TI TLE OF THE | NVENTI ON: MATERI ALS AND METHODS OF FORM NG CONTROLLED VA D
CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This application clains
benefit of U S. Provisional Application No. 60/792,793, filed April 18,
2006. The disclosure of this provisional application is hereby incorporated
by reference. BACKGROUND OF THE | NVENTI ON [0002] It is desirable in both
the mcroel ectronics and i n nanotechnol ogy industries to be able to
deposit materials, which can act as fabrication aids, but which can be
easily renoved once fabrication is conplete. One exanple of this in the
nanot echnol ogy area is the use of SiQ2 as a fabrication aid used to help
fabricate silicon cantilever structures. Once the fabrication is conplete,
the Si2 can be renoved by etching in aqueous HF wi thout affecting the
silicon. The use of aqueous solvents to renove the Si 2, however, can

cause col | apsing of the small strruetor epedNeENTIORPI [ ary effects, which
arise during drying of the water, for exanple in cantilever fabrl cation.

It has al so been reppgteseial B2ND MEETHOHETH FORMING GONTROELEDORDIDYer SUS
Si 02 by XeF2 can be used for this fabrication by capping the silicon with

a thin organic nenbrane through which the XeF2 can be diffused. [0003] One

exanpl e of the use of gagygd- REFEhEW@@Toai@_MEﬁ RepPicAT@ONSCt I oni cs
industry has been the use of a sacrificial organic material to introduce

voids into an organosilicate glass (0OSG to nmake a porous OSG The
gener ati on 1ghof1hesss ¥Qiiestion éléimsqfefn@ﬁttdf\tﬁé)’Pr‘oQ?é%haMﬁ)h%ﬁlrﬁ% remgzowst ant

of the material because the dielectric constant of air .0, while the
di el ect ri c féashArrdiB, 2106 Nhealisiorra i this Arevigend agplicption Iwherqwempweeateq i mit
for diel ectyirgrepgpat ant in mcroelectronic fabrication is achieved by
|ncorporat|on of alr gaps, which exhibit an effective dielectric constant

of 1.0. The use of sacrificiglck@RBUMNE OFPHE ANVENPIRR Pron sing way to
realize this. [0004] Air gaps can be forned wthin the sem conductor

substrate iggogp)Vvat @%x.rém% rﬂ%&ﬁ feoh fcrdéﬁ’éb‘imn@%nm mtédnnsragmﬁdaemas fo 9ap

within a device is throu position a poorl }écon ormal materi al,
d

whi ch when bgeahiss o daposih "taéﬁfiadﬁ “@I@Lﬂ@@taca@%fahﬂ@ﬁloa aidfa £t which can be easily

removed once fabrication is complete. One exampie of this in the nanotechnology area
is the use of SiO, as a fabrication aid used to help fabricate silicon cantilever structures.
Once the fabrication is complete, the SiO, can be removed by etching in aqueous HF
without affecting the silicon. The use of aqueous solvents to remoVe the SiO,, however,
can cause collapsing of the small structures due to capillary effects, which arise during
drying of the water, for example in cantilever fabrication. It has also been reported that
the selective etching of silicon versus SiO, by XeF, can be used for this fabrication by
capping the silicon with a thin organic membrane through which the XeF; can be
diffused.

[0003] One example of the use of sacrificial materials in the microelectronics industry
has been the use of a sacrificial organic material to introduce voids into an
organosilicate glass (OSG) to make a porous OSG. The generation of these voids will
effectively lower the dielectric constant of the material because the dielectric constant of
air is 1.0, while the dielectric constant of the OSG material is generally >2.7. The lower
limit for dielectric constant in microelectronic fabrication is achieved by incorporation of
air gaps, which exhibit an effective dielectric constant of 1.0. The use of sacrificial
organic layers is one promising way to realize this.

[0004] Air gaps can be formed within the semiconductor substrate in a variety of
different ways. One method to form the air gap within a device is through the deposition

of a poorly conformal material, which when deposited on top of a substrate with a space
1



bet ween rai sed surfaces forns air gaps or voids between those surfaces. In
this connection, the air gap is fornmed within the spacing between a pair
of interconnect lines, when the spacing is partially filled with a poorly
conformal dielectric material, as shown in Fig 1. The poorly confornal
dielectric material may be deposited, for exanple, by chem cal vapor
deposition or other neans. This process, however, may not be anenable to
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sacrifici aolgsélﬁl a$1cf’ aét F&%QOSOH&‘FZQP‘}QQ%QEI?H{Iapgg%oogﬁg% sor or OSG

precursor qzvogmbhsawwmﬁmomg @fnpuysrpaatan@égysmmgmmr@w havi ng
the sacrificial 79?3721 and t he site materials to renove both

the ~sacri 19ASPTE AER BT G255 51 GAHELs MelocR eI E 280N m o
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process co rising: . providing a substrate; providing a substrate;
deposi ti ng BeEHLYER 5 removad ¥ip athrppal SnAge! ‘'under an inert environment or “burming

out” the polymer with an oxidizer such as molecular oxygen (O-).

BRIEF SUMMARY OF THE INVENTION

[0007] The present invention is a process for forming an air gap within a substrate. in
one embodiment of the present invention, the process comprising: providing a
substrate; depositing a sacrificial layer with at least one organic precursor onto the
substrate; depositing a layer of composite materials with a porogen that is the same at
least one organic precursor in the sacrificial layer and at least one silica-containing
precursor or OSG precursor onto the substrate; and applying energy to the substrate
having the sacrificial layer and the layer of composite materials to remove both the
sacrificial layer to provide air gapes and the porogen to form a porous layer.

[0008] In another embodiment of the present invention, the process comprising:
providing a substrate; providing a substrate; depositing a sacrificial layer comprising
silicon; depositing a composite layer with a porogen and at least one silica-containing
precursor or organosilicate glass(OSG}) precursor; applying energy to the substrate

having the sacrificial layer and the composite iayer to'remove the porogen to form a
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silicon; depositing a conposite |layer with a porogen and at | east one
silica-containing precursor or organosilicate glass(0OSG precursor;

appl ying energy to the substrate having the sacrificial layer and the
conposite |l ayer to' renove the porogen to forma 2 porous |ayer; and
contacting the substrate having the sacrificial |layer and the porous |ayer
with a fluorine containing reagent under reduced pressure capabl e of

fli ffusi ngf porsuger! Sed m&looigghﬁ?/@lﬁbs&rateslﬁm ﬂ'nhéebynfﬁﬁrmyer hdiwth%étmrdnis' cihal
ayer to rmal g n et not not her e t .0 t he
present in3 ﬁi? @'ﬁ@"ﬁl‘% gr@ag%p- Rgedy p@%ﬂegag%ﬁ F&iﬂgsmg
deItDOiSI ting tﬁrdﬁgh@’(fje ;ﬁé?rbufl&?eﬁt@@élﬁcﬁvél?%e’iﬂmo@thdeacrfﬁml ialyectodbrm afygapwt tlh a t
nmet a prec epositing a,Co Site r W or ogen an a eas
i Pl oo DB R anhelhrdure? Soprians o Featesehy MuBiRef Ptss sor
appl yi ng ami;ﬁmngombbieur@tngtfsa’a& H@Mﬂﬁwgtahﬁoléﬁaﬂwént 50I&ble|rﬁét§lfox€dw t he
corrp03|te Iay@; to renpve g{%OI’O en to orma

or.0
cont act i ng SPREICA] faver with aHH?‘?h FYE0T SEPPSiting %P°m8 Ha%?ﬁﬂy tﬁﬁep%ﬁg‘?fh%“q ayer
with a pol ait Izt Ml@é‘&lll@ha@@hélﬁmgfpréhdrédi%rBﬁatnbélﬁ(séﬂél Iab@(OEG §cur‘s@}’§i§pl§nﬁg
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gaps. BRI EF CRDP fiHgétaSEVERAL i THE DRAWNGS [0011] FIG 1

Shows a cr o%aé;"fé%t'qyﬁﬁ with @ inelel RiisCiSer: §EPP AR IRYeS P adurederyBat of
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structure fornmed by renoving material th sg§an aperture in the bridging

| ayer of trw%lcarqoara"urﬁg precoeRpr wroanosyicalaHasHOSH) SECESH: ORLACITG g

i 11 ustrati ngbBireHasmp ke §éc§P|Iﬁ§|aQEyéif d?ﬁtth@gomﬁc%teflg*]é?‘mmﬂ Ppcthr st & of the
present invention using appli enerq to renove e L )
remove the porogen to form a porous layer and to remove the sacrificial layer to form air

gaps.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

[0011] FIG. 1 Shows a cross section view of an air gap formed by poor step coverage
of the prior art. _

[0012] FIG. 2 Shows a cross sectional view of an air-gap structure formed by
removing material through an aperture in the bridging layer of the prior art.

[0013] FIG. 3 Shows a cross sectional view illustrating progressive steps of a method
for forming a structure of the present invention using applied energy to remove the
sacrificial material in the void space.

[0014] FIG. 4 Shows a cross section view illustrating progressive steps of an alternate
method and embodiment of the present invention using a selective etching reagent,
BrF;, to remove a silicon sacrificial material in the void space.

[0015] FIG. 5 Shows a cross section view illustrating progressive steps of a further
alternate method and embodiment of the present invention using a polar solvent, such
as water, to remove GeO, sacrificial material in the void space.

3



sacrificial material in the void space. [0014] FIG 4 Shows a cross section
view illustrating progressive steps of an alternate nethod and enbodi nent
of the present invention using a selective etching reagent, BrF3, to
renove a silicon sacrificial material in the void space. [0015] FIG 5
Shows a cross section view illustrating progressive steps of a further

al ternate nethod and enbodi nent of the present invention using a polar

sol vent, syotme}asi@as Showk @ne paBsitle Colle t6 emirld £ dadl damiastérd cdppet Wetaroi d
space. 3 [0 1%}3 Fl 6 Shows one possible route to form ng a dual damascene
copper net AMETPAPASEIHBR: scheme. [0017] FIG 7 Shows one possible route

to form ng [OE]NEHIE. FSHBwE @Ne possibie roure taforminy £singleaiassemetoppel faidf]
FI G 8 Shows anot hc?r ssible route to formng a dual damascene copper
metal i nt eMUBHRBRE §8’II‘)F€H%. [0019] FIG 9A, 9B, and 9C are scanning el ectron

m cr oscope [00B)eFIGf 8 Snbwalanoier pedsible fout@ iy foRAng G dMal BarvasdkneRappsr USi ng
the present invention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0020] As

el ect r oni c RIS, IRErPPREFSCBE®econti nue to shrink, there is a need for

i nterlayer [goRI]eRIGIGA, OBLE)d 0BlaRE senminy diectnahictdddBie MhRje8F hétbaconst ant s.
Over the past . 12 years there has been, a rogress,l on of dielectric
materials YAV PI’I({B&G({:\SJ&I ¥oid sgacesdising the Prereit IveioNous OSG s with
dielectric constants as low as 2.0. In order to achieve dielectric
constants down to 2.0 it _js necessary to incorporate 25% or nore porosity
“nto the 0BG filns. As tRETAREGHBESERIZHONOF THEBMENTOM i nto the 08
films incr s it not only loywers the dielectri¢c constant, but it causes
an even gré§§ _&f&?@@é@#?‘ﬂ%&ﬁaweaﬁ cfitigpe fq sk fhetie ’Iﬁ?fd_%%rxanpl e, a
dense OSG fintbmaysr dleiettit @LIBGhitefals Withleddt lofer diefclitSconstaliC GV @ J)élﬁ” dness
of -3.0 GPQR whi IngWIth our PDEMSTM t echnol ogy é%ﬁ%ﬁ}or examl e US Pat ent

6, 583, 048 dnd/eBES 1PEEIAS kPeBAPBIHSSIRR OF HieleekICi m TRIERIOclPdiS R By o
ref er ence) GBE8AEHoWIE pPIRIRIOSE sWith dicldoe RORASHE ¥s AP ad 2@, 8Bhefddrité
constant of 2.2, but a mechanical hardness of only 0.8 GPa._ Extrapol ating
this trend achiexs dislgchiggonstants down to 2.0 it is necessary to incorporate 25% or more
porosity into the OSG films. As the amount of porosity incorporated into the OSG films
increases it not only lowers the dielectric constant, but it causes an even greater
decrease in mechanical properties.
[0021] For example, a dense OSG film with a dielectric constant of 2.9 has a
mechanical hardness of ~3.0 GPa, while with our PDEMS™ technology (see for
example US Patent 6,583,048 and US Patent 6,846,515, which are incorporated herein
by reference) a porous OSG material with ~25% porosity has a dielectric constant of
2.2, but a mechanical hardness of only 0.8 GPa, Extrapolating this trend to even lower
dielectric constants, it is likely that a material with a dielectric constant below 1.9 may
have a mechanical hardness of less than 0.3 GPa. Another trend which we have
observed is that: as the percent porosity increases there is a corresponding increase in
the interconnect path length. The interconnect pathlength, as measured by Positron
Annihilation Lifetime Spectroscopy (PALS), is a measure of the longest distance a
positronium element can travel without encountering a wall, or the longest string of
connected pores. This interconnectedness is thought to be important for atomic layer
deposition (ALD) considerations, as well as for interactions with wet processes such as
resist developers, resist strippers and CMP slurries. Therefore, it is thought that at
some point below a k of ~1.9 the ILD offers little in the way of mechanical or barrier

resistance and the difference between a highly porous OSG film and an air gap begins
to diminish.



dielectric constants, it is likely that a material with a dielectric
constant below 1.9 may have a nechani cal hardness of |less than 0.3 GPa.
Anot her trend which we have observed is that: as the percent porosity

I ncreases there is a corresponding increase in the interconnect path
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vol une percent porosit re generally from10 - vol une% porosity. The
first apprRseesssare fromed fram ﬂaegamecorgem PrecUsar. lrhﬁv%maanertwecqr@%we the air
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eve ope maki ng porous OSG
filns. |n sseped appoactisimitanto thedicsti emeloys a paspus canuns r‘?efebe\f%@eﬁecr'ﬂc'a*

co- deposi tage %Itc!an{ﬁgemlhdelnamn %ﬂn Rssich &hd &SficiaRaRG §6 Sovi&y Witwged from

the sane organic ecurs ner one orﬂanl ¢ material can be
utilized f@mn@@ttﬁiayneetﬂmbeﬁorepeaﬂarm@ernmdam%a@e a8 BPTOOEMS PBBO¥ERSG. A
second ap ’ f {HeSrhb ﬁm ¥SestarB M SxpoddPidWghayer over
a sacr|f|g%?%%%&e%%'gaoéggdegeed of { |coé1] In this ap%roach ?

sacrifici ayhlclawélrsqlgtlwygtc@@umpn Nergus SiOz or 0OSG, such as XeF, or BrFs, Wthh can

diffuse through the porous SiQ; or OSG layer to remove the silicon structure below
leaving a void. The third method employs the use of a sacrificial inorganic material
such as GeO, or B,Os, which is soluble in a polar solvent (i.e., water). In this approach
the sacrificial layer is covered with a composite layer either before or after patterning,
and after the porogen is removed to yield a porous SiO; or OSG layer, the fabricated
pieces are then exposed to water or other such polar solvent, which can diffuse
through the porous SiO, or OSG layer to remove the soluble inorganic material (i.e.
GeO; or B,O,) leaving a void. It may be advantageous to add a surfactant to the water
or polar solvent to enhance the diffusion through the porous layer, especially if the
porous layer is a hydrophobic OSG material.

