12) cycloalkyl, hydrocarbyl substituted and

unsubstituted (C6 to C40) aryl, hydrocarbyl substituted and unsubstituted (C7 to C15) aralkyl, (C3 to
C20) alkynyhelisia®® afd Rt aarehRUifEsh ender 0y adisesndrangdridgenling 40 ahtpbrdrsHetqQ 0Q0.

C2o) alkyl, hydrocarbyl substituted and unsubstituted (Cs to C;,) cycloalkyl, hydrocarbyl

substituted and unsubstituted (Cgto C4o) aryl, hydrocarbyl substituted and unsubstituted
(Csto Cy5) aralkyl, (C3to Cy) alkynyl, linear and branched (Csto Cay) alkenyl, or vinyl; any
of R®and R®or R” and R®can be taken together to form a (C; to C1,) alkylidenyl 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; and

Formula lll is

I

P
=] o
R |.l,R
R" R

wherein R°to R' independently represent a polar substituent selected from the 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)n-C(O)O-A’-C(O)OR”,‘ -(A)s-C(0)-A’-OR”, -(A),-C(0)O-A’-OC(O)OR",
-(A)n-C(O)O-A'0O-A’-C(O)OR", -(A),-C(O)O-A-OC(O)C(O)OR",
-(A)s-C(R"),CH(R")(C(O)OR"), and -(A),-C(R"),CH(C(O)OR"),; pis 0, 1, 2, 3, 4, or 5; the
moieties A and A’ independently represent a divalent bridging or spacer group selected

from divalent hydrocarbon groups, divalent cyclic hydrocarbon groups, divalent oxygen
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41. The method of claim 40, wherein n is equal to 2 to about 10,000. 42. The method of claim 40,
wherein the sacrificial material is selected from polyethylene carbonate, polyproplyene carbonate or a
mixture thereof. 43. The method of claim 39, wherein the sacrificial material is a polyester polymer
comprising repeating units represented by the general formula of: O O -CR-C-@-Chigixaphd-- I n 48 2
3 JUN 2006 where R represents linear and branched (CI to C20) alkyl, hydrocarbyl substituted and’
unsubstituted (C5 to C12) cycloalkyl, hydrocarbyl substituted and unsubstituted (C6 to C40) aryl,

hydrocarbybstiastiyipslippteradmatiiieiEarerCds ajatkuidierio4ad0)iaky mtegbneasrand
branched (103 to C20) alkenyl; xis an integer from Ito about 20; and n is equal to 2 to about 100,000.

44. The method of claim 43, wherein n is equal to 2 to about 10,000. 45. The method of claim 43,
wherein xis an integer from 1 to about 10. 46. The method of claim 39, wherein the sacrificial material
is a polyether polf®ner cHifirRiPRArelydaithgBuMibsTRiproscHted By esaeticial mateishisf. 0-R' 0-R™ 0
L. J n whegelBiéiarnthRaé ondependebiinsapresemnelifniear and branched (C1 to C20) alkyl,
hydrocarbyl substituted and unsubstituted (C5 to C12) cycloalkyl, hydrocarbyl substituted and
unsubstituted (C6 to C40) aryl, hydrocarbyl substituted and unsubstituted (C7 to C15) aralkyl, (C3to

C20) alkynyl, linegs and-iHapdirs(Gian 28 kR RE dindase aHa kiR Aitda 3haetid0Q.000. 47. The
method of clai wherein n is e%gral to 2 to.about 10,000. 48, The method (jf claim 39, wherein the
a ﬂﬁé{fﬁ

sacrificial %??aﬁ';o@e?é’&@a bl b%ﬁ&ﬂ%’é?h“yf’ é’%rﬁféh@ %85;%'&‘%@ e W&P@ rpolymer ora
mixture the@phersenethecrpialgrnelynstssentyisdeindinvers, moteiztlerstieggtnfof about 1,000 to about
1,000,000.

40. The method of claim 39, wherein the sacrificial material is a polycarbonate

polymer comprises repeating units represented by the general formula of:

i
O—R—0—C
n

where R represents linear and branched (C, to Cy) alkyl, hydrocarbyl substituted and
unsubstituted (Cs to C4,) cycloalkyl, hydrocarbyl substituted and unsubstituted (Cgto Cjg)
aryl, hydrocarbyl substituted and unsubstituted (C;to Cs) aralkyl, (C3toCy) alkynyl, linear
and branched (C;to C,) alkenyl and n is equal to 2 to about 100,000.

41. The method of claim 40, wherein n is equal to 2 to about 10,000.

42, The method of claim 40, wherein the sacrificial material is selected from

polyethylene carbonate, polyproplyene carbonate or a mixture thereof.

43, The method of claim 39, wherein the sacrificial material is a polyester

polymer comprising repeating units represented by the general formula of:

o

i
C—R—C—

O—(CH,)—0
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49 2 3 JUN 2006 49. A method of forming one or more air gaps in a semiconductor structure
comprising the steps of: (A) forming a patterned layer of a first sacrificial material on one side of a
substrate corresponding to a pattern of one or more gaps to be formed in the semiconductor structure;
(B) depositing a second material on the substrate within regions bordered by t FirdV¥abicial
material; (C) forming a first overcoat layer of material overlying the patterned layer of the first
sacrificial material and the second material in the regions bordered by the first sacrificial material; (D)
causing the first sacrificial material to decompose into one or more gaseous decomposition products;
(E) removing at least one of the one or more gaseous decomposition products by passage through
the first overcoat layer so that one or more air gaps are formed within the semiconductor structure; (F)
forming a patterned layer of a second sacrificial material on the first overcoat layer corresponding to a

pat:er_n Iof wgh%%rwle[ﬁ&aﬁ@tﬁm@&B}f&bﬁqﬂteﬁé@ﬁgmt@gpgmgmﬁwgggmﬁg@h@l@f&g@%_? t_hilfd i
material on tne 1rst overcoat layer s r Iitnin regions poraere € secona sacrifiClal material,
(H) formind"&sggitgHE?%\é(g?E%;ﬂ15%?%?%&&%?8@%@ %ﬁﬂté’tﬁéi?%gﬁztfgﬁtétf‘%ﬁ%%%&ﬁd sacrificial
material arahhbydrivdanbakeribituthe andionsubstitided d dytaliasserdndl §actifiCia) aflateyial; (1) causing
the second;sagricial MAlesipl 69 AR MBRSRAYPLOIOIR AIIIQ R SRSROUBARSBMPRASITIRR prgructs; and

(J) removing at least one of the one or more gaseous decomposition products by passage through the
overcoat la e%os??)ﬂ!lﬁt@%)%(?'more air gaps are formed

44.  The method of claim 43, wherein n is equal to 2 to about 10,000.
45.  The method of claim 43, wherein x is an integer from 1 to about 10.

46.  The method of claim 39, wherein the sacrificial material is a polyether

polymer comprising repeating units represented by the general formula of:
0—R®¥-0—R®0

where R?’ and R?'independently represent linear and branched (C;to Cy) alkyl,
hydrocarbyl substituted and unsubstituted (Cs to C4;) cycloalkyl, hydrocarbyl substituted
and unsubstituted (Cg to Cyp) aryl, hydrocarbyl substituted and unsubstituted (C, to Cys)
aralkyl, (Csto Cy) alkynyl, linear and branched (C;to C,3) alkenyl and nis equal to 2 to
about 100,000.