[0024] The following are non-limiting examples of silica-based precursors suitable for
use with the present invention. In the chemical formulas which follow and in all
chemical formulas throughout this document, the term “independently” shouid be
understood to denote that the subject R group is not only independently selected
relative to other R groups bearing different superscripts, but is also independently



conposite | ayer either before or after patterning, and after the porogen is
renoved to yield a porous SiQ2 or OSG | ayer, the fabricated pieces are
then exposed to a gas which will selectively etch silicon versus SiQ2 or
OSG such as XeF2 or BrF3, which can diffuse through the porous SiQ2 or
OSG | ayer to renove the silicon structure below |eaving a void. The third
nmet hod enpl oys the use of a sacrificial inorganic material such as GeQ2 or
B203, whi chleiestesioblativeeta anyaadaitionsl sprebleemif thel saeng R\gadwgy. ) Forlexamples iralbpr oach
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[ nearI Ior bra][\clrliarduyff}._@ﬁhut@at.eg 1 B ghd/mads 13t i pl yduns?t uEat ed, ngc: ! c
partially or fully uori nat e ently to , |linear
or branched, saturaté€d, §?fﬁa'|ey“éﬁmﬁvrbsf'etﬁﬂ@ﬁj%ﬁf@d cyclic, aromatic,
partially qoo:.hql |-3R‘E(bﬁ93n8a13iﬂ@m(dR493§n whére FB.and FBxanpledadependently H, C, to

di et hoxynet hyl s:%ﬁ?e, di net hyl di net hoxgm | ane

(OR2)3_nSi - O Si tpeey o RiangRed: spiuralg %@3'36ah'[”Hg'pW]rﬂﬂ‘éE’é‘ﬁ?}‘é‘?rth“‘Hpa@a'hfo

G4, linear or bréﬁ?(ﬂh?(ﬂuoﬁﬁétéﬁ Freshd R @l be iRdepBndeht @, t‘@b@@hﬁﬁaﬁﬂoed cyclic,

partially or full | yorinated; R2 and R4 can be |nde£ende
li near or branched, saturated, singly or multiply unsaturated, cycli

c aromatle/ pamaﬁ!y OI(':O
fully fluorinated, nis 1to 3and mis 1 to 3.
- Example: 1,2-dimethyl-1,1,2,2-tetraethoxydisilane
[0028] - R',(O(O)CR?),.,Si where R' can be independently H, C; to C,, linear or
branched, saturated, singly or multiply unsaturated, cyclic, partially or fully
fluorinated; R? can be independently H, C, to Cq, linear or branched, saturated,
singly or multiply unsaturated, cyclic, aromatic, partially or fully fluorinated, n is
110 3.
- Example: dimethyldiacetoxysifane
[0029] - R'(O(0)CR?):,Si-0-SiR%,(O(0)CR*)s.,, where R' and R®can be
independently H, C, to C,, linear or branched, saturated, singly or multiply
unsaturated, cyclic, partially or fully fluorinated; R? and R* can be
independently H, C, to G, linear or branched, saturated, singly or multiply
unsaturated, cyclic, aromatic, partially or fully fluorinated, nis1to 3and mis 1
to 3.
- Example: 1,3-dimethyl-1,3-diacetoxydisiloxane
[0030] - R',(O(O)CR?)3.,Si-SiR3,{O(0)CR*)1rm where R" and R® can be independently
H, C, to C,, linear or branched, saturated, singly or multiply unsaturated, cyclic,
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branched, saturated, singly or multiply unsaturated, cyclic, aromatic,
partially or fully fluorinated, nis 1 to 3 and mis 1 to 3. - Exanple:

1, 3-di met hyl - 1, 3-di et hoxydi si |l oxane [0027] - R" (OR2)3.,Si-Si R3n{ OR4) 3m
where R1 and R3 can be independently H C, to C4, linear or branched,
saturated, singly or nultiply unsaturated, cyclic, partially or fully
fluorinated, R2 and R4 can be independently C, to Cr,, linear or branched,
sat ur at ed, si ngl ypaetallgnot fullp Ayorimsed; R aindR* cay beiindepanderelyi,,C.taiQsj laleday or
fully fluori nate

- i et iyl o 5 0 beriched. sefurateduadl of atyaRdjesturstea B, cromatic pagtialipe, o
R can be indepenﬁ&mylf}ﬂohhaté‘d rhe1GéBéndma§1m3 branched, saturated, singly
or nmultiply unsaturated cI| i ally full Iuorlnated R2 can be
i ndependently H, Cl to P'Pni’gr &Wﬁi'ﬂ&”%gﬁtra?g?té?’%f{'sé@ singly or

mul tiply ure@sqr atFéﬂO(O&&RHgiSé-ﬂ-SiﬁL(iGRﬂfmﬂhérelR1yandrR3foahIbﬁ ihdependestydd, n
is 1to 3. Exa . di et I acet oxysi |l.ane

R (00,02 5 - G GrreEPeT RS HRSS SR ar Il msaiurated, f¥elndent | y
H C to cg, Iinlep_asrtiauy obﬂmyllﬂhmhat@cmn}roahl?ld mdép@ghg’ntlyrH mltblqgl bhear or
unsaturated, cyc |c rtia uori nat ed

aapondent |y L besnorBacsativpish Sholybristulinth Seataates: crde Sremal-pagiely o

nul a i pl y3 unzaturfanyawi;,onﬁmblR“cawwrxae;fendamiitcaid&, omea‘rtdcribrarfche@rl nat Ied n
is to and mis e i ac si | oxane
160301 °- R n( o Oy eABFIe0 s ahs PR RE TRl et el Sregati, ARG o Uk

I ndependent |y  Hflugrindted,Gis 1l torBesid @ris bresched, saturated, si ngI y or

mul tiply unsaturated, c C|IC ul | orlnated R2 and R4
can be independently "H, l‘f"mPS QZ’%‘P h’@(g?'a %BMG‘S'%P& ated, singly or
nul tl iply 3urlegcz;r atWQtO(Q)GR?)QﬂSI-&RﬂMRqM paetd R dnd Rbdanfbe hﬁe;ﬁéﬂd@hthﬂﬁt ed, n
S to and m i s

1, 2-di net hyl -1, 1,19, 'tr@?Fa ?!éf%@'ﬁd?%‘f*{aé% sjngdysarmultiply unsaturated, cyclic,
R n( (O CR2) 3_, Sipadiafly BafuliPRdorated; RMtah®efhdepead&itiydic e G.niepepdent |y H,

branched, saturated, singly or multiply unsaturated, cyclic, aromatic, partially or
fully fluorinated and R* can be independently C, to Cq, linear or branched,
saturated, singly or muitiply unsaturated, cyclic, aromatic, partially or fully
fluorinated, nis 1 to 3 and mis 1 to 3.
- Example: 1,2-dimethyl-1-acetoxy-2-ethoxydisilane
[0033] - R',(OR%),(O(O)CR")4.pSi where R’ can be independently H, C; to C,, linear
or branched, saturated, singly or multiply unsaturated, cyclic, partially or fully
fluorinated, R? can be independently C, to Cg, linear or branched, saturated,
singly or multiply unsaturated, cyclic, aromatic, partially or fully fluorinated and
R* can be independently H, C, to Ce, linear or branched, saturated, singly or
multiply unsaturated, cyclic, aromatic, partially or fully fluorinated, and n is 1 to
dandpis 1to 3.
- Example: methylacetoxy-t-butoxysilane
[0034] - R',(OR?),{O(0)CR*)2.,Si-0-SiR%,(O(O)CR®)((OR®)5.m where R' and R*can
be independently H, C, to C,, linear or branched, saturated, singly or multiply
unsaturated, cyclic, partially or fully fluorinated; R® and R® can be
independently C, to Cs, linear or branched, saturated, singly or multiply
unsaturated, cyclic, aromatic, partially or fully fluorinated, R* and R® can be
independently H, C, to Cg, linear or branched, saturated, singly or multiply



C, to 4, linear or branched, saturated, singly or nultiply unsaturated,
cyclic, partially or fully fluorinated; R2 can be independently H C, to

C6, linear or branched, saturated, singly or multiply unsaturated, cyclic,
aromatic, partially or fully fluorinated, R4 can be independently C, to
C6, linear or branched, saturated, singly or multiply unsaturated, cyclic,

aromatic, partially or fully fluorinated, nis 1to 3 and mis 1 to 3. -
Exanpl e: 1, 3-di n&trhsiuréte@,@bmhr&nﬂbhpﬂdiﬁéﬂfuﬂ@mrih@l@a% is1to3, mis 1to

R n(Q(OCR2)3.nSi;Si 4 ere and R3 can be independently H C,
to C4, |inear %Pd?ﬁﬂéggné&'ﬁ é&g si ngl y or multiply unsaturated,

cyclic, parti al 'y or- f gk&plet mom—umétM1 ﬂauaeaaxjae,a-didmbmlbkéne H C to

aromati o BOPHIaI TS ARSI oo SRRt QR RIORhep STPRIR I ELVT, 1o
C6, linear or bran@p@ddentw L(mbezﬂ, lirfdiah g Nraﬂbhéﬂ,llshluﬁdtﬁdw”l?iun’mhﬁﬁiy cycl i c
aromatic, partially or fu quorln

Exanpl e: 1, 2-di né{rﬁ9qurqegl, ya@a@( a% k‘ﬁhﬂ‘é‘?’\"ﬁﬁé’ 508%53 r’l)ea lndepen]dent?yé

R n(OR2) p( O O) CRAp £, (IieB) & brahstied, Eétufaﬁléu l%mglty’@ﬁﬁﬁlﬂﬁ?@hbé/tuiéte&cyélm C4,
| i near or branched, saturated, si n

unsat ur at yclic,
partially or ful I%FO'“PV%(P?F‘WHY QEIm"‘Rﬂ t"E’eR T{%ée%éﬁ%'ﬁf’?i?ﬁ'@e"ﬁbﬁ(é tq Cmear

or branched, sat ugnahesh brasdned! yat@rratéw L;rngw mmw unﬁt@:@tedcwdnb Caroﬁhbﬁdimt ic,
partially or full quorlnated and can be pendent |y

| i near or branch ’%XPBF‘QF@HW’@%WSMO Sni i |1|5?§ pishiqy Q'E"éﬂ S Hﬁbgl c,

aromatic, partially ar Euéﬂn}élefHU@Elinﬁlétﬁ)ﬂd 2-aiadetexy-s 2ldibMoxyididRb S 1t 03. -

Ex | t hyl t oxy-t - but |
R ﬁ?pmg) P?E?Qg acgﬁlgswangﬁgf( o ane E@@fm%@?@)hﬁf?rﬁqa%& €€ and R3 can

be i ndependent|y jkiiedendbmtiy®, C,'tb'mal'n&? obb@ﬂ@ﬁlﬁﬁ saftipdttd aikfly oSmlibly Or
mul tiply unsaturated, cyclic, partiall uInyIuorlnated R2' and R6

can be i ndependé%WPt}"@e 'tWC'&PaF?HSéa"rfuﬁfﬂW@ﬁ@ﬁ’eam §z§’i"’l¥r%%‘ﬁ""@9ﬁbff‘§mor
mul tiply wunsaturafsesl, cyclic, arorratlc partially or fully fluorinated, R4

and R5 can be |ndependentl3é C6, |inear or branched, saturated,
singly or nulti p|FS)<amp es: 1,3, ,T-fetramethylcyclotetraSIonane octamethylcyclotetrasiloxane

[0037] Other precursors which can be used for the SiO; or OSG deposition are for
examples: TEOS, triethoxysilane, di-tertiarybutoxysilane, silane, disilane, di-
tertiarybutoxydiacetoxysilane, etc.

[0038] The present invention is directed to the use of a sacrificial material deposited
by any of a plurality of traditional methods known in the electronics fabrication industry
to be used as a sacrificial layer in the fabrication of a void space. This layer is
particularly useful in the fabrication of air gap structures in the microelectronics industry
and for “releasing” structures or fabricating void spaces in nanotechnology fabrication.
[0039] Semiconductor substrates having one or more air gap structures contained
therein and methods for forming same are described herein. In one embodiment, the
one or more air gaps are formed within at least a portion of the spacing between
conductive lines within a layered subsirate. The term “conductive lines”, as used
herein, relates generally to metal lines, traces, wire, interconnect lines, signal paths, or
signaling medium that provide signal paths for coupling or interconnecting electrical
circuitry within the substrate. The structure is readily scalable to multiple ievels and is
compatible with Single or Dual Damascene processing. In certain embodiments,
dielectric layer may be a solid material or alternatively may be porous and/or contain
voids, cavities or air-gaps.



unsaturated, cyclic, aromatic, partially or fully fluorinated, nis 1 to 3,
mis 1 to 3,pislto3andgislto3. - Exanple:

1, 3-di nmet hyl - 1, 3-di acet oxy-1, 3-di et hoxydi si | oxane [0035] - R "
(OR)p(AOCR4)3,,.PSI-SIiRBM( OO CR5) g(OR5) 3-m q where R and R3 can be

i ndependently H Cl to C4, linear or branched, saturated, singly or
multiply wunsaturated, cyclic, partially or fully fluorinated; R2, R5 can
be i ndependent | yF(RST EMM)JMENTea&DRGIAMCMﬂEEISAQRIBIGAIEMAT&ER@LS or

mul ti pl cI C ar.o t (o}

R L an o 3 Bl afbBrlyent o Ba8foubrodii [aBt 158 h ttete el lRid AR

fs: ngly or Byl dsiny meLlatSIeaslrcﬂbestmecmgjanm pracarsat for deppﬁﬂdin af bqthdhe satidficial
uori nate

to .3 ™
Ey o] oot ayeh ahd fory1s8 pea BbioBiet it he Rostheisle vkl 15t Sfinile = hEbS ™ raar i
sH i cc):xatnes @fioxltril&:rfacgrauibat to@si Hanﬂaid@e\defkg Becaust tha samlﬂtrecursmdepeerdesrt |y
(0] I near or rat e nmu

rsst ur ot edhe plBRELprSturerTar [Re aehfc Ve dngy b e dnS orghiia, Mfaden aregitsor

i nt eger hf Ir e Pm pBolas@lcaﬁ belnua |5m5’|iyt ﬁﬁlﬁ@m hiyé @V(éa@\t,\lﬁ_hé @‘Bgérﬁn(ﬁl’iﬁursoa f
oct anet 1.l OXane er cursors | C can e se or
ohe e 05 oy fEbving 5A apibrg 2t tessh A5k S5 PR 1 St Pradient 281

f” - E erti gr %bbummétwa@a thel dagnficial ddyer bﬁgﬁhe ;ﬁbrous layer. US Patent tNos 6,583,048

er i ar ut o X e 1 ONn,
i ot t GraEbREEIS ¥ Bsu 06 pitsfared U ot el el 123 plige “some

plurality ekeinprél CVDNAEthoas thad makbewsed o fdie thk @edanoBilicste filmd bf thatpresent
industry to be used as a sacrificial layer in the fabrication of a void
space. Thi AR} is particularly useful in the fabrication of air gap

str :‘JCL ur es {004 1] hevithcit eRIrRChdund By tnamﬂm*lier yiatuw@f fti orgamicepricOBor SikedIes ur es
or abri cat Ol aces 1 n anot ec 0Ol O lcatl o

Sem contuadshoait b 0 B8 oRe in BR e AT and 545S seorliciel e bumeeriaie

t herei n andies®ibi® dtribGtes f OTHY e@a&iwprean:@odeﬁ@md tb%daﬁlért@l e delveP&into the
enbodi nent, the ne or nore ai r%;gl F are fo él}é @t | east a por.tion
of the spadPfiioBet r i8oMeu8es OEs tW\:’rF r‘r'\ '5 i§ Arsiragle sthat ey xvaryg e

t er m " condyeédursorliavesa meé@urﬂﬁl@d/apbeb@ssurerﬁlt@ﬁ@éra@ﬂesroaksbyd@r mateal It||$ nes
traces, wre,. I.nt ?I‘ connect I hes, g? nal In

at ,
o ovi de o1 GRS AT T PraaER Bt ST Fetoh R o8] ShgTbbat Py way that i~

forms a material which does not have a significant vapor pressure at temperatures of
100° C or more, more preferable, it is desirable that the porogen react to form a material
which does not have an appreciable vapor pressure above 200° C.

[0042] The number of degrees of unsaturation in an organic molecule are defined as
the number of multiple bonds or the number of ring structures in the molecule. Thus a
single double bond or a simple ring structure in a molecule is one degree of
unsaturation while a triple bond or a double bond in a ring structure is two degrees of
unsaturation. The number of degrees of unsaturation in the organic precursor will affect
the deposition reaction, with higher number of degrees of unsaturation generally
resulting in higher deposition rates. Without being limited by theory, however, it is
generally observed that materials deposited from organic precursors with higher
degrees of unsaturation are more difficult to remove completely, therefore a balance
must be found between deposition and removal.

[0043] In some cases, it may be favorable to have a hetero-atom (e.g. oxygen,
nitrogen, or sulfur) in the molecule, which may enhance deposition of the porogen or
sacrificial material. It is believed that in a plasma environment, the hetero-atom will
increase the electron capture cross section, and thus, increase the number of neutral
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circuitry within the substrate. The structure is readily scalable to
multiple levels and is conpatible with Single or Dual Danascene
processing. In certain enbodi nents, dielectric |ayer may be a solid
material or alternatively may be porous and/or contain voids, cavities or
air-gaps. 8 FI RST EMBODI MENT: ORGANI C LABI LE SACRI FI Cl AL MATERI ALS [ 0040]
In this enbodinent a sacrificial organic layer is used to create the void
space. By radicalgin the qais ghass! Thizcncrea®e i ihamuenker ©F Hewtest rédiealslwbisbrtebs@ of

both the s r|f|CLaI ayer an n.in onposi te
Poyer " or B8 depeeiy esion AT s fenetioniTs pRISR B TE pdkstii RETBERIRS of
into the d¢muﬁaraﬁeﬂ§use t he same precursor Is used as the organic
recursor f crtficial |layer and t r or o
P eourcor 1864 PEeeAR I e nosdiling Brerhais: PRl RE SRRbIE (B iR hrosnig o¢
one organr@naﬁmaugapme"ﬁ@hh@Ted by flornng an addItIO?ﬁ| at Ie?st one|CSG
precur sor ent can e for n e sacrifi ayer
Pt he pofB 5 25 o Bidsaehsnsma el he geBRr (mula i s WIRES 754 6 b aHEsnE
?h0i34 379btr6a Mré:b&”&fcaﬁfdﬂnts\ri]mlﬁ%y&ﬂé&ﬁr@r@;& d@m@f | ﬁﬁfaﬁmnar\»he@/memw?ds
at nmm use o formthe organosi]icate film,.o ese i nvention.
(0041] z\nﬁ’&ﬁp'lﬂ NP\ SiuRe obY faf‘g'é"d’r bydregarbons gubstifptedipn %B’G HructiiPsor

used to deposi tExﬁﬁfplbstlhéIuw@QGm)dahethQ ACBifRasIdyelohaysfie, anﬁleta -4-hre
sacrificial |ayer rtain desirable attrlxtfut es. The organr C precursor

shoul d be able t”EPB e@é eyclohexanes Cyclegrtane, mathylysloomtaRsesiCi n t he gaseous

form therqomreq i2) LindaflesthraAéhed), &étaratédr%w@m@rnh@r Cpl?ﬁﬁQatﬁl%‘tEd MaifScarbons
measur abl er"é pressure at terrperatures of nor e is desirable

that the o Qe”ﬁl’% P Cotraoeni-al WHEER D |31‘?ﬂ@"€|"|‘5‘ﬁffe¥ =ity nsuch a way that

it forms a rrateraxahmdré%l .ﬁaue@eérhyr@ﬁe rﬁﬁ@r@éla@etyien@anéonea@ﬁé PBEvHHigheat
t enper at ur is desirable that the

por ogen regzi’f‘e%!' -1 QTW"‘!Q'EFP@D @rai"amet%?@hblﬂ%@%@ﬁbﬂﬁ%dQf?néﬁﬁr‘"ec| abl e vapor
pressure aheosr]) 2% Singl 3{ &Qﬂaﬂrprvfmﬂsétufm&i cyic AparoeaboRs ofRe gbhlénat foRfiulan an
ef

organic nol ecule are | ned t he nunber_ of rruItr@ bonds or the nunber
of ring st etk wherexisjae HWPB‘E‘LHfé'”Sth[%e‘?AS't% iR freemaisgriee” Géhia 1drwWheri npl e

ring structing RuhBertof BaltRAY irftheTyBIRStARAIIE R tRitwed3 ahY ML émmeltﬁere cahi pl e
bond or a double bond in a ring structure is two degrees
be a plurality of simple or branched hydrocarbons substituted onto the cyclic structure,
The unsaturation can be located inside endocyclic or on one of the hydrocarbon
substituents to the cyclic structure.
Examples include, cyclooctene, 1,5-cyclooctadiene, cyclohexene, vinyl-
cyclohexane, dimethylcyclohexene, alpha-terpinene, pinene,. limonene,
vinyl-cyclohexene, etc. _
[0048] 4) Bicyclic hydrocarbons of the general formula C Hz.» where n =4 — 14,
where the number of carbons in the bicyclic structure is between 4 and 12, and where
there can be a plurality of simple or branched hydrocarbons substituted onto the cyclic
structure.
Examples include, norbornane, spiro-nonane, decahydronaphthalene, etc.
[0049] 5) Multiply unsaturated bicyclic hydrocarbons of the general formula CoHan.(z2+2x
where x is the number of unsaturated sites in the molecule, n = 4 — 14, where the
number of carbons in the bicyclic structure is between 4 and 12, and where there can
be a plurality of simple or branched hydrocarbons substituted onto the cyclic structure.
The unsaturation can be located inside endocyclic or on one of the hydrocarbon
substituents to the cyclic structure.
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unsaturation. The nunber of degrees of unsaturation in the organic
precursor will affect the deposition reaction, wth higher nunber of
degrees of unsaturation generally resulting in higher deposition rates.
Wthout being Ilimted by theory, however, it is generally observed that
materials deposited fromorganic precursors with higher degrees of
unsaturation are nore difficult to renove conpletely, therefore a bal ance
must be found beExsagieseipcadée i campimehe; e norbainenp OdBborhadisper EBthylidenet2-may
be favorable tt)o have, a hetero-atom (e.g. oxygen, nitrogen, or sulfur) in
the nol ecul @ URPEH® tr‘f*ay enhance deposition of the porogen or sacrificial
mat eri al . 1[0050] b Trieyelid Hyedcarbona optkmgmxeaﬂﬁrmtamsz tvherehretdr-oidit om wi | |

i ncrease th eI ctron ture Crogs  sec and i.n unmber
of “neut ral Wte 357 st 2R cBliEng [0HE 1TGEHE Qe beliBen WHERE: A HBe R
neutral r adheralcsnwzel 4 plurahtyeﬁsﬁnpléfmebcmabed hydrocarbébnscsidistijntedasnto e cyclic
deposi tion Hs elieved to be based on the reactions of neutral radicals.
[ 0044] The IO ng are non-limting exanples of materials suitable for

use as organic rﬁmume@ihsludéaﬁbmahm\nention [0045] 1) Cyclic hydrocarbons
of the gen

f | 2"
O boes X nipfib i RacroRT st ires lviainli ore s ars aloghl SRdand ing. o,
be ia pl U{ alth?geﬁéralsﬂofmhle G).Hzfp{@{,],gtmd)z nereoner-hd nendsatiest ixtisithechuortiep of he
cyclic struc

O ST el ot AR atriotied St i Detwhn DERAEL Rpe wheca ¥ isvhe BHERen

cycl ooct Snmnsﬁ&frﬁtyh wﬁdisfl.)mh@a&uct@ﬁecand[@aé{ﬁ.]ﬁea)o dnmgahd@fhdfw am:ﬂhedmmbelr
saturate , I n nujl t unsa car t ener a

o s SO b Goulinihd kSmb o s S Retbeh 3G Gha wherg- & Alcatel

i2ncl ;Jﬂelz i‘tfﬁud:ﬂﬁ;fnegtyl&é@mﬁeﬁﬁ%nmt r:\y:||k:n33n:ﬁc Eﬁ@hﬁveamopéndso?mt,afloqm , Z=1), t

- e -1, adl e e, Su I tute |.ene et C.
F00a7] " 3) SRIPYE ST 0. ik 572 BOIATOLYER K-thyaP o) s ROPEHaPaN R er ol

formula O eoszahgmas Kextalidniacs, Blam) ¢i=6) k=0,152] 2:2) @esdli(h<B =N, y48 z=1),
mol ecule, n = 14' \Q,ger_e t_ e_gbmi%er of carbons in the cyclic structure
i s between Qf‘dd'ﬁaorf@° WRE XileE €'Can be a plurality of sinple or

e o H RS e Bl ek sk S ok TR vor
general formula CnHans2.242,0, Where n=1-12, and where X is the number of cyclic rings
in the structure and is between 0 and 4, and where y is the number of unsaturated
bonds in the structure and is between 0 and n, and where z is the number of ether
linkages in the structure and is between 1 and 4, and where the ether linkage(s) can be
exo- and/or endocyclic. Examples: diethylether (n=4, x=0, y=0, z=1), 2-methyl-
tetrahydrofuran (n=5, x=1, y=0, z=1), 2,3-benzofuran (n=8, x=2, y=4, z=1), ethylene
glycol divinyl ether (n=6, x=0, y=2, z=2), cineole (eucalyptol) (h=10, x=2, y=0, z=1), etc.

[0053] 9) Hydrocarbon structures containing one or more epoxide groups and having
the general formula CyHzns2.242¢.2:0; Where n=1-12, and where x is the number of cyclic
rings in the structure and is between 0 and 4, and where y is the number of unsaturated
bonds in the structure and is between 0 and n, and where z is the number of epoxide
groups in the structure and is between 1 and 4, and where the epoxide groups can be
attached to a cyclic ring or a linear chain. Examples: 1,2-epoxy-3-methyibutane (n=5,
x=0, y=0, z=1), 1,2-epoxy-5-hexene (n=5, x=0, y=1, z=1), cyclohexene oxide (n=6, x=1,
y=0, z=1), 8-oxabicyclo[6.1.0]non-4-ene (n=8, x=1, y=1, z=1), elc.

[0054] 10) Hydrocarbon structures containing one or more aldehyde groups and
having the general formula C,Hzns2.24.2y-2:0, where n=1-12, and where x is the humber of
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substituents to the cyclic structure. Exanples include, cyclooctene,

1, 5-cycl ooct adi ene, cycl ohexene, vinyl- cycl ohexane, dinethylcycl ohexene,
al pha-terpi nene, pinene, |inonene, vinyl-cyclohexene, etc. [0048] 4)

Bi cyclic hydrocarbons of the general formula C' H2" _2 where n = 4 - 14,
where the nunmber of carbons in the bicyclic structure is between 4 and 12,
and where there can be a plurality of sinple or branched hydrocarbons
substi t ut ed:yclimtrﬁng& hetl"(ewtﬂu'bmre ahd isdiwesn Eaad@l asd wheteudis thaxnordbbematne,

r 0o- nonan e al ene, etc, 0049] 5 ltiply. at ur at ed
Do T o R EAE KR Bt BIcRE 2nd i pemed Band3, apd whighe ¥ 105 BLighat °f'
n]lcmberbof lmnalalf:ﬂyﬁ{)@duﬁs maaesﬁuﬂbmmneoatv?enm aTM 5iagplsbe(rjev\;]he Pﬁnber
(0] car nons n e I C rLu en an an ere ere
can be a SﬁPﬁFVWe rg%ﬁi‘fﬂ?‘é{dﬁi 'l@lh{'énit‘ye m@r‘c’)‘t?ar bons substituted onto the
cyclic str t ratj on ca ocat ed i de _endoc C._Or on
oY of ¢ he 03RS 10) SfirocBiRn e BturR Sflbidig ofS Bt fiord RhaE auPS S5 Boting co
i ncl utigogg?mgémralrfomml amﬁﬁgmp a;g:;rm ﬂﬁﬁ,125aiﬁtWﬂél‘e?ﬁﬁﬂwe?numl@érhﬂbmae
etc. CllC car bon t he ener a or mul a
o Rt e RSt i G ReBe R e 4 Suveate o Mehibhel of Hpeatiralid © "

EeéI ween g @deé—%\ thataﬂumhﬂsrantd i& imﬁfvﬂaee.aulﬁarhﬁn aatrﬂl whetb lztlsltl'@fntﬁ'r:lﬁéi bﬁalﬁléh)bn’eanc hed
rocar onssu5| on ClLI C SUTr ure es | .NCl uge
e o BPaa 1o StEiES Bhd iR 1D Ao ehd SHEts e ke R NP (D B8 conol
groups and ehﬂ-\/&rﬂﬂoréM@cﬂSﬁaeE&bmblé&ﬂuh&ue@ﬂrﬂibr%@#GZxﬂ,%szﬂmere n=1-12,
the structure and is betvveen 0

and where xi nunber
and 4, and C\Kﬁ@ Fignang (f‘ﬁ@’ ’hd (5 201%) n &P&Ba&%oﬁ B‘ohd!é_ % £ Dn&Cst ruct ure and
i s between d ere z is the nunber of alc . ps in the
compounds. A0S TR RABAPon R Tat s AHIING ope e MO IRPOHAGE I BRUS A can
behero- anahhom? erﬁuig@méllfcrmuﬁa(@qmn% 2y_Qz|(©DH)9hhéré-ﬂ31 1>Q=Qnd WhEre irslble
g; C|y oggﬁt gﬁ%rn%(aﬁggcychc rings in the stru"tur)e ang Is getweegl% and i( and v\yhere yIs t?ize

number of unsaturated bonds in the structure and is between 0 and n, and where z is

the number of carboxylic acid groups in the structure and is between 1 and 4.

Examples: cyclopentanecarboxylic acid (n=6, y=1, x=0, z=1), etc.

[0057] 13) Hydrocarbon structures containing an even number of carboxylic acid
groups and in which the acid functionality is dehydrated to form a cyclic anhydride group
where the structures have the general formula C,Hzns2.2x-2y-62(Q3), where n=1-12, and
where x is the number of cyclic rings in the structure and is between 0 and 4, and where
y is the number of unsaturated bonds in the structure and is between 0 and n, and
where z is the number of anhydride groups in the structure and is 1 or 2. Examples:
maleic anhydride (n=2, x=0, y=1, z=1), etc.

[0058] 14) Hydrocarbon structures containing an ester group with the general formula
CraHenv2-2x2y-22(02), where n=1-12, and where x is the number of cyclic rings in the
structure and is between 0 and 4, and where y is the number of unsaturated bonds in
the structure, and where none of the unsaturated bonds are conjugated with the
carbonyl group of the ester, and where z is the number of anhydride groups in the
structure and is 1 or 2. Examples: etc.

[0058] 15) Hydrocarbon structures containing an acrylate functionality consisting of an
ester group and at least one unsaturated bond that is conjugated with the carbony! of

the ester group, and having the general formula CyHznz-2x2y.2:(02), where n=1-12, and
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x=1, y=0, z=1), 1, 5-hexadiene-3,4-diol (n=6, x=0, y=2, z=2), cresol (n=7,

x=1, y=3, z=1), and resorcinol (n=6, x=1, y=3, z=2), etc. [0052] 8)

Hydr ocarbon structures containing one or nore ether groups and having the

general formula CnH2n+2-2x-2yQz where n=1-12, and where x is the nunber of
cyclic rings in the structure and is between 0 and 4, and where y is the

nunber of unsaturated bonds in the structure and is between 0 and n, and

where z i s viheee Risthe huaibeebhdiclic Hingsiagies struttireandtis betiveen Oamd 4, anbethseen 1

and 4, and where the her n,be, exo-.and/.or,endocycl,,c

o o Bl e oF RdaurafbeftrRin 6 s B8 (R ea@L BRI BHEHS 1n
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i vinyl ether

n oIe euc t ol n 2, y=0,
S0 Vet e, g ebi8hpng Jnaied e Buber SN el i Bk RBa R f62e epoxi de
groups and Exariphs: ethpenabagylade (h96,ME0ay<N1220), 21 X- 2y- 22O where n=1-12, and
where x is the nunber of cyclic rings in the structure and is between O

and 4, and {WBU]G 1) F@dﬁd&@rﬂ&ﬂ%ﬂﬁt‘tum‘s dmmmz%bbmct\théJWSa carbdive fuiictiorediur e and
is between 0 and n ere z

er of xi de [ Qup n the

Struct ur e RIS NG SafRIALoTINA Cafler everd OB MITS PRI Sn Where
zitt2 ached tmﬁtﬁﬁ?ﬂgﬁﬁmeCiWnr@shm Radtruehine and RXENESS0 and 4, arr\]d where X is 5

epox ne ane epo ex n=
<o, Y21 foaFumborcat sRasiutrlebhonds it elsieus ahy ispétyely and n. and whetey
ay gx abi C%Ch@{hé riLlnglielﬁQﬂcél'b@rﬁw gfdup8 in . snzm?’ln‘m tr@t@rbdr@ﬂ@%hp Jsﬁbl bﬁ

rocar pon ruc es, cont al ni one O nore a ou a avi ng
the gener aReRBPHANYOARBRY S Sp A YNGR o harsl B9 SRR St e
nunber of ahdisyer| ECarfd Wﬂ&eltﬁb biner grbnpﬁsl) g41¢ b8 BAdd &y chesVE@Bydlic 2 Estathpleand
where y |s he nugj‘o rq%nm nsaturate S.in the structure and is between

0 and n, » WTR0ET 1+ yﬁf' Zilaefigde groups in the structure and

Sy seen 51y yRigRRB iyt SopIt P GOl e DAL UaFLoRGH ok one

groups and sag\Haligg tﬁé@er@ﬁl&b@ﬁulé o A, SO, \Rmer%}h-azﬁz anbyheréwls 12,
and Wnere |s tF n@ of c clic rlngilnthe gture and is betvveen
& o i

0 and 4, a icrings ip, éiruﬁtl"'r%ﬁ rekvesD IB sandwherg XJ8 thict ur e

and is bet mmbeeoaumbamrat@admﬂb@rnethé str@ctwe&anmab@ﬁue@h RarfER YA wHEr@ YRS | N
the struct L{I’ e and is ? %ween and 4, and where the ketone group(s) can be
he number of afcohol groups in the structure, and where z'is the number of ether
groups in the structure and is 1 or 2, and where the ether group(s) can be endocyclic or

exocyclic. Examples: 3-hydroxytetrahydrofuran, etc.

[0062] 18) Hydrocarbon structures containing any combination of functional groups
selected from the following list: alcohol, ether, carbonyl, and carboxylic acid and having
the general formula CyHzn+2.20-2v-w-2y-3d OH)}Ww(O)(O),(OOH), where n=1-12, and where u
is the number of cyclic rings in the structure and is between 0 and 4, and where v is the
number of unsaturated bonds in the structure and is between 0 and n, and where w is
the number of alcohol groups in the structure and is between 0 and 4, and where x is
the number of ether groups in the structure and is between 0 and 4 and where the ether
group(s) can be endocyclic or exocyclic, and where y is the number of carbonyl groups
in the structure and is between 0 and 3 in which the carbonyl group can be ketones
and/or aldehydes, and where z is the number of carboxylic acid groups in the structure
and is between 0 and 2.

[0063] 19) Hydrocarbon structures containing one or more primary amine groups and
having the general formula CaHznsz-2¢.2y-2(NH2), where n=1-12, and where x is the

number of cyclic rings in the structure and is between 0 and 4, and where y is the
13



exo- and/or endocyclic. Exanples: 3,4-hexanedione (n=6, x=0, y=0, z=2),
cycl opent anone (n=5,.x=1, y=0, z=1), nesityloxide (n=6, x=0, y=1, z=1),
etc. [0056] 12) Hydrocarbon structures containing one or nore carboxylic
acid groups and having the general formula C H21,2.211 2y3l (OOH), where
n=1-12, and where x is the nunber of cyclic rings in the structure and is
between 0 and 4, and where y is the nunber of unsaturated bonds in the
struct ure anuhbes obensateated bands in tharstruetoes andisibetwddned andrbgandokherarzisxyl i ¢

d d b d, 4, | es;
vl opent ae BpmgRy i donie Bigtpd B o ipalEs add Btedeen FERTR, S wpere the
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is the nu er .o r,l ae s.in the struct anpl es:
ol eie s o BSE oGt dnds ebwshdlandih et kS
SH t2 r u<2:t ;r e; mmmﬁeuloﬁlémsv\;}t]mteﬂ&io?di g’r e ptroctuke édites;s@et\ﬁai 0 &od MUl witére z is
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o B G BB Lol PRty Bty Rl ARe oo Gundbar( 1 BEteBh 1 a4, Sl
E”SSt ur at edvhzva tse arglnetfﬁtﬁ:n&ﬂalmbaﬂ be eﬁdfl-chmreadﬁaﬁy&ﬁch OIExérhﬁesmsat ur at ed
onas are cpn at.e W 1 rou t he , an re2|s
Che nunber BPORRRYRMINAANS oDy T hs PR BERTe: sncy Tk 23 opiiite ERBrtTes.
etc. [0059]y=Boy=tlyétkcocar bon structures containing an acrylate functionality

consisting of an ester group and at |east one unsaturated bond that is
conj ugat ed mossl t:hle) Hyardearydn stﬁuctliéwccﬂﬁélmhg@héuﬁmowfbrﬂmybﬁmﬁg’g‘rﬁug@ﬂ@d al

L I ¢ e SR (BT Gl bR N b T2 A wher 1 s e o

t he nunber mfcyuimsra:‘gurmﬂe&tmmammustuwarrwlﬁhmear&ndher& ygs&astmfmtséwn or
equal to 1,

0 nsat ur at ed bo are.conju
with the oasaiyRes Bhtis e Shie e andTs BRaR ORI, A0S MhERS,E AIBF nUFDEC o1
groups in tdieersamyunhing groapd ir meboﬁ’fpoands &g egceret Byd apirtagtiere atee (N=6,
x=0, y—l, Zaml}né func?lonallty can be exo- and/or endocyclic. Examples: triethylamine (n=6, x=0,
y=0, z=1), N-methylpyrrolidine (n=3, x=1, y=0, z=1), N-methylpyrrole (n=5, x=1, y=2,

z=1), etc.

[0066] 22) Hydrocarbon structures containing one or more nitro groups and having the
general formula CyHzn+z-242y2(NO2), where n=1-12, and where x is the number of cyclic
rings in the structure and is between 0 and 4, and where y is the number of unsaturated
bonds in the structure and is between 0 and n, and where z is the number of nitro
groups in the compounds and is between 1 and 4, and where the nitro functionality can
be exo- and/or endocyclic. Examples: nitrocyclopentane (n=5, x=1, y=0, z=1),
nitrobenzene (n=6, x=1, y=3, z=1), etc.

[0067] 23) Hydrocarbon structures having both amine and ether functional groups
having the general formula C,Han+2-2u-2v-w-2x-3y-2{ NH2)W{NH)«(N},{OH), where n=1-12, and
where u is the number of cyclic rings in the structure and is between 0 and 4, and where
v is the number of unsaturated bonds in the structure and is between 0 and n, and
where w is the number of primary amine groups, x is the number of secondary amine
groups, y is the number of tertiary amine groups, and where 1<w+x+y<4, and where z is

the number of alcohol groups in the compound and is between 1 and 4, and where the
14



[ 0060] 16) Hydrocarbon structures containing both ether and a carbonyl
functional groups and having the general formula CnH2"+2-2w 2x-2y(Oy(Oz
where n=1-12, and where wis the nunber of cyclic rings in the structure
and is between 0 and 4, and where x is the nunber of unsaturated bonds in
the structure and is between 0 and n, and where y is the nunber of
carbonyl groups in the structure in which the carbonyl group can be

ket ones anddleohohbrtébyareine groupswiaerhe exor and/heemdnepelic. dxavplest 2d2oups in the

e sy 80 s SR A ]
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between 0 and 4, and where x is the nunber of ether groups in the
structure d06069)s 2&Htydestatbansiruétiaexdhavirgy Both enired ared cargom prjiorn grdups
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the number of carbonyl groups in the compound and is between 1 and 4, and where the
carbonyl groups can be aldehyde(s) and/or ketone(s), and where the carbonyl and/or
amine groups can be exo- and/or endocyclic. Examples: N,N-diethylformamide (n=5,
u=0, v=0, w=0, x=0, y=1, z=1), (dimethylamine)acetone (n=5, u=0, v=0, w=0, x=0, y=1,
z=1), N-methylpyrollidinone (n=5, u=1, v=1, w=0, x=0, y=1, z=1), etc.

[0070] This technique is illustrated in FIG 3A-H and Example 4 with regard to using
the at least one same organic precursor to deposit both the sacrificial layer and the
porogen in the composite layer. In FIG 3A a bare silicon wafer is represented, although
this could be at any stage in the fabrication of a microelectronic or nanotechnology
device. The first step is the deposition of the sacrificial layer via PECVD utilizing the at
least one organic precursor as shown in FIG 3B. On top of this sacrificial layer is
deposited a hard mask which can be any material which has good etch selectivity to
photoresist and the sacrificial layer, in FIG 3C a composite film deposited from DEMS
and Limonen is used as a hard mask is depicted. The next step, as shown in FIG 3D, is
the application of a pattern transfer layer, this can be accomplished by a number of
various techniques, for example by the application, exposure, and development of a
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nunber of unsaturated bonds in the structure and is between 0 and n, and
where z is the nunber of am ne groups in the conpounds and is between |
and 4, and where the anm ne functionality can be exo- and/or endocyclic.
Exanpl es: cycl opentyl am ne (n=5, x=1, y=0, z=1), etc. [0064] 20)

Hydr ocarbon structures contai ning one or nore secondary am ne groups and
havi ng the general formula CnH2n+2-2x-2y-2Z(NH) Z where n=1-12, and where

Xi s the nuptisoresist ol nanorimpent transfdreorgiossibtyuvia inksett tbshdnﬁgyempeﬁdiang
and where vy, is t stu at.ed n,the structure a
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(n=5, x=1, 0801} ZEldss sebiidnsTIEZRMME Were fea¥arbd wyﬁmoaéwnﬁm holvOPsiithe 23)

Hydr ocar bon structures having both am ne and ether functiona
havi ng t he SREHEFIE) OraaRiGmasens) ap were (pmeyed throygh GWQVRP?Z?%E\IW%%( %)‘@(96—02
wher e n=1- 1ghowatle SEMBbﬂotbgﬂaﬁhi‘, bﬂeﬁlbléhﬁm afhedlig td Fenidvadhe sacrifidRl fatddiat ur e

and is between 0 a and, whe
Iea\rfllng beﬂlnd “tunneis in the porous 0OSG network.

SECOND EMBODIMENT:

SACRIFICIAL MATERIALS OF SELECTIVELY ETCHED SILICON
[0072] It is known that a fluorine containing selective etching gas ({for example XeF; or
BrF3) in the gas phase, will selectively etch silicon versus silicon dioxide, for example
see Lopez et. al. in Micro Total Analysis Systems 2002, Proceedings of the uTAS 2002
Symposium, 6th, Nara, Japan, Nov. 3-7, 2002 (2002), 2 934-936 The etch selectivity
results from the increased chemical reactivity of single crystal- poly- or amorphous-
silicon with the XeF,, BrF; etc being used. One example of this type of fabrication would
be to form a cantilever by depositing a layer of poly-silicon into SiO, on Silicon and then
coating with a second layer of SiO, on top of the poly-silicon, after patterning and
etching both the top SiO; layer and the poly-silicon layer the cantilever can be released
by selectively etching the poly-silicon layer using XeF.. In this example the poly-silicon
is etched from the edges inward as the XeF, diffuses under the SiO, cantilever.
[0073] In this second embodiment of the present invention the fluorine containing
selective etching gas diffuse though a porous silicate or porous OSG capping layer
which is formed over a poly- or amorphous-silicon layer to etch the underlying poly- or
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v is the nunber of unsaturated bonds in the structure and is between 0 and
n, and where wis the nunber of prinmary am ne groups, X is the nunber of
secondary amne groups, y is the nunber of tertiary am ne groups, and
where 1 <wx+y<4, and where z is the nunber of al cohol groups in the

conpound rhRolREd; rbv,ﬂ-,oaﬂ V‘h C@fbg, H@i‘é é{rufc'ﬂ.ﬁe d %kc‘ﬁ%@ Lind&Hicy 1agen ne

groups can be exo- and/ or
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and is betGh@n 0 and 4, and where v is the nunber of unsaturated bonds in

the str Ucﬂgbf‘s 1318 4As Knﬁ%l n‘%’gyé ath% § forthE Fmtion oft ViR, W HRSProBéssPr | mary

am ne gro X 1S t condary amne groups, y is the nunber

of terti ardsiliganafgr ﬁu@#\) @ribeﬁmﬂw@x@?@ﬁﬁ&qlwn aprientie fsmA lager ofiOn unber
of car bonyly;gf %Ur%%eé%en‘} gf Jﬁﬁé@%‘k’é‘%lgﬁgf 'flﬁor*ﬂ?eté(@ﬁﬁgs %a@ﬂ@m‘}eaé}ﬁh@ wifhare t he

carbonyl groups can ket one wher € t he car bonyl

and/ or rﬁllmngvaﬁﬂpﬁelféﬂ%)ebi@ﬂoaﬁdmﬂ ueﬁ%r!?dyusut@ed iz pigP dsnot
N, N- di et hylJd Q%B?g‘ @r’ﬂoQﬁ\ %1%2 é‘l’aggr NP d/ é’lﬁﬁn c’énQ)e dép@sﬂe%ﬁ‘é? example using a

(di met hyl am ne et on y= =1
N- et hyl pyhigh tenenates mmﬁal G)&Elfromﬁlane/\deG %@AoTh%/nqxt 3@91?8 skawn infRYG70] Thi s

techni que A i {esdpiiddted df i ;Jéh&n%défe@%eﬁﬁ%bﬁ béd a\etérhplrsﬂlabgl atrumtsi ng
the at | east’ one rre organi'c precursor to deposit bot he sacrifici al
| ayer and efvarious techniques, for example by the application, exposure, and development of a
photoresist, or by nono-imprint transfer, or possibly via ink-jet technology depending
on the application. FIG 4E depicts the structure after the silicon layer is etched, this
can be done by for example RIE or using for example Cl,, or HBr. Next the pattern
transfer material (i.e. photoresist) is removed in an ashing step, a number of different
processes can be used in the ashing step, ie a O, reactive ion etching step, a O;
downstream ash, a reducing ash such as a H, or NH; downstream ash, or a UV
assisted ash etc. These lines were then coated with a composite silica or OSG as
shown in FIG 4G. Any number of processes can be utilized to form this composite
layer, for example: using a spin coater and Meso-ELK product (Air Products and
Chemicals, Inc., Allentown, PA), as described in US Patents 6,365,266; 6,592,980,
6,818,289 and 6,942,918, which are incorporated herein by reference; or deposited via
PECVD in a PDEM™ process (Air Products and Chemicals, Inc., Allentown, PA), as
described in US Patent 6,583,048 and US Patent 6,846,515. The porogen used to
form the porous silica or porous OSG is then removed in an anneal step as shown in
FIG 4H, this anneals step can be any number of processes, for example thermal

annealing under an inert atmosphere,
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porogen in the conposite layer. In FIG 3A a bare silicon wafer is
represented, although this could be at any stage in the fabrication of a

m croel ectroni c or nanotechnol ogy device. The first step is the .deposition
of the sacrificial layer via PECVD utilizing the at |east one organic
precursor as shown in FIG 3B. On top of this sacrificial layer is

deposited a hard nmask which can be any material which has good etch

sel ecti vi t]%/th?mnaci ﬂhﬂéﬂlhgajnﬂm amadxititing saosghees, ahemenm%élihg Eh&‘er&@g&um, i
conposite filmde used as ard mask is
Gopr ot ed: TRETHETE Siies G5 BENEan0Y ahRrelngeRE atniospher o reductah Pestoires
pattern t rae‘lsf'ﬁteseaﬁmplest\hers tmmeiib@swfwmﬂg lat he Folnand rovmtefperatury &rizous

t echni ques,_for anpl | i cati on, exposure, and devel opnent of a
15 phot or es‘?es“Pdc??i( asrtPB}'l"P F@?Ptransfer or possibly via ink-jet

t echnol ogy [0ePéIn dﬂ)ﬂl@r eétecttvbeetamts fopsiliesh tofb &E éinegutﬁé@wtél’ﬁﬁaﬁabr hair e
after the hardrga s etc this _can exa | E or wet

etch. Next Rfee WPQEUE?aHgf ngf%ﬂaﬁﬁ?quh@tergﬂgg?qﬁ 8uef) a gy@roby 7f or
exanpl e O2 didECiES shovvn in FIG3F, in th| s step it may be advantageous to

engeneer t ra at ern transfer mat er.i al

(i oY phot gﬁgﬁlsﬁ““stﬁw‘t’%&?m‘ﬁ@gﬁ sligeRPYel|SIQpeR@SGHE har d
Irras kt i s thenipetsmhr? depandal mﬁ Idvist témﬁéﬂaiurés ?&suhlﬁgﬁﬁ cf:;te%té?%btéﬁts»eﬁ;tc h ted this
imtin e o) | ative i npac

sacrifi gl al%pg@ dF|GA§3 g?"“’t’eh es%td PF‘?@gﬁphFéﬁﬁrr xﬂ°§gﬁ§’aﬁftﬂéﬁ gp&pturg R Bfdei t e

| ayer of PhEMoldlhessddiftialiiReRn inifReridd ¥iving st hirdPtutinelshirSthe i@adudresgy PECVD
as shown in FI G 3G wutilizing the sane at |east one organic precursor as

was used t I'%M¥YEsit the sacrificial layer, thus ensuring the ability of the

sacrifici al[otmnerwttmtmmthgtmnacwmﬁﬁubm&rposEibmadolfubndataethacernﬂ&en and
sacrificial |ayer a nunber of_ techniques, the

t her mal anr&8M %UF@EﬁﬁY'%E"thg‘ %’é“é’@r‘” B&ge thempterauafer diging; e’@BPé%shes@t!F?l ons

of the fil rtatweseecfmaﬁubmﬁb EahtaHNG lefeHilR] gustbembayheadilcoh Rfd ss,%%ﬁ\tef ci al
organic material was were renoved throug the por qus OSG | ayer. 9A

shows t he ﬁﬁﬂtﬁﬁ'?ﬁ %Qméhlémaaroﬂehétmta%ﬁﬁémeph@l@% 'WtQQfBVQUt'WﬁaP%C&éB'Pﬁl ci al
material  |veeah kG Major Rdue formabgals With Idemderatisal twor k. SECOND

EVBCDI VENT: [0§€6 Ilﬁ)lrct:tlséll_n %Trﬁﬂu'%c;sturgi)f gglﬁggg \ltv:\t/rltzllTQ](uuliE -Ic;r gas chSaInlﬁleI(s:%\lcould be
envisioned that the poly- or amorphous silicon layers could be etched into a pattern
allowing for mixing of chemicals at given points along the wafer, by allowing for muitiple
layers of channels it could be possible to do mulitiple step synthesis of molecules on a
single chip. Once the desired structure of porous silica or OSG and poly- or
amorphous-silicon layers were fabricated the device would be exposed to selective
fluorine containing etching gas in order to etch away the silicon to leave open channels.
It may be advantageous to fill up the pores in the porous silica or OSG layers, if
necessary, to prevent diffusion of the gases or liquids though the porous layer from one
channel to another. One way this might be done is to fill the pores with a poiymizable
organic species, such as a liquid which can be activated towards polymerization
effectively filling the pores. This process is facilitated by the capillary effect which will
render liquid inside the pores less volatile than material in the channels.

[0081] The fabrication of hollow core fiber optic cables is advantageous because of
the large difference in refractive indexes (RI's) between air (Rl = 1) and a porous silica
or OSG (RI = 1.2-1.46), this difference will allow greater signal densities and decrease
the signal loss compared to conventional solid core fiber optic cables. To fabricate a

hollow core fiber optic cable one could envision first forming a thin strand of poly-or
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[0072] It is known that a fluorine containing selective etching gas (for
exanple XeF2 or ‘BrF3) in the gas phase, will selectively etch silicon
versus silicon dioxide, for exanple see Lopez et. al. in Mcro Total

Anal ysi s Systens 2002, Proceedi ngs of the p. TAS 2002 Synposium 6th, Nara,
Japan, Nov. 3-7, 2002 (2002), 2 934-936 The etch selectivity results from
the increased chemcal reactivity of single crystal- poly- or anorphous-
silicon w tdmdrbleo%aﬂﬂ:pn&nﬂ?nh@t codtiag rﬂgs uﬂbd co@cms&e(ai*rcd or O8Gtiayar follomeadof
fabrication woul d to forma canti b ositin l.ayer o

ol v-s11 1 oo PPipEet sl e Shroat s et dfe. Lus SR torerodo e theslemd, o
Si 2 f)n tommmfg Usrh]r@ a)Qellls'etﬁrelﬂuome cc&ftélﬁmgﬁmmnggamgt mag bewvéfntagtladmttb (tjttdflﬁ t op
Si2 | ayer _a t he, pbo | cO rt captilever ease y
seloct vl JotteciPALRReIRw e Cher BUR kg B HTtaR o 6 BielBecrianml o 2 he
pol y-si | i conechiapicalstleagty. r om t he edges inward as the XeF2 diffuses under
the Si2 cantilever. [0073] In this second enbodi nent of the present

i nvention the fluorine containing selective etching gas diffuse though a
porous silicate or porous OSG CapHIRY EMBeDIMBERTCh is forned over a poly-

or anor phous-silico
anor phous-si licon V\#%#%ﬁ:?& %ER@‘L&ﬁw&Eﬁ’t'&ﬂ"M% S&ﬁ'(y %ﬁ& t he
gn](jlfer lyi n? [biam [ r;rr&rmrui atﬂbioasmhdalmayer(almd@ %feh@bhbbhﬁetﬁﬁ@ghé @tuﬂh a% eL i al
i ffusion n i s nner silicon |a an noved wi t hout having
to open a AR %&ﬁ% tBFPb(S'PatPtf’g“gt“é%‘/? 54 &Wﬁ ﬁr’f'BI es for
possi bl e usesbddimeritf tihet reSEM i@y, eft sti’bVththé‘HGéIbz i8larwatePsolible oxide
sem conductor Erlnalnuf éP§ formati gn %1;1 tunpels for the delivery of gases
2

or liquids™ carbe AR RPRRGE DY ANy @ ?&‘“B&P%P’L‘PS’H&‘EH‘%Sﬁ”& 7o
fabricati orchemicai Odipdr Im@pésifcrméﬁ FPECVD frofn RRabilyosvanapie prébdréte nzAerial€ of fre Of

advanced fi ber c. cabl es. The abil to build nulti ayers of
por ous Si OFP S}Orb%cbﬁ'gu%%@’%ares"?’i"? 'l' ¥e2R ARned! P’ieEoﬁe‘P'é‘p r?gved al | ows

for the abigrédurs@r fdrakes fmbtmgoﬂm@m@ausl@tmétgl &S rﬁﬁteﬁélé}&@élﬁé% It i es
whi ch coul d Ln&?eéact in a manner simlar to the circuitry in a ni cr ochi p,

especi al | y PHIMUeRIR germaniym AGeLbasgd presyrer isseieciad froR{gaarayr COREFHIISPY

pat hway f onefrdithektyl geimae, Qém’ué?iedtetrbﬂnéthbﬁy GEAfPRM add EtflalReynaf er (FI G
n anbient to forma layer of SIi(Q2 which

4A) |stherm?IIXlOX|d|zhed OEEF@%EGS r alayer | Y

i s necessar3PaNIHMegRh e hason tEsed BracuiRoF isReieaiedhirery tREroHP SRNSIBI ¢Tng

Wi th the tri-methyl boron, trimethoxy borane, triethoxy borane and diborane. At the same time
Si0; and OSG films are not water soluble, but will allow for the diffusion of wather
through then thus allowing for the dissolution of the for example GeO, covered by a
porous silicate or porous OSG layer.
[0083] The present invention further proposes to use a porous silicate coating over a
water soluble metal oxide layer to allow for the water to diffuse through the porous layer
and etch the underlying water soluble metal oxide layer without having to etch the
structure to expose the edge of the underlying layer.
[0084] Examples for possible uses for this technoiogy are: formation of air gaps in
semiconductor manufacturing, formation of tunnels for the delivery of gases or liquids
for example for use in drug delivery, or for the formation of a hollow core in the
fabrication of advanced fiber optic cables.
[0085] FIG 5A-1 shows on exemplary pathway for the formation of void spaces. In this
process a silicon wafer is coated with a layer of a water soluble metal oxide, for
example GeO, (FIG 5A). Onto this water soluble metal oxide layer a barrier layer such
as layer of SiO, can be deposited using for example a PECVD process (FIG 4B), the
barrier layer is used in this case to prevent dissolution of the water soluble metal oxide

19



silicon wafer itself (FIG4B), if a non-silicon underlayer is used this
step is not necessary. Onto this SiQ2 a |ayer of poly-silicon can be
deposited for exanple using a high tenperature thermal CVD from sil ane
(FIG 4C). The next step, as shown in FIG 4D, is the application of a
pattern transfer layer, this can be acconplished by a nunber of various
techni ques, for exanple by the application, exposure, and devel opnent of a
phot or esi stby aguebnys tetramethyfammonitmarysfexdde duringghstdiithpgraphyito deyetop the

hnol ' . application. FIG AF depi h |
L tor i e P REAReRErIe Beh, i iR i Be nkrisan,f fiber bivdp Takkh e ' £ or
using for aechmijues Giuset sudBras iflejet ot ingpripalithegraphy amreshployetht RIG SD (i . e.
P be uscdepiety hE S Aef e RelsP ogbi8 et AP stchertchhis Gndficby % 05
downst rgameaaMpleaRnEem}wsing@rqajﬁaswmtbemf AudriBcarboridHBcldding IF,£@5A:aC F; ete. a UV
assli ste a

tc., Thes [ wer.e then_ _coated with,a co site silica or
oot o s nHREHE snowis BaEIGE e RhEm i SRl & Bt Blré Beved il
t hi s conposishing sty amunioet ofdifisiehtprogésseg can Hpiused irptherashing sids te &0
product (A r_ Products .and

U "Pat ent o "Reck8 SCRENEY Slop: 8 G0 oNESUaa 280, AFRAUBNGAE S9! S5 AT e
i ncor por at edwinetream ably, dref @V assisted @sh @& OHidsedings werehelviBoated avitiREMIM _
PLOSeSS (A A SIS 58 owh B it SiPony b ieciend S04 000, L
por ous si | iutilzedt toforioihis édnipdsite 1dyer forea@vple: | isitgla 8pinedbate’ AR MesoHINN | Nn
Chormal PRI EreiFS AHa Gemica. S phisnusom, PAS 2 descrie S Agtesier an
oxi di zi ng #,385:286; 6592(98€] 688,200 anl 6942918 depositedivia PEGVDIiM@ PDEMBICh as
sampl 5. wePEORRENAERRLEH 415 GIATICAE 106 AUPHONR HlogheBERDEY It USERGH o
period of 16,563,048 &PUB Fatert 6846515 OPiétorddenaisedad /i tHe ceinpbsitd silidatsr
PACRR TN LT ORI M R
[0077] The caflbeciny\iuinbedbf procedielFonsthrisE hetinahan@aling usddriapanerover Si O2
or &SGis atmosphere, thermal annealing under an oxidizing atmosphere, thermal annealing

under vacuum, reactive ion etching such as O, plasma, UV annealing under

atmospheric or reducted pressures etc. These samples were then exposed to BrF; at 10

Torr and room temperature for a period of time as shown in FIG 51.

[0086] FIG 9C shows the SEM photographs after dissolution of a portion of the GeO,

with water to remove the sacrificial water scluble metal oxide leaving behind “tunnels” in

the porous OSG network.

{0087] For use in air-gap fabrication the mode would be similar to that for using the

pure porogen as the sacrificial layer, except in this case the GeQO, would be used as the

sacrificial layer, in fact it may be possible to fabricate the entire semiconductor device

before the air gaps are fabricated, this may offer some advantages in mechanical

integrity during packaging which is a major issue for materials with low mechanical

integrity.

[0088] For use in liquid or gas channels it could be envisioned that the GeO; layer

could be etched into a pattern allowing for mixing of chemicals at given points along the

wafer, by allowing for multiple layers of channels it could be possible to do multiple step

synthesis of molecules on a single chip. Once the desired structure of porous silica or

0OSG and GeO; layers were fabricated the device would be exposed to water in order to
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tenperature dependant with | ower tenperatures resulting in greater
selectivity. [0078] FIG 9B shows the SEM phot ographs after exposure of the
structure to BrF3 to renove the sacrificial silicon material |eaving
behind "tunnel s" in the porous OSG network. [0079] Wthout being bound by
theory it mght be possible to fabricate the entire sem conductor device
with the silicon in place, then after wafer dicing, expose the chip to the

S e: ecti veI feltdlmmeths @r':ettni toiigzgepeh icnmrm It maiywmgambgeaid todi) rn:panﬁ |

sel ecti ve y cre te the th nm er advant | nechani ca

Tt eority Baresis eedrats sita 455 hiers i RRbeantl RN SREERp L IrE R o v

Imec hagl cal [mdﬁiti@g’fdubbi thd @&80& |al§effr¢menera:hbheel andthet Wike way this/might bai t h
IQUI or as Ccha

vi si oned that the m)rphous
i 1T con | ayore R B0 Pees Miba palaabE e PerRon s ke Bk %5
chemi cal s a& tiveed mwaawpaymaﬁzétibﬁ ewe&melyfhungahé@wesg Thity protddsiip| e Iayers
of channelsf I.t coul d be osm&%qe to do rrulc{?ﬁ St%ﬁém he I s of polecul es
on a singlf@€l Wﬂby@ﬁ:%a whvehowill render dayd | POras; %%?Yﬂ'ate‘%G and
pol y- or Qﬁmmg@ﬁgnﬁuhé SdhnbRYers were fabricated the device would be
exposed to ctive fluyorine contalnlng etching. gas in order to etch away

the sili COI{EQQ? | dhedakyisahion abhpllowcore fiberpplic Gadles F-AdvapEgaaUs kel °lp t he

pores in thge RRIOUIFerehte Wﬁeﬁéct@&%de’ﬁ@l(ﬁl,s)lbfatwééﬁ@ﬁ(mf-W) dn@ dpcrussilica
di ffusion of the@ases or. liquids thou the or Qus Ia\éer fromone channel

to anot her o8RG ' 18 4)rﬁ"fﬁ1‘i" B"é’“ﬂ%ﬁ’é'g?"?wtgfe tef $iopg|depgifies any fecrgase

pol ym zabl ghe SigEANGSE RGPt coaTEntRhaPsdlitl @8teCfindn oplic &dbled) €T fabtivat ed
towards polynerization effectively fillin then%ores Th| S process | S

facilitat ed‘OB?/W eare fbghPPlicraple-pRecauidanisionfirst forminigainin SERNAPLHIGRA:A0% he
pores | ess tvgH &ddtihg thid #ith BRjoPEUsAilidaor (OB YRR NPhe siliddiasthe cdlg tete cat i on

of hollow core fiber optic cables is advantageous because of the |arge

di f f er ence H5§0NVed PWEY |U§‘€9|“Yﬁ§@'x dkmagrbe sfvantageass ta thenfrther cppt féﬁd’oé!ob’or ous
silica or JoRGiddRwith ahotet Iaﬁ@? :n dr&ér&o%é@‘nc&r xﬂBQ@brﬁ&a‘l ktréduow greater signal

densities and decrease the al | oss conpared to conventional solid core
fiber optido038| &Oaegn PSH??‘%&E@&‘@ of {38 P 3% & waterspivble mptal exidapYariodise coul d

envi si on figofdr sbREAEs 8n Beludbd irbpIBESS WateP @lith 8S; aﬁo@d@r&mg%eiéﬂohw and
then coating this with a conposite S|I|ca or OSG | ayer fol | owed by renoval

of the por G§BIFINING BRlesHEEASI9TE: katenes. aide hydas; Ag iy es eisueh SeMgNshe et ched
[0091] It may also be possible to co-deposit the GeO; and or B;0O; along with the SiO,

and or OSG in order to form a porous layer by dissolution of an inorganic porogen, in
this manner the device fabrication could be completed by dissolving the GeO, and or

B,0O; in water.

DEPOSITION METHODS
[0092] As mentioned previously, the sacrificial material and composite layers are
deposited onto at least a portion of a substrate from a precursor composition or mixture
using a variety of different methods. These methods may be used by themselves or in
combination. Some examples of processes that may be used to form the organosilicate
film include the following: thermal chemical vapor deposition, plasma enhanced
chemical vapor deposition (“‘PECVD"), high density PECVD, photon assisted CVD,
plasma-photon assisted (“PPECVD"), cryogenic chemical vapor deposition, chemical
assisted vapor deposition, hot-filament chemical vapor deposition (aka iCVD, or cat-
CVD), photo initiated chemical vapor deposition, CVD of a liquid polymer precursor,
deposition from supercritical fluids, or transport polymerization (“TP”). In certain
preferred embodiments, the deposition is conducted at a temperature ranging from 100
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away using a selective fluorine containing etching gas. It may be

advant ageous to then further coat this hollow core fiber with any of

anot her layer in order to provide nechanical strength. TH RD EMBODI MENT:
SACRI FI CI AL MATERI ALS SOLVATED | N POLAR SOLVENTS [ 0082] The use of a porous
silicate |l ayer and a water soluble netal oxide, such as germani um oxi de
(Ge™®), to fabricate structures is also contenplated as an enbodi nent of

t he presenttoidR§udtpreferablyt frora 200 dow25%) ahd Gt preferablydtoey 26Mio3H08. Akhalgh
mat eri al ,

Cuch o ' clbebelnop RopeTia b brah e BeegBePMn Sradipl S astbupt B

precur sor numiderstaddsthar thé I’chémlcﬂpleagéﬂilsm dplivsreddigothpasa gas ttethefredadtmwed
by an anne chhSt e

. Exa es, of re e for on a _wat er

o1 ot o teiversh 78 BARbreRuid, B SRIRHSQ i b iarsPhiRd hhds Bendafic |
(Ge) based gusentoris@reactrsel ected from the group consisting of tetra-nethyl

er nane, e, tetra t hox nani um nd tetr ha rmanl u and
Ore bor on’ TR0RHIc un(eBhE atiodientd SLG repnt yabin, Tt tabti o A o
tri-nmethyl mateasls atd fofekbd Bryudos @I&%matédrﬁhbét}(%é?ﬂ&ﬁ%paﬂﬁbpébﬁeﬁ @ﬂﬁesé\t the
same time le&é.angE%fllms ée not water so] ubl but \% aIIowforr) t he
di f fusi on {hd BRGRST: RBAMICR(Sage TS R tPWest nic reRCUQ FRATRET SYEN ¢ he
fT ﬁr exanpl fas@ﬁbuﬁﬁvafaﬁﬁbétbﬁné plé@ﬁfa%rﬁer@}t bricrgizes e dhefics rej@‘é@wisétuﬁébyt( [ 0083]

e present, i nven er use rous sii coa |n

e Pa S eatTaimies Pt anatlezst A pBiigh oL s Pstale e (e, T el
t hrough th&h@@ﬂl@slr%té 8atthe formed Bl the Edl8epuadtrnl wi élﬁarﬁﬁhrely tﬁ@be@eanﬂet al OXI de
| ayer witho VIF‘g@tO etch the strycture to expgse the edg%%ﬁfﬂthe

under | yi ng ‘reQ?é'F“’" SRFCRUSMIEE CPEPrPBe & Iepst asrg-PPlmenzakle AIEBlsy

are: for mathaterigifto fdrin ma&%::dlﬂhal wyet §M‘§M6$§t bn%ﬂu@é%@hﬂéfdn@pre&@’&&ﬁédcﬂ ragof
tunnels for the deliver %%ses or ids for exanple for use in drug

delivery, ¢ 98eneslaneg Wﬂ?'ﬂ °6?”‘%1t°ﬁ8'm C@H}pé’sit?l]a@’ﬁ% 1"'1“‘3351""f‘cat i on of
advanced figmodiaénts, BiaRlema ér@@ﬁépﬂﬁb@t@melreémn@g regRdra 0 etAhway for

the formation of yoi d slpaces silicon wafer is coated

with a | ayet? Y, NP %%IPB'MP@Fﬁﬁ‘é{P“%!EmdeF'°Wd?tesé%‘??H‘é’f@Wz’a@ﬁtﬁa"@()
Onto this vahgds Bethublte 5080 sécn@XPERslird%alued il fiel vaRliuhahambet8liring

deposition for a PECVD process of the present invention may range from 0.01 to 600
torr, more preferably 1 to 10 torr. 1t is understood however that process parameters
such as plasma energy, flow rate, and pressure may vary depending upon numerous
factors such as the surface area of the substrate, the equipment used in the PECVD
process, efc.

[0094]} In addition to the one or more chemical, additional materials can be charged
into the vacuum chamber prior to, during and/or after the deposition reaction. Such
materials include, e.g., inert gas (e.g., He, Ar, N, Kr, Xe, etc., which may be employed
as a carrier gas for lesser volatile precursors and/or which can promote the curing of the
as-deposited materials and provide a more stable finai film) and reactive substances,
such as gaseous or liquid organic substances, NH;, Hz, CO,, CO, O,, or N;O. CO;is
the preferred carrier gas.

[0095] Energy is applied to the gaseous reagents to induce the gases to react and to
form the film on the substrate. Such energy can be provided by, e.g., thermal, hot
filament, plasma, pulsed plasma, helicon plasma, high-density plasma, inductively
coupled plasma, and remote plasma methods. A secondary RF frequency source can
be used to modify the plasma characteristics at the substrate surface. Preferably, the
film is formed by plasma enhanced chemical vapor deposition. It is particularly
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as layer of Si2 can be deposited using for exanple a PECVD process (FIG
4B), the Dbarrier layer is used in this case to prevent dissolution of the
wat er sol ubl e netal oxide 19 by aqueous tetranethyl ammoni um hydr oxi de
during photolithography to develop the resist pattern (FIG5C), this |ayer
may not be necessary if other pattern transfer techniques are used such as
I nk-jet or inprint lithography are enployed. FIG 5D depicts the structure
after the \meferresmglé)ietfat&@pbcnmeilyjmumcmlam&ataIfr"eauermydﬁé:i]ﬁﬁ Midz. exanple

R E or usi a nu S 4 ne i , 6, CAFS8

B e nont Elasth ptivedts Pifeiebi Homh b 28 TetRRSe, Piore Richelpb b3 5L

phot gr esi sta&atlsﬂ:m;:ebmh pon ssurfags arexpofthe pubsiratel trasay bé adir/]airftmms tpr ocesses
can be used in the as a Q2 .reactive io tC| st.e a 02
oot aamemtloy 8 Sadat R s vossBrresdon diagbh MaloVdo el Mgt 5 %%
assi sted a&érnpémturéf rethe plagnes wnaiheinttlhmmmm@dew frdgmentatiominthid ©SG | | ca or
e ches FnaRei Bayurion PR ymeat B BBl e Behru £
product (AiAr, ReghaKrs and Cherri cal S, Inc., Allent own, PA), as descrl bed in
US Pat ents 6 6,592 6,818, 289 and 6, 942 05|t Vi a
PECVD i n IB@‘@BEP 'g%ééte%%  fitheraasapie EAgRpiSArefer "’i']'ﬁ’é ’angﬁFl 8§ﬂ
PA), as demotm?m e d?@fe%tﬂy fromb 86 164800 stk pBasmate BO® Afm Wdfer. TiTRe

por ogen used or

osite silica, o0 sOSGlnthenrrmvedln
P anoal raipu TelRs,ate s roEled o565 T Pk e B Bl BB o
processes, a‘rﬂrpoemrﬁiee irf iherfilva) Théﬁa@ﬁlal ﬂ@Nlﬂétdgheéd!bd may dep@idDsgheafer size
t hermal anne |Inﬁ] under an OXI%}{% at nos!})gw&?e t §r mal nneal . N Pder
vacuum re bsh cerfighratign argdn §9 Wiy ‘Bﬁ’ AN ﬁrg?(?f e wale
at mospher i cxhambefrs uatceetaiprepaisodifients! the filkh 8y adeposRed\Bl £ dépsstiopaRSEttt O
BrF3 at 10 '%%‘r%ré@%i}d roomtenperature for a period of time as shown in FIG

51. [0086] fUhs t he SEM phot ographs after dissolution of a portion

of the Ge0posv]t hrhwfsreésar@mmarweudd%héraséﬂdurmg@epwﬁ@ﬁswéfu&abﬁ/ ot &l oxide
| eavi ng betﬁq% ‘tunnel s in ? orous OSG network. [0087] For use in
air-gap fa éﬁ%’Bﬂ@W@@ﬁ%@J\% P& he simlar to that for using the pure

porogen as [bbes]sarid fhmqs afeférau@rdep@sﬁféanb al ithickidss of 89821t6 80 GaE3ngithEude

g?‘te |dr Zsséaﬁg%mg gérgpqe g@% d as rleqmred The bIWetlﬂlm deggslitetlzl %ntaongna;?arttle(r:r?éde the
surface has excelfent uniformity, with a variation in thickness of less than 2% over 1
standard deviation across the substrate with a reasonable edge exclusion, wherein e.g.,
a dmm outermost edge of the substrate is not included in the statistical calculation of
uniformity. _
[0099] As well as the vapor deposition methods outlined above it is possible in
certain embodiments to apply the composite films using spin-on technologies, for
example Air Products and Chemicals Meso-ELK™ films, for examples films deposited in
accord with US Patent number 7,122,880.
[00100] These films are generally formed by employing a spin-on technique using a
mixture. The mixture generally comprises an at least one silica source and at least one
porogen. The mixture may further include other constituents such as, but not limited to,

water, solvent(s), catalyst, and/or ionic additives.

[00101] As mentioned previously, the mixture comprises at least one silica source. A
“silica source”, as used herein, is a compound having silicon (Si) and oxygen (O) and
possibly additional substituents such as, but not limited to, other etements such as H, B,
C, P, or halide atoms and organic groups such as alkyl groups; or aryl groups. The

term “alkyl” as used herein includes linear, branched, or cyclic alkyl groups, containing
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before the air gaps are fabricated, this may offer sone advantages in
mechani cal integrity during packaging which is a major issue for materials
with | ow nmechanical integrity. [0088] For use in liquid or gas channels it
could be envisioned that the Ge02 | ayer could be etched into a pattern
allowing for mxing of chem cals at given points along the wafer, by
allowing for nmultiple layers of channels it could be possible to do
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difference will allow greater signal densities and decrease the signal
| oss conpaPStERY WBRYaht i onal solid core fiber optic cables. To fabricate a
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yer oo i i o i sl Pheg of eSSl AR(UEM

pl ace of Cefprasent invanton B‘Qltld@labiléﬁir@éni@%ﬂddﬁs, Séiien ] BecatpasabRQiokenérs, can
ch as: .alcohols, ethers heter oat@?ryssu(:h

be used i n pl.ace of ter u

cont ai ni ng SHERSRTIPCLENdEEtLs BYPRATanstied paiaeTs RAyoRyakyERs GorBeo

s;al vents. h[oajw;ﬁh Smggromeoate%p%rg%nmﬁaiohbm%r@of?csth}texérhpte%ﬂaﬁﬁm or 8203
aongWIt t he | or I N, orqger to r'm a roys . a r

i o0 | o RoBfeh Mol R pamegensdireenind ibmeadha Rt phalcalivl Slofay i cati on
coul d be cowmketosd7hy2 ditsanis\dsBignéd e e@isignde 6f the present invention.

[00103] In certain embodiments of the present invention, the porogen may include
labile organic groups. When some labile organic groups are present in the reaction
mixture, the labile organic groups may contain sufficient oxygen to convert to gaseous
products during the cure step. Some examples of compounds containing labile organic
groups include the compounds disclosed in U. S. Pat. No. 6,171,945, which is
incorporated herein by reference in its entirety.

[00104] In some embodiments of the present invention, the porogen may be a solvent.
In this connection, the solvent is generally present during at least a portion of the cross-
linking of the matrix material. Solvents typically used to aid in pore formation have
relatively higher boiling points, i.e., greater than 175°C, preferably greater than 200°C.
Solvents suitable for use as a porogen within the mixture of the present invention
include those solvents provided, for example, in U. S. Pat. No. 6,231,989.

[00105] In certain embodiments, the porogen may be a small molecule such as those
described in the reference Zheng, et al., “Synthesis of Mesoporous Silica Materials with
Hydroxyacetic Acid Derivatives as Templates via a Sol-Gel Process”, J. Inorg.

QOrganomet. Polymers, 10, 103-113 (2000).
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B203 in water. DEPOSI TI ON METHODS [0092] As nentioned previously, the
sacrificial material, and conposite |ayers are deposited onto at |east a
portion of a substrate froma precursor conposition or mxture using a
variety of different nethods. These nmethods may be used by thenselves or in
conbi nati on. Sonme exanpl es of processes that nmay be used to formthe
organosilicate filminclude the follow ng: thermal chem cal vapor

ggﬁo_sit ti (F))E ,c[:(\l/lplm %fm??w@tu%mg tta)ab delapmpostme)pblylinen '_('H@mm:tpo,saﬁiegh
SI SI.S = y
cr yoge%i c @H@Fﬁe?away ) ?'%8’;552?‘%’1‘%‘???%§§€“§5$9’%@?3§?@5ﬁ33'88%°§5€%%on,
hot - fi | ageﬂ?eamw}‘pb@lmefaragmdepe;ém,im ega:bmpia@lé_ﬁi thpltemm]toligdrv@)a andfwt o
1 t cneni ca \} or eposi 1.0 e
Hoposit | on PPONTEI TR orrdiebisuitf to fgcoflrad i RRrufBostic RN el
e I D D o T T o o0t y8  and
o R s bagm o5 e ke Themiy AREmPoERE Mimiesut b e sl Sor g
MO iyttt iibegring ot ey fuiisssepmarboghi migepivreepiaebli
Y | .
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i nert carr ipalymeg€are ﬂﬁb@e ivhizh fester templdting 9Bihel vitrifietibaireactioh agbintrerdrel of t he
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present invention crificial conposi terjials are forned
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Thereby. T ghahHindes 4 hedansionacs Uetust Sich A5 Bt o FlBHls hiedioPr " Pese
enbgdi nment Scopblbﬁmehfally.é.r, dibfdck, ﬁilb@cs,tmstmatiaoaacb_ ldwgﬁmmd_ lbclcﬁdﬁ?olymers;

CcO- ep05|t|0n, ternati ve t e uentla' eposi ti on or  a gaseous
mixture corikdibigcl conaimersaritt dibladk e peyesy couBfted sorpivher® dehdigrall ¢ o
for hm t he sa@pbt&h@i@,!tz?dewdab|oaaso|ai1yrh@rla,séndomnmh¢tio«naocmetseian:ihnegtpreelcur sor |
sSuc as al. or ganosi | ane r o nosi | oxane to f.o0 t he 0 | er . n
certain emgﬁ%ﬁ@?'eﬁ ﬂfeé) rgiaﬁ:ie @ﬁ%‘?‘ﬁﬂ?‘ ars fynddn pg]st E@t' &@ggéﬁf‘?s?m@%?%nge
from 0. 02 ti9inkorptpdtes hersh byrferefdeihasaptiset). 3 to 3 watts/cn2. Flow rates
for each of the reagents may

[00107] The porogen may be a hyper branched or dendrimeric polymer. Hyper
branched and dendrimeric polymers generally have low solution and melt viscosities,
high chemical reactivity due to surface functionality, and enhanced solubility even at
higher molecular weights. Some non-limiting examples of suitable decomposable
hyper-branched polymers and dendrimers are provided in “Comprehensive Polymer
Science”, 2" Supplement, Aggarwal, pp. 71-132 (1996) that is incorporated herein by
reference in its entirety.

[00108] The porogen within the film-forming mixture may also be a polyoxyalkylene
compound such as polyoxyalkylene non-ionic surfactants, polyoxyalkylene polymers,
polyoxyalkylene copolymers, polyoxyalkylene oligomers, or combinations thereof. An
example of such is a polyalkylene oxide that includes an alkyl moiety ranging from C; to
Cs such as polyethylene oxide, polypropylene oxide, and copolymers thereof.

[00109] The porogen of the present invention could also comprise a surfactant. For
silica sol-gel based films in which the porosity is introduced by the addition of surfactant
that is subsequently removed, varying the amount of surfactant can vary porosity.
Typical surfactants exhibit an amphiphilic nature, meaning that they can be both
hydrophilic and hydrophobic at the same time. Amphiphilic surfactants possess a
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ranges from 10 to 5000 sccm Pressure values in the vacuum chanber during
deposition for a PECVD process of the present invention may range from 0. 01
to 600 torr, nore preferably 1 to 10 torr. It is understood however that
process paraneters such as plasma energy, flow rate, and pressure may vary
dependi ng upon nunerous factors such as the surface area of the substrate,
t he equi pnment used in the PECVD process, etc. [0094] In addition to the
one or nor éydivphilic Abad gadiptor gralpshwhbieh ihale a cirond effiattyfoy @dteriand@ lbhg vacuum

chanber prior t dur.j .and/ or _after the, deposition reaction., Such .
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remove the water and/or solvent from the mixture and to further cross-linking reactions.
The second temperature may be to remove the porogen and to substantially, but not

necessarily completely, cross-link the material.

REMOVAL OF ORGANIC POROGENS AND SACRIFICIAL MATERIALS
[00112] The organic porogen and sacrificial materials are removed by a curing step,
which can comprise thermal annealing, chemical treatment, in-situ or remote plasma
treating, electron beam treatment, photocuring and/or microwaving. Other in-situ or
post-deposition treatments may be used to enhance the materials properties of the
remaining porous SiO; or porous OSG such as hardness, stability (to shrinkage, to air
exposure, to etching, to wet etching, etc.), integrability, uniformity and adhesion. Such
treatments can be applied to the film prior to, during and/or after porogen removal using
the same or different means used for porogen removal. Thus, the term “post-treating”
as used herein denotes treating the film with energy {e.g., thermal, plasma, photon,
electron, microwave, etc.) or chemicals to remove porogen, stabilize the film and/or to
enhance material properties.
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and pore-fornmer in the film The actual flow rates needed may depend upon
waf er size and chanber configuration, and are in no way limted to 200 nm
waf ers or single wafer chanbers. In certain enbodinments, the filmmy be
deposited at a deposition rate of at |east 50 nmmn. [0097] The pressure
I n the vacuum chanber during deposition is preferably 0.01 to 600 torr,
nore preferably 1 to 15 torn. [0098] The filmis preferably deposited to a
t hi ckness d00D13)O0het contiions anderswhicH pdsdtrehting dve dontiodted san vay goeatlyaFoed as
requi red. The bl anket, film de osit&d %P a nﬁn- patt er ned u
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or ne ovi.n i n-on techni gye usi a, mxture. e Xt ure
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(Si) and oxygen (0) and ossi bly additional substituents such as, but not
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The term " &@t&yloxidiaing (eeg.. @fygen.cair, dilutaiokygen enyireninentst erriched exygemst i t ut ed,
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hydrogen, hydrocarbons (saturated, unsaturated, linear or branched, aromatics), etc.).

The plasma power is preferably 0-5000 W. The temperature is preferably ambient to

S00°C. The pressure is preferably 10 mtorr to atmospheric pressure. The total curing

time is preferably 0.01 min to 12 hours.

[00118] Removal of the porogen and sacrificial organic material via UV exposure is

conducted under the following conditions.

[00119] The environment can be inert (e.g., nitrogen, CO,, noble gases (He, Ar, Ne, Kr,

Xe), efc.), oxidizing (e.g., oxygen, air, dilute oxygen environments, enriched oxygen

environments, ozone, nitrous oxide, etc.), or reducing (e.g., dilute or concentrated

hydrocarbons, hydrogen, etc.). The temperature is preferably ambient to 500°C. The

power is preferably 0 to 5000 W. The wavelength is preferably IR, visible, UV or deep

UV {(wavelengths < 200nm). The total curing time is preferably 0.01 min to 12 hours.

[00120] Removal of the porogen and sacrificial organic material via microwave

exposure is conducted under the following conditions.

[00121] The environment can be inert (e.g., nitrogen, CO,, noble gases (He, Ar, Ne, Kr,

Xe}, etc.), oxidizing (e.g., oxygen, air, dilute oxygen environments, enriched oxygen

environments, ozone, nitrous oxide, etc.), or reducing (e.g., dilute or concentrated

hydrocarbons, hydrogen, etc.). The temperature is preferably ambient to 500°C. The
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used herein six to twelve nmenber carbon rings having aromati c character.
The term "aryl" also applies to aryl npieties that are substituted. The
silica source may include nmaterials that have a high nunber of Si-O bonds,
but can further include Si-OSi bridges, Si-RSi bridges, Si-C bonds, Si-H
bonds, Si-F bonds, or CH bonds. It is preferred that the at |east one
silica source inparts a mninmmof Si-OH bonds in the dielectric material.
[00102] Thepowlex tind &aveledgthe afeovanedamditinaise tf spckificpordenThe ot auiioytither t her

conprises a as used herein, is a reagent that is
used to ger\%P%?‘aé'a@%?@mAQrg? 9%1%H?W Sthe resultant film Suitable porogens
for use in [00M22] RemovA 6f mtpero@hSandfsacnﬁmmrwmatemeﬂa eRotrombeadie | abil e
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or ogen nma I NCl.u Ile O I C r en saone a e or n roups
B e Br esentconfETizis RuBesasions, araser dihb ThalerReyR R BB STS nt ar n
sufficient smygerrhé @lehBN aéﬁs.&%na%@mﬁanm&@i@a and Winabie {0l ¥eBME BoRdSP-
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herein by rcﬁfp@fsﬁﬂcﬁdbiﬂohélﬁuﬁﬁhbé Fﬁg‘érdlﬁ& Q_L/{Hnem u§95?el§8m¢béﬂ?ﬁ§ ) a‘%&lébﬂ?

pr esent i nvention, the porogen be a sal vent his connection

sol vent s lyeHalicalions schasn®- @mnqwgdaxaw %@btJ%%ﬁf Msterisls Sriones; §§§2001)
|'i nki ng of 4:#29—4mbf GXK%Ee%téN Pr&&'&e&ﬁﬁ?&%f hye! Spe yslmﬁ 5P, BATandURRr €

formati on have relative olnts, 1. reat er than 175C,

pref or abl y RRtoiee 6. e b6 S0 10 S8 804 s e ot olasrm Pogn

Wi thin the tfaamaﬁﬁnw prbbi@e%lep%%qaen' rBH%OéI'éH& enhBRteHENt R ARemEChARESS
provi ded, for exan@ , . 6,231,989. [00105] In certain
enmbodi ment Propeite rw@rbqaa;fowtlawmesswnéﬁa}né such as those described
in the refqpeneg ﬁm th@anéﬁtlon m&YQIEB%éhéunQIuoNﬁéQH%&Mﬁn%kldo&fan?@t erials

with Hydroxyacetlc Acid Derivatives as Tenplates via a Sol - Pr ocess”
J. | norg. fdogastmes Si-Pbl fiugring, wiren pregsnt issorefenatdy contained in an amount

ranging from 0.5 to 7 atomic%.

[00125] The films are compatible with chemical mechanical planarization (CMP) and
anisotropic etching, and are capabie of adhering to a variety of materials, such as
silicon, SiO,, SisN,, OSG, FSG, silicon carbide, hydrogenated silicon carbide, silicon
nitride, hydrogenated silicon nitride, silicon carbonitride, hydrogenated silicon
carbonitride, boronitride, antireflective coatings, photoresists, organic polymers, porous
organic and inorganic materials, metals such as copper and aluminum, and diffusion
barrier layers such as but not limited to TiN, Ti(C)N TaN, Ta(C)N, Ta, W, WN or
W(C)N. The films are preferably capabie of adhering to at least one of the foregoing
materials sufficiently to pass a conventional pull test, such as ASTM D3359-95a tape
pull test. A sample is considered to have passed the test if there is no discernible
removal of film.

[00126] Products of the invention can be provided in any form capable of being
deposited by CVD, such as coatings, multilaminar assemblies, and other types of
objects that are not necessarily planar or thin, and a multitude of objects not necessarily
used in integrated circuits. Preferably, the substrate is a semiconductor.
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24 [00106] The porogen could al so be a deconposabl e polyner. The
deconposabl e polymer may be radi ati on deconposabl e, or nore preferably,
thermal | y deconposable. The term "polyner"”, as used herein, also
enconpasses the terns oligoners and/or copolyners unl ess expressly stated
to the contrary. Radiation deconposable polyners are polyners that
deconpose upon exposure to radiation, e.g., ultraviolet, X-ray, electron
beam or t {80127} dn agditidiontd the inkeotivepoatdriats fpolseras saanifidal metetihisrimah air
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[00129] The single damascene method shown in FIGS. 7A-7K which allows the

sacrificial layer to be formed between the metal lines. In this method each layer is

deposited and etched separately. Fist the sacrificiat layer (30) is deposited and etched
in Fig's 7A and 7B. A copper barrier layer (60), comprising at least one of Ta, TaN, Ru,
Ti, TiN, TiSiN, is then deposited as shown in Fig. 7C. Copper (70) is then deposited by
for example electroplating or electroless plating Fig. 7D, followed by CMP of the copper
and barrier to form a planar structure Fig. 7E. The composite silica or SOG layer with
porogen (40) is then deposited (Fig. 7F) and etched (Fig. 7G). A copper barrier layer
(60), comprising at least one of Ta, TaN, Ru, Ti, TiN, TiSiN, is then deposited as shown
in Fig. 7H. Copper (70) is then deposited by for example electroplating or electroless
plating Fig. 71, followed by CMP of the copper and barrier to form a planar structure Fig.
7J. Finally the porogen and sacrifial materials can be removed as shown in Fig. 7K.
[00130] Figs 8A — | show schematically how air gaps might be formed between metal
lines using a Dual Damascene approach. Initially a composite silica or OSG layer with
porogen (40) is deposited onto a substrate 50 as shown in Fig 8A. The porogen is then
removed to yield a porous silica or OSG layer (20) as shown in Fig 8B. A sacrificial
layer (30) is then deposited over the porous layer (20) as shown in FIG. 8C. The
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[ 00109] The porogen of the present invention could also conprise a
surfactant. For: silica sol-gel based filns in which the porosity is

i ntroduced by the addition of surfactant that is subsequently renoved,
varying the amount of surfactant can vary porosity. Typical surfactants
exhi bit an anphi philic nature, nmeaning that they can be both hydrophilic
and hydrophobic at the sane tine. Anphiphilic surfactants possess a 25
hydr ophi | i eadrifieshi @ymdlhe%mmﬁayembtdlthbae&:hadmmgrmaoaﬂtiﬁogi'amld or water

and a | on is or c, an el t

sur f act antg te Cgéﬁuﬁg}gﬁiagné)c it macy % (i sargg ?@arq)madlﬁﬁﬁﬁ{seﬁi?ﬁc'\% cﬁgﬁr t%
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al kyl ene oxi de), s an uor ocheni ¢ surfactants
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m ?t :Jr et COEEBmpﬁﬁﬁg at l@bﬂrdhlel olT aaTgNeRStTIO'ﬁBJ Figid Ciﬁtlwule;?snéd wsmﬂﬂdm a t
catal ys L.oni c nd wa n ce erre odi ment s,
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temperaturgg@nd for a tine sufficient to produce the conposite film
00111 o) S e b e SR
porous Si vary
dependi ng 4p@®BF Ialvers hagbe Heeddsin \brddiit® completd thewitegratibe sehamdy ddseribedidit t he
desired pore I'n certain enbodl)n%nts t he Cc*ége stesp bs condu ted at
two or nor é“acyeaﬂifbﬁ’%?‘é:%%age&?ﬁé}cﬁ%e@ odigenisdp g AYPTBr SUCH AR aFrFﬂé? first
t enper at ur etoptixydrcan hiti-Releetivedafing, @Sld}%akﬁnasméwea riNeovEther méﬁd/ or

m { he xture and to furt eactlon

solvent fr er c oss-

second t en%éfdé’ﬁﬁke INeESy b@gtqrdpy,eg.;r&}bdl&p@orb 6@eﬂ‘e ?Q) aé’ﬁ'i?sf“ﬂ?j ?QT“F%’O" but
not  neces%ijetd, YalRHafdridsks etd R5dss|st Mkthé BlimEtien laaa fabrichiidi b thE s C
POROGENS AND SACRI FI CIl AL MATERI ALS LOOllZ* The o

d .
sacri fi ci aF URBRxamnlesveuld inciide pub potbe.ifp %tosf‘@'ﬁ%gﬁlm?%%r g‘gﬁgp%ﬂﬁ“@e

thermal anngatd, RghesiBeRyER! adicfinHBinotdrs -shicks! bOffers SaTEl BogdltSiMent! r eat i ng,
el ectron beam treat ment, photocuring and/or nicr waw n%&?g her in- Siﬁbu or

post - deposF¢oRlIeR Ehﬁrﬂ‘éﬁ‘i'% §Asifgial ! fqréreghﬂésft,g vigigst raqsCepF Glfer ti es

of the etc.
[00132] The invention will be illustrated in more detail with reference to the following
Examples, but it should be understood that the present invention is not deemed to be
limited thereto.

EXAMPLES

[00133] Exemplary films were formed via a plasma enhanced CVD process using an
Applied Materials Precision-5000 system in a 200 mm DxZ vacuum chamber that was
fitted with an Advance Energy 200 rf generator from a variety of different chemical
precursors and process conditions. The CVD process generally involved the following
basic steps: initial set-up and stabilization of gas flows, deposition, and
purge/evacuation of chamber prior to wafer removal. The thickness and refractive index
of each film were measured on an SCI Filmtek 2000 Reflectometer. RIE etching was
performed on an AMAT platform using standard RIE etch recipes. Photolithography
was performed using a KarlSuss MAS contact stepper at 365 nm and developed using
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remai ni ng porous Si 2 or porous OSG such as hardness, stability (to
shrinkage, to air exposure, to etching, to wet etching, etc.),
integrability, uniformty and adhesion. Such treatnents can be applied to
the filmprior to, during and/or after porogen renoval using the sane or
di fferent neans used for porogen renoval. Thus, the term "post-treating"
as used herein denotes treating the filmwth energy (e.g., thermal,

pl asma, phaisntard EMAEE dév@lopet %lame AfRF RIE eRhinghd thebturéotheasmainingor ogen,
stabilize the fil mand/ or tg Hce mat erlgw&{)@&f)erti es. 26 [00113] The
condi ti ons RIRIESSIFYaSTefoYed ﬂ% r AGWaFEeamA can vary greatly. For

exanpl e, post-treating can be conducted under high pressure or under a

vacuum a 011 neal i ng i s condugted under the foll ow ng

condi 1 ons 10BBS1 MierFrAphucARG. dRAFETH PstiHeRes b realmien ol ameafog s | Cop

nobl e gasesgetithnedin arNQppWéa ,Tes?@sterﬁg Gne. Setes 327 0 Rsbe farriace fiR¥Y GRA 4" ai r,

di | ute oxygen environnents, enriched 89%&?9"}' envi ronnents, ozone, nit rous

oxi de, et c.d2Betef yrged ﬁ@a%mbﬁt“ﬂthcﬁ nigy EANSINIAR %%ﬁ Slprﬂyap%ﬁ%m%ons

(sat ur at ed, rate g 15°81 R4 mihite 9 286 th%’Gh@dAZQV(DVfﬁé rms)werets@aked fore
pressure |s pr ef erably about 1 Torr to about 1000 Torr. However, a vacuum

ambi ent i s oNrss T hsfdasyrese alipwediorGog) Oat?ﬁ'fé’él"ﬁ)‘?\& beforgaemoyal f%ﬂ’l'@/tnﬁ Hegace.
post-treating neans. The tenperature is preferably 200-500 C, and the
tenperature ranp rate is from0.1 to 100 deg Cmn. The total annealing
time is preferably fromo0.01 nin ?Ea'I‘E'eﬁdLPFEOUQ[‘@OMG] Pl asma treating for
sel ective renoval of bgpbglﬁrgéﬁ:smfé}gq_agg,%qjg;ﬁgeo%@ﬁm P ursmgjl fication of
the OSG fil m i S _conducted under th wi ng condi tions. 0117] The
envi r onnentl08135) b"-é“'F?lé?‘QmQ'ﬁMﬁa&@@‘Ha' '@@23 Wﬁ @Oﬁﬁ%‘bgp‘(ﬂ—@e spu:fa 8 Kr, Xe),

etc.), oxi djubktidle Vs & plasPiyeifBnedd CVDPrbetss a@’ﬂ)égéfbe%%rélﬁ”ﬂ'ﬁﬂlbﬂ rdsched
oxygen envjronnents, ozone, hitrous oxide, etc.) reduci ng P

dilute or cisResiten ﬁ?'&ﬁ"oﬂﬁi@rtaeé'ﬁee ﬁ?%i’ﬂ@'@&f%ﬁ?ﬁgc'@é%ﬁﬁ at ed, unsaturat ed,
| i near or branched, aromatics), etc.). The plasnma power is preferably
0-5000 W The terrperature is preferably ambient to 500C. The pressure is
preferably 10 ntorr @'@Jeérrﬁmw@pm?am@%@m@ Vatriggs Opgaic BIRCUEgrs tine i s

pref_erab! Y [Bpbsiibh 10 [ B tiwurs gglz.tsljsr(em)vm Bf 3t Eﬁ)hﬁo ey, and
sacrificiall organic material via PV exposure is
Parameters Decahydro- | dimethyl-1,5- terpinene Limonene
naphthalene | cyclooctadiene (ATP) (Limo)
(DHN) {DM-COD)
Liquid Flow 600 600 600 . 800
(m/gm) _
Carrier Gas 500 sccm 500 sccm (COy) 220 sccm 200 sccm
Flow (CO,) (COy) (COy)
Deposition 200°C 200°C 250°C 250°C
Temp.
Chamber 10 Torr 8 Torr 8 Torr 8 Torr
Press.
Spacing (milli- | 400 400 350 350
inch)
Plasma Power | 600 W 600 W 600 W 600 W
Deposition 87 nm/min 126 nm/min 87 nm/min 45 nm/min
Rate
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conducted under the follow ng conditions. [00119] The environnent can be

i nert (e.g., nitrogen, CO2, noble gases (He, Ar, Ne, Kr, Xe), etc.),
oxidizing (e.g., oxygen, air, dilute oxygen environnents, enriched oxygen
envi ronnments, ozone, nitrous oxide, etc.), or reducing (e.g., dilute or
concentrated hydrocarbons, hydrogen, etc.). The tenperature is preferably
anbi ent to 500C. The power is preferably O to 5000 W The wavel ength is
preferably IR visible, UV or deep u&«kmayalengths < 200nm . The total

ing time i b to 12 120 R f th
o boon g saceRoSaR of at kL iie SR Aferyty S PEMSILTE s el s |
conduct ed (0G36] Wlmdiﬂblhnayergvmbl Elt&lﬂ%lndm@:l&llﬂwnﬁdmecﬁﬂvw@ﬁ@&ﬁh Lema be

1 tro no e a
o 21 o il b9 Bo, WaRer g8SRES AdkinRhr Sowciheaciyiter shaddy gen
envi r onmen2s0°Gwafer chiudk temperatiredd Toftohambeppressuredomne0 sachnds @iyisli @ or
o emt " ot ity it W RoNRG e iEsd 68 hen R binkrase oo B bRt R Bl 25h o
speci fi ¢ b@oata7] Fheorhpusite idyer wag dbpmedlasopam@fmhal@b&nffcramw@r @lngrine to 12

el ect 1 on_ badlRnRaCRy 8%t woliSR A dawyanEe LEMSALTe Bt cbrm: demem

[ 00123]( th Cqroarier e Mbwe 350 PAIi-RA %HﬁWeﬂh@ﬁdMa(‘@ spacing l2BO‘Q§ﬁBfer Gﬁ&kdn?blt e
gases i lu

ai r
oxygen envf‘?’B‘?ﬁF@w&’ BKth é&‘%\'@t&er %Q%ﬁﬁ'éen&()é%g ﬁ?ﬁf%fﬂ(?ﬁf’g'e‘%ﬁ 8%%“"“?‘1 the-fellwing de,
eE C. g % ipespeetiosg 1 {£n. ﬁ!mdhnbl}:ﬁe%sfahd a%ﬁéﬁﬂb"ﬁ’de.&cbfhwggo_?_ﬁr bolns t hydr ggen t
etc.). The ure is prefera en e el ectron density
and ener gy [@@?ﬁgﬁf ‘?fgﬁwﬁgh‘ %déﬂ'?f&bi%e 0}%33 pg‘cyn@5 resislanddieyelopad i ng
ti lrre :j s R(rj elfs?gd]{aﬂSUseﬂﬂAB &Qﬁaéﬂstbd pper Atgshmm S12 m}mcmyorfﬁsél.z@ﬁ%i Iesapksweb . or
pul se i 0 ance re i n general use of electron beams is
avail abl e 'Mfi pﬁ‘ |Vg%ﬁ'g8593§?l9?%%‘és'"£TMéﬁﬁt t opadhyay et al., Journal of
Materi al s ﬁmﬁsfEhls%ﬂéﬁ%]abafeﬂﬁgé%ﬁ%&hhe@uslﬂggﬁé%iloﬁﬁn?aéequeﬁé@‘ﬁ%@g@gs of
1 TC, June and U. S 131 204, 201

00 CA; P
Bl and 6, 15%€ %"f’éf‘ gé“ﬁ% Qrlassia 10 dear tog, Patterm, folthv@ﬁ bied BO $8GONS &3¢ HEING or
porogen r emayoam QO AR EIER aés hih EETBRIIAUO Fr/miHURP &Y didRhd RE@UAIN

bond-f or rratrrga%[g i%rlovSee gye g sclec?ond (52 plasma for 24 seconds to etch away the photoresist on
top of the hard mask as well as etching the sacrificial imonene layer. A capping
composite layer was then deposited using the following recipe: 800 mg/min liquid flow
(20/80 DEMS/Limo molar mixture}), 220 sccm CO, carrier gas flow, 350 milli-inch
showerhead/wafer spacing 250°C wafer chuck temperature, 8 Torr chamber pressure
for 180 seconds to yield a fitm with the following properties: 362 nm film thickness and a
refractive index of 1.439
[00140] This structure was then thermal annealed to remove the porogen and the
sacrificial layer to form the air-gap. Scanning electron microscope (SEM) pictures of

this stackand after thermal annealing is shown in FIG 9A.

Example 5
[00141] The fabrication of an air gap using selective etching of a silicon feature began
by thermally oxidizing a bare silicon wafer to provide an etch stop for the XeF, / BrF,
selective etching. On top of the thermal oxide a 0.5 micron thick layer of poly-silicon
was grown via high temperature (900° C) CVD process using silane, other type of

silicon such as amorphous silicon could also be used. The poly-silicon was patterned
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[00124] Filns of the invention may also contain fluorine, in the form of
inorganic fluorine (e.g., Si-F). Fluorine, when present, is preferably
contained in an amount ranging fromO0.5 to 7 atom c% [00125] The filns
are conpati ble with chem cal nechanical planarization (CW) and

ani sotropi c etching, and are capable of adhering to a variety of materials,
such as silicon, Si2, Si3N4, OSG FSG silicon carbide, hydrogenated

si | L con ca(rjusimgﬁstaaddru@notohmbgnfaipﬁy1eohwd|uggen@h$dtl§tbésbewlzrp'récreisdeAftéi l'icon
carbonitri na; arbonitride onit

antirefl ect?% %&5’[%?" h’@%’%ﬁ' Wa&r?j‘éﬁ?’é" ?592 ’fdo‘?’&ﬁ’?tte@f”ﬂanl c
gnd i norlgarpcny-alﬂdzcmfe&me wammbﬁlosaebvgma:WT Nsﬂ%'ﬂ]t@idy_?rﬂsl Aﬁrﬂiodlhcilt_é US{A}JH
arrier ayers ot limte | | a a

WN or W C)REP W 'g%e e PG Hﬂ?cgs%f-hé%g@f:'f Wgs f*@gﬂa‘%a'q'%%%%t one
of the fore@mmgw ai i) refriovb shes porbhén. ahiel sanipte Was exgosedy 80 TofAIBrPLdt robist |
such as ASTM D33 is considered to have

passed the PEPEY lf're%?l"eT 50'1"' THSLQI %Q'&P?ﬁ%ﬁé"”gpéh%{)@@ﬁ“ﬁ‘?tﬁﬂm? 884 26]

Product s Ofsetlétmwitji\é&mbtmﬁb SiRdbniTeatdfel VEERMGpidtire8 Y tHeldiFgaiPRARLE aftér Sefichide
deposi ted as, coati S&%ff mul tilam nar. assenblies, and ot her
¢

b
types of o%f@@@ ef ﬁa°‘l!'°8'ﬂ layRpyS! @é??h?/‘"’blnaﬂgr 9B Xefrd 6N alsRibe usRA fr t ude
of obj ects thigtfaltn2€6/$ pfockys.used in integrated circuits. Preferably, the
substrate is a sem conductor. 28 [00127] In addition to the inventive
materials for use as sacrificial materials in an air gap structure, the
present invention includes the procesgximpitd ch the products are nade,

net hods of oducts .and coQ ounds and conpositions useful for

preparing t @J"iﬁo';o{]’é'f’g{m[ PfenAi 9n ?Bﬂa@’ﬁ%weasq,cf'ﬁgé' |lgyer stasied with gy

illustrati r@pbblﬁoﬁbﬁﬁﬁ Z)ﬁlc?omlﬁyéﬂﬂ déﬂ‘!z ont®h %II;B&h FafeR "WONSAPEEYVB st rat e
shows a | ayer (40) . of porogen plus Si Q2

f th
gr tC)S((a?a g:let‘ge;? ogit n?eél%éégorﬂfhn%*%rqrﬂ @ élthcﬁﬂheqth%ﬂ germapipm hysed PHROVSPISt hese

| ayers is afuchlas@elDELR HoukpdISShald bedMLsen! mg@ée'gaﬁ?i%%ﬁa@beﬁdam b tdpforat

| east a voi orous silica, or

netal | i zat |tgﬁ qeg%ié%s'”gdgé“s' ng Qedppetas saoiture payries during I MAHdevelnpingefe

(50). In Fitge ﬁﬁofbﬁﬁslslt %{?aﬁrﬁb‘nﬁﬁy Giff@dent S5 GHOS peécu?éoré s@ma be REEPAF Thernd

silica or OSG|s he referabl e using photolithographic techni ques.
moisiure barner e the photoresist was patterned and developed the SiO,/GeQ,
stack was etched in a CF,/Ar/O; RIE process. After removal of the photoresist in a O,
plasma ash process the SiO, cap can remain or be removed in a timed CF/Ar/O, RIE
process, in this example the cap was removed in a timed etch. The Patterned GeO,
was then coated with a composite OSG layer using Air Products’ proprietary Meso-
ELK™ spin-on porous OSG process. The composite layer was calcined at 400° C in air
to remove the porogen. After coating with the porous OSG the film was dipped in water
for 10 minutes during which time the GeQ, dissolved away. A SEM crossection of the
partially dissolved GeO, sacrificial layer under a porous OSG layer is shown in FIG 9C.
This process could also have been carried out using B.Oj; or other water soluble metal

oxide materials as the sacrificial material using a similar scheme

[00143] The technology of the present invention was successful in fabricating air gap
structures using three different sacrificial materials. The first material was a labile
organic sacrificial material, which was the same labile material used to create pores in
the Porous OSG layer, this unity allows for the creation of the structure. By using the
same material as both the sacrificial material and the porogen, the same PECVD
chamber could be used for both layers, and one annealing step could be used to both
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After the top layer (40) is patterned the via |l evel can be etched into the
sacrificial layer (30) using standard photolithographic techniques as
shown in Fig 6C. A copper barrier layer (60), conprising at |east one of
Ta, TaN, Ru, Ti, TiN, TiSIN, is then deposited as shown in Fig. 6D. Copper
(70) is then deposited by for exanple electroplating or electroless
plating Fig. BE, followed by CMP of the copper and barrier to forma pl anar
structure Fergate@he alFlgapIahgt ctelme tmrm@us @8G thruigh Whidhathe bgspedducty feorh e v ed

h T t hod i GS.

e TR whi cheic S creSfon ARGSEE] AfiRerad s TR R o dRes Was DR e FEGVRL o

![ihnes. I _nf jtdi!g;mlsmeh lpﬂﬁbeemﬁ'lcdo Lm/gé carsier dﬂmwdmiﬁitiaﬁlr%h msohgdvm&mﬁaﬁvegof.?a;i Zt
e SsacriticLa | S e e a cne In | S an .

e ee by g qitrBlSopdSatid sCTER] kel B BIhE I5S spporpdhin Ry 1

Ti N, Ti Si N, [00$44]nTEine sepndishedfions nammwcag aﬁv.'ﬂer gcﬁ;blmpgrstrﬁame Imsnﬁ@gﬁ

d ted b | t t tral | ating Fig. 7D,
ol | owed. by PRBNSTAEA 8 36 FocriRl BalepHLeedhe Siia TR hecrisel U7 o Fl g

(7:5_. Th$F)Conafmigtmahmdélloi)%dﬁbr;%OGsé @f/ﬁbre/\stbhdara@mglﬁacés@,eé ir tgetfélﬁitad@’p@ﬁl ted
ig. t che . pper. harrjer , _conprising at
| east one of'ePHUCKIy 'P&Jg'fﬁFP!%' wt@pe%zgrﬁz P ﬁ@?”&é%’s‘?ftaé"cﬁ% Wasdie  in
Fig. 7H. COWemvwfb)wetspnb&b@eesiamﬁasx euévbaapé@r stﬁ?ﬁéﬁ' €u abpSStichHrRE TP, O

el ectrol ess ngqadl FI L 71, I | owe c? 0 he coggir and barrl er to
forma pl anff ugecan, epﬁ?tﬁ’ﬁ? %)/'o;p HReSSRraGRIses Ry Nartmaskser Cu

mat eri al s cwam@re theﬁm@/@z@mh@mmquﬁc@ant'é , dueQd HHrmbi @Bustfess and how
schemat i cal Ié %%?}Ps m ght be fornmed bet ween metal |ines usi ng a
Dual Danmasc@R&! Initially a conposite silica or OSG |l ayer with

por ogen (40jof ss;dﬁﬁmﬁnél Gdcdé@éﬂl @a@lﬂaéﬁrhétbﬁal%sﬁﬁho%hOMmbﬁ cbule RAisedhe
porogen is the orous silica or OSG |ayer (20) as

n

shown in FipegEse 53\ @géﬁ‘eﬁ"{ﬁ %ﬁt“rel‘ﬁﬁ Xerr BrEs theEnalfigiRg foéa"'BQ/bYGTF'{‘i%
porous | ayes$io, DS, a‘thN@abal’ty'ﬁb SepdEit anltf aHamtRE bf porelsDSPNMGErsae t he
porous | ayers are theg’ w ﬁe@”% photolitho eﬂa phic techniques (Fig
8D-E), it n%fﬁ?”t%e Help@ &0 &r oZFL{GPRroHs dieletricsn Agaiy $ing An diiesnie o
enhance 't hesat:hﬂttlalaﬁvbr@%be Rl ficturé More mehaRed strBfigth defing fabriddtidnayRr and
t he photore eci al Iaiqlf the sacrificial |ayer is an organic

mat eri al s. )5( ad d@greb%‘f"}q anigYEPie BGh Processhs: i si ng at |east one of Ta,
TaN, Ru, T| TiN, TiSIN, is then deposited as shown in

[00146] While the invention has been described in detail and with reference to specific
examples thereof, it will be apparent to one skilled in the art that various changes and
modifications can be made therein without departing from the spirit and scope thereof.
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Fig. 8F. Copper (70) is then deposited by for exanple electroplating or
electroless plating Fig. 8G followed by CW of the copper and barrier to
forma planar structure Fig. 8H A conposite layer of silica or OSGw th
porogen (40) is then deposited on top Fig 81. [00131] The preceding
descriptions are intended to be exenplary and additional steps and or

| ayers may be needed in order to conplete the integration schenes

descri bed. GUAIMBay al so be advantageous in certain enbodi nents to include

| ayers, such as: an etch stop |layer, an anti-reflective coating, a S102
har dmask | ay¥erclaim: Ti N or other netal hardmask, liners, barrier |ayers, Cu
diffusion layers, netal seed |ayers, netal adhesion |ayers, carbon

har dmasks et c t ol.assiApracasd foe fatmingarasir gap, dhel pfozbss cartprisngdf t he
structure. Further exanples would include but not be limted to: hard nmask
| ayer, etch stogajpasviding a substeats; adhesion | ayers, adhesion pronoters,
stress buffers, etch post treatnent, restoration chemstries, sacrificial

| ayers for trechbjdepssiting aeaarificlal Biyecwith atdaast one pegarticprecatsor ofto®is82] The
invention will be illustrated in nore detail wth reference to the

foll owi ng dokergtees, but it shoul d be understood that the present invention
is not deened to be Ilimted thereto. EXAMPLES [00133] Exenplary filns
were formed vi a (a)depesitiny & sbmpositd 16380 witharporegersthagisahe atipastione dipdrde | al s
Preci si on-5000 systemin a 200 nm DxZ vacuum chanber that was fitted with
an Advance gragirgor iR () antl o @26t oieosilida-eontaining breasuysopfor digahesikuzte chemni cal
precursors and process conditions. The CVD process generally involved the
follow ng dJes(OSS) preursbnbhitodhe Selistrafe; and st abi | i zation of gas fl ows,
deposition, and purge/evacuation of chanber prior to wafer renoval. The
thi ckness and r gtijapplyingeeriengiets the bussaeite having Wersachifsial ldyed and tre contposite
Filntek 2000 Refl ectoneter. RIE etching was perforned on an AMAT platform
usi ng st andayed tiRréme¥echothake pasrificBnRiver iot progtaRirgapsamdne boroged toiserioaa
Kar| Suss MA6 contact stepper at 365 nm and devel oped using 30 standard TMAH
devel oper gwreiislayesr, After R E etching of the features the remaining

phot oresi st was renoved in an 02 downstream ashi ng tool.

2. The process for forming an air gap in Claim 1, wherein the at least one
organic precursor is at least one member selected from the group consisting of:

(1) at least one cyclic hydrocarbon having a cyclic structure and the formula
C,H.,, where n is 4 to 14, a number of carbons in the cyclic structure is between 4 and
10, and the at least one cyclic hydrocarbon optionally contains a plurality of simple or
branched hydrocarbons substituted onto the cyclic structure;

{(2)at least one linear or branched, saturated, singly or multiply unsaturated
hydrocarbon of the general formula C,H 22y Where nis 2 to 20 and where yis 0 to n;

(3) at least one singly or multiply unsaturated cyclic hydrocarbon having a cyclic
structure and the formula C,Hz,5,, where x is a number of unsaturated sites, nis 4 to
14, a number of carbons in the cyclic structure is between 4 and 10, and the at least

one singly or multiply unsaturated cyclic hydrocarbon optionally contains a plurality of

simple or branched hydrocarbons substituents substituted onto the cyclic structure, and

35



[ 00134] Where applicable, thermal post-deposition treatnent or annealing
was performed in an Applied Test Systens, Inc. Series 3210 tube furnace
fitted with 4" dianeter purged quartz tube with a nitrogen flow rangi ng
from2 to 4 slpm The ranp rate was 13C per mnute from25 to 425C. At
425C, the filnms were soaked for 4 hours. The filnms were allowed to cool to
bel ow 100C before renoval fromthe furnace. Exanples 1 through 3 Deposition
of Sacrifi ebatainsaydbsydis ungatG¥agien bEun¥abatticoss oné 80the hydrbeaenexenpl ary
sacrificial |ayers were deposited upon the surface of a substrate via a

pl asma- enhanssttudad) process as described herein. Table | provides
deposition conditions for the three exenplary sacrificial |ayers. Table | -

Deposi tion Par ameffsas bné/Bick€lisshydrarion HavRL bieydic sbPaprd andthedrmula Ex.
2: 1,5- Ex. 3. Alpha- Ex. 4: Paraneters Decahydro- dinethyl-1,5- terpinene

Li nonene napAihawkee rriga odl adugiber 6Fckiborislih 89 bicyditifruttitd €6 4teju2,d
Fl ow 600 600 600 800 (mgm Carrier Gas 500 sccm 500 sccm (CQ2) 220 sccm

200 sccm  RGhathd £i0Bast oREBicyt rodaﬂﬂﬂﬁé;stioﬁauﬁ&ﬁ@m@@?l@m@oﬂéﬂgle drenp.
Chanber 10 Torr 8 Torr 8 Torr Torr Press. Spacing (mlli1- 400 400 350

350 inch) bFérﬂ:aaahg@%érbéﬂgsbﬁﬁﬁﬁed/\ér&@@hé%i@ﬂﬁic\étruaa%?si tion 87 nmmn 126
nmmn 8 nmmn 45 nnimn Rate 31 Exanple 4

(5) at least one multiply unsaturated bicyclic hydrocarbon having a bicyclic
structure and the formula CpHzn2+2¢, Where x is a number of unsaturated sites, n is 4 to
14, a number of carbons in the bicyclic structure is from 4 to 12, and the at least one
multiply unsaturated bicyclic hydrocarbon optionally contains a plurality of simple or
branched hydrocarbons substituents substituted onto the bicyclic structure, and
contains endocyclic unsaturation or unsaturation on one of the hydrocarbon
substituents;

(6) at least one tricyclic hydrocarbon having a tricyclic structure and the formula
CrHzn.s, where n is 4 to 14, a number of carbons in the tricyclic structure is from 4 to 12,
and the at least one tricyclic hydrocarbon optionally contains a plurality of simple or
branched hydrocarbons substituted onto the cyclic structure;

(7)at least one hydrocarbon structures containing one or more alcohol groups
and having the general formula CyHzns2.2¢.2y2(OH); where n is 1 to 12, and where x is the
number of cyclic rings in the structure and is between 0 and 4, and where y is the
number of unsaturated bonds in the structure and is between 0 and n, and where z is
the number of alcohol groups in the compounds and is between 1 and 4, and where the
alcohol functionality can be exo- and/or endocyclic;

(8) at least one hydrocarbon structures containing one or more ether groups and
having the general formula CyHzns2-2¢.2/0; Where n is 1 to 12, and where x is the number

of cyclic rings in the structure and is between 0 and 4, and where y is the number of

36



Deposition of an Lino sacrificial layer with a DEMS/ Li no conposite |ayer
[00136] A sacrificial |layer was deposited using the follow ng recipe: 800
ng/mn Lino liquid flow, 200 sccm CO2 carrier gas flow, 350 mlli-inch
shower head/ waf er spaci ng, 250C wafer chuck tenperature, 8 Torr chanber
pressure for 360 seconds to yield a filmwth the foll ow ng properties:
289 nmfilmthickness and a refractive index of 1.568. [00137] A conposite

| ayer was dagatardtedberidsin tHeesthuctve aad is hetweeah Olander, ans whgre his thé alinber ng
recipe: 800 ng/mn liquid flow (20/80 DEMS/ Li no nolar m xture), 220 sccm

CO2 carri enf gier fiikages BEe Btrutture aredis detweznheant dedrey wisgra thength2bliiRagafser
chuck tenperature, 8 Torr chanber pressure for 60 seconds to yield a film
with the fehhoeiexg- apiepaidocgsic; 114 nm fil mthickness and a refractive

i ndex of 1.439. [00138] This wafer was then coated with 500 nm of Shi pl ey

1805 resi st and (deatddampede hukbogrben KrudtGies coMdmingoteact meteogpoxidearodisc nm
12 mMWcn for 1 second exposure. The pattern was then devel oped using

TVAH. [ 001388 haking thegéresraldomwid CrHNRS,.4,.00) wieed1r (s U0 17) dndaviend kaiheg
sequence: first a 6 second high density Q2 plasma to clear the pattern,

foll onwed byumbePos@erd fng ifi tha/strutture andAd-BétWéeh ArarRit4; Antd dhepey Wiheh has an
etch rate of 140 nmmnute to clear the hard mnmask, followed by a second O

pl asna for ndfmbeeeluisatirated behidainalie bitGctmRQind iS BefWeedD aridP, #vd witee Rag d mask
as well as etching the sacrificial |inonene |ayer. A capping conposite

| ayer was therudb@agicpbedde giougs inmmelstlubeié ad isesitwsesn BAAd ADARE Whédeghé d f 1 ow
(20/ 80 DEMS/ Linmo nolar m xture), 220 sccm CO2 carrier gas flow, 350

m 1 -i nch epekiosvgrdips ¢anabealttasiarionocydi®fing\ef £ lingdrehkint enperature, 8 Torr
chanber pressure for 180 seconds to yield a filmwth the follow ng

properties: 362 (1NN dtidast bhe Bydresabamn striactures tbariningond srarorefaldetyd@ [ 00140]
This structure was then thernmal anneal ed to renove the porogen and the

sacrifici algrd,@ggndtr@vfngrtﬁé yéeral forB@d C, 85201 DD, SURGE Ho$ 1 1 ¢2,QFRIomRre REM
pictures of this stackand after thermal annealing is showmn in FI G 9A

Exanpl e 5 [i9BéhlinbEnss &aHE ifgd inARe Sfudiiredind i§ BEtwWeshDtarted, @ftliwHerey &theg of
a silicon feature began by thermally oxidizing a bare silicon wafer to

provi de an n@hbar 6f @afpateli bondeindné studtdre Al e obiweRne A4 MBNdWhdrep i®f the
thermal oxide a 0.5 micron thick |ayer of poly-silicon
the number of aldehyde groups in the structure and is between 1 and 4;

(11) at least one hydrocarbon structures containing one or more ketone groups
and having the general formula C,Haqs2.2¢.2y-2:0, where nis 1 to 12, and where x is the
number of cyclic rings in the structure and is between 0 and 4, and where y is the
number of unsaturated bonds in the structure and is between 0 and n, and where z is
the number of aldehyde groups in the structure and is between 1 and 4, and where the
ketone group(s) can be exo- and/or endocyclic;

(12) at least one hydrocarbon structures containing one or more carboxylic acid
groups and having the general formula CyHzns2.2¢.2-3{OOH), where n is 1 to 12, and
where x is the number of cyclic rings in the structure and is between 0 and 4, and where

y is the number of unsaturated bonds in the structure and is between 0 and n, and

where z is the number of carboxylic acid groups in the structure and is between 1 and 4,
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was grown via high tenperature (900 C) CVD process using silane, other type
of silicon such as anorphous silicon could also be used. The poly-silicon
was patterned 32 using standard photolithography techni ques and a BCl 3
based RIE process. After etching the poly-silicon the photoresist was
ashed in a 02 plasma and the patterned poly-silicon feature were then
coated with a conposite OSG | ayer using Air Products' proprietary

Meso- ELKTMspi n- dm3yatienss obShydrbcarbes stridtarestoantainktfan Besh sahsémgd at 400 C
in air to renove the porogen. The sanple was exposed to 10 Torr of BrF3 at

room tenpeaedoxyke dod