47.  The method of claim 46, wherein n is equal to 2 to about 10,000.
48, The method of claim 39, wherein the sacrificial material is selected from a

polymethyl methacrylate polymer, an acrylate polymer or a mixture thereof where the
polymers present each have a molecular weight of about 1,000 to about 1,000,000.
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within the semiconductor structure, wherein the first and second sacrificial materials are independently
selected from one or more polycarbonate polymers, polyester polymers, polyether polymers,
methacrylate polymers, acrylate polymers, or mixtures thereof. 50. A method of forming one or more
air gaps in a semiconductor structure comprising the steps of: 50 2 3 JUN 2006 &2 f¥thiaejea
patterned layer of a first sacrificial material on one side of a substrate corresponding to a pattern of
one or more gaps to be formed in the semiconductor structure; (B) depositing a second material on
the substrate within regions bordered by the first sacrificial material; (C-1) forming a first overcoat
layer of material @gerlyingrifechpaidefoecintpyes of therditst gassificiabensitemnadliatd strace@eond material in

the region%g}geggig(%itpg ét}%s‘f%t sacrificial material; (C-2) forming a patterned layer of a second
sacrificial materia the fir'st overcoat layer corresponding to a pattern of one or more gaps to be

formed in the semicondédtor JatRiNge: Reltead RyatiateditRikpRiHE dnaietRLoY sPBRde ®ht layer

within regiansibseeie merbspiielingaordbagsrificfalinatariate Gard) tobuitgnsegacansl overcoat layer of
material overlying th layer of the second sacrificial material and the third material in the
regions bo?gg}r{g%y%}lgera%ﬁe@oﬁr%’ sacrificial material; (D) causing the first and second sacrificial

materials to decomposelfhito O¥RPEPItRER $RESBE BRI PHHGHTOR P FAGUKRIMIRIIES removing at least

one of the phraHedsy thedpeiieiiranmpaasiion products by passage through the overcoat layers so

that one or more air gapﬁ%?re fPrmed W#th&n the se{nalglgpgyg.aqr structure, w eremﬂthe fgst and second

e : . orming a first overcoat | efial overlying the patterne
sacrificial materials are i ependenqgf selected from yingthe b

layer of the first sacrificial material and the second material in the regions bordered by the
first sacrificial material;

(D) causing the first sacrificial material to decompose into one or more
gaseous decomposition products;

(E) removing at least one of the one or more gaseous decomposition
products by passage through the first overcoat layer so that one or more air gaps are
formed within the semiconductor structure;

(F) forming a patterned layer of a second sacrificial material on the first
overcoat layer corresponding to a pattern of one or more gaps to be formed in the
semiconductor structure;

(G)  depositing a third material on the first overcoat layer substrate
within regions bordered by the second sacrificial material;

(H) forming a second overcoat layer of material overlying the patterned
layer of the second sacrificial material and the third material in the regions bordered by the
second sacrificial material;

)] causing the second sacrificial material to decompose into one or
more gaseous decomposition products; and

(J) removing at least one of the one or more gaseous decomposition
products by passage through the overcoat layers so that one or more air gaps are formed
within the semiconductor structure,

wherein the first and second sacrificial materials are independently selected from
one or more polycarbonate polymers, polyester polymers, polyether polymers,

methacrylate polymers, acrylate polymers, or mixtures thereof.

50. A method of forming one or more air gaps in a semiconductor structure

comprising the steps of:
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one or more norbornene polymers, polycarbonate polymers, polyester polymers, polyether polymers,
methacrylate polymers, acrylate polymers, or mixtures thereof. 51. A method of forming one or more
air gaps in a semiconductor structure comprising the steps of: using a sacrificial material to occupy at
least one first closed interior volume in a semiconductor structure and using a c@rduckveisaterial to
occupy at least one second closed interior volume in a semiconductor structure, the at least one first
closed interior volume and the at least one second closed interior volume defining at least one gap

therebetween; forming gnpverkemingyesidmaie ialppithasassdidislanatesaiattomesigenductive

material with.{he uercont maerial s g 05 Aleas00s.qapiph Gl 2006 causing the
sacrificial material' to decompose Tnto one or more gaseous “decomposition products; and removing at
least one GTAMERMEIBIOATICHERe0oUs decomposition products by passage through the first overcoat

layer so that one or morsair gappavierigenedsmiihitatéhiel seriecuduetes sitpivegidhereby yielding
overcoate C(%pdu(ﬂi)vq str_[;rlrg{ures. 52 Th?emﬁthod of claim 51, wherein the overcoat material

ficial P . : .
completely fisThe ng%r mgraecaécﬁas P&tweeh the sacrificial material and the conductive material. 53.

The method of claim 51 (ieéreRrinedsabirficiuererabiayeiobalaiernal enarlyioadhemaitamedrbornene

polymers, pakyicarianmia sadmRIsmRRINSIAH PRYYSBESRdROAYSRBRN MRlYSaRISs Bpthachigtepolymers,

acrylate po#ygseégﬁ% mr%(g{é%g',thereof. 54. The method of claim 53, wherein the sacrificial material is
selected frOMm' ONe Of More norbornene polymers. 55. The method of claim 51, wherein the height of

the at least one first clodéa2intérimingfupatierreddaietnd mepgandisansiigis anatena cedomrelosed
interior voly(rec&i 1dyae cartipdrefiriatm Dhiwheseihths hrighiasthent teast orarsecond closed

interior volume exc the eig_ht of the at least one first closed interior volume. 57. The method of

eds
claim 51, wiEHSH' u@%&éﬁﬁ&ﬁf fhaterial is a polycarbonate
(C-3) depositing a third material on the first overcoat layer within regions

bordered by the second sacrificial material;

(C-4) forming a second overcoat layer of material overlying the patterned
layer of the second sacrificial material and the third material in the regions bordered by the
second sacrificial material;

(D)  causing the first and second sacrificial materials to decompose into
one or more gaseous decomposition products; and

(E’)  removing at least one of the one or more gaseous decomposition
products by passage through the overcoat layers so that one or more air gaps are formed
within the semiconductor structure,

wherein the first and second sacrificial materials are independently selected from
one or more norbornene polymers, polycarbonate polymers, polyester polymers, polyether

polymers, methacrylate polymers, acrylate polymers, or mixtures thereof.

51. A method of forming one or more air gaps in a semiconductor structure

comprising the steps of:

using a sacrificial material to occupy at least one first closed interior volume
in a semiconductor structure and using a conductive material to occupy at least one
second closed interior volume in a semiconductor structure, the at least one first closed
interior volume and the at least one second closed interior volume defining at least one
gap therebetween;

forming an overcoat layer of material on the sacrificial material and the

conductive material with the overcoat material extending into the at least one gap;
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polymer comprises repeating units represented by the general formula of: ri O--R-O-C n where R
represents linear and branched (Cl to C20) alkyl, hydrocarbyl substituted and unsubstituted (C5 to
C12) cycloalkyl, hydrocarbyl substituted and unsubstituted (C6 to C40) aryl, hydgﬁdam?l stituted
and unsubstituted (C7 to C15) aralkyl, (C3 to C20) alkynyl, 52 2 3 JUN 2096 line ranched (C3
to C20) alkenyl and n is equal to 2 to about 100,000. 58. The method of claim 57, wherein n is equal to
2 to about 10,000. 59. The method of claim 57, wherein the sacrificial material is selected from
polyethylene carbonate cpodiymy thdyexafciabontidad tcadetatpe i erteain € @r fieegatisadof claim 51,

wherein th(§>e§$ HH?%LH‘B#&&[?A&S 2,golyester polymer comprises rgpeating units represented by the
general formula of: 11 C-R-C -O-(CHZ)x O n where R represents linear and branched égd!to C20) alkyl,

hydrocarby! substituted RPN ALERRIRRE @ 6 BN LIS LARFE IS HBLARRASEiAsBEREEtand
unsubstitutgth6Séate GiONganyle fiyslmeacoyt kyestmthdt and omavhstitutaps G forGikh)wdttkyl, (C3 to
C2) alkynyl, linear : X i out 20; and n is equal
102 10 Aol TO D A B Y 10,000, 62 The
method of claim 60, wherein xis an integer from 1 to about 10. 63. The method of claim 51, wherein
the sacrificial material is a polyether polymer comprises repeating units represented by the general
formula of: O-R' G2R21-The mdtbod Bf20samé@ R 2hénciepkea dearttpatpresaal dorepletahglfiisathehed (Cl to

C20) alkylyne or more gaps between the sacrificial material and the conductive material.

53. The method of claim 51, wherein the sacrificial material is selected from
one or more norbornene polymers, polycarbonate polymers, polyester polymers, polyether

polymers, methacrylate polymers, acrylate polymers, or mixtures thereof.

54, The method of claim 53, wherein the sacrificial material is selected from

one or more norbornene polymers.

55. The method of claim 51, wherein the height of the at least one first closed

interior volume exceeds the height of the at least one second closed interior volume.

56.  The method of claim 51, wherein the height of the at least one second

closed interior volume exceeds the height of the at least one first closed interior volume.

57. The method of claim 51, wherein the sacrificial material is a polycarbonate

polymer comprises repeating units represented by the general formula of:

0

O—R—O0—C

where R represents linear and branched (C, to Cy) alkyl, hydrocarbyl substituted and
unsubstituted (Cs to Cy,) cycloalkyl, hydrocarbyl substituted and unsubstituted (C; to Cy)
aryl, hydrocarbyl substituted and unsubstituted (C; to Cys) aralkyl, (Csto Cy) alkynyl,
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hydrocarbyl substituted and unsubstituted (C5 to C12) cycloalkyl, hydrocarbyl substituted 53 2 3 JUN
2008 and unsubstituted (C6 to Coo) aryl, hydrocarbyl substituted and unsubstituted (C7 to C15)
aralkyl, (C3 to C20) alkynyl, linear and branched (C3 to C20) alkenyl and n is equal {02 to about
100,000. 64. The method of claim 63, wherein n is equal to 2 to about 10,000. 65. T gn‘r‘é‘%c?&“@f
claim 51, wherein the sacrificial material is selected from a polymethyl methacrylate, an acrylate
polymer or a mixture thereof where the polymers present each have a molecular weight of about
1,000 to aledrl0d6rancthest Chlire Cag thibehgf aalim i62qudidoedritddqalyodeddgl methacrylate and/or
the acrylate polymer has a molecular weight of about 100,000 to about 250,000. 54

58. The method of claim 57, wherein n is equal to 2 to about 10,000.

50. The method of claim 57, wherein the sacrificial material is selected from

polyethylene carbonate, polyproplyene carbonate or a mixture thereof.

60. The method of claim 51, wherein the sacrificial material is a polyester

polymer comprises repeating units represented by the general formula of:

O

i
C—R—C—

O—(CH,)—0
n

where R represents linear and branched (C, to Cy) alkyl, hydrocarbyl substituted and
unsubstituted (Csto Cy;) cycloalkyl, hydrocarbyl substituted and unsubstituted (Cg to Cyp)
aryl, hydrocarbyl substituted and unsubstituted (C; to Cys) aralkyl, (Cs to Cy) alkynyl,
linear and branched (C; to Cy) alkenyl; x is an integer from 1 to about 20; and n is equal
to 2 to about 100,000.

61. The method of claim 60, wherein n is equal to 2 to about 10,000.
62. The method of claim 60, wherein x is an integer from 1 to about 10.

63. The method of claim 51, wherein the sacrificial material is a polyether

polymer comprises repeating units represented by the general formula of:
0—R*-0—R*-0

where R? and R* independently represent linear and branched (C, to Cy) alkyl,
hydrocarbyl substituted and unsubstituted (Cs to C;,) cycloalkyl, hydrocarbyl substituted
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and unsubstituted (Cs to C4) aryl, hydrocarbyl substituted and unsubstituted (C; to C45)

aralkyl, (Csto Cy) alkynyl, linear and branched (C; to Cy) alkenyl and n is equal to 2 to
about 100,000.

64. The method of claim 63, wherein n is equal to 2 to about 10,000.

65. The method of claim 51, wherein the sacrificial material is selected from a

polymethyl methacrylate, an acrylate polymer or a mixture thereof where the polymers
present each have a molecular weight of about 1,000 to about 1,000,000.

66. The method of claim 65, wherein the polymethyl methacrylate and/or the
acrylate polymer has a molecular weight of about 100,000 to about 250,000.
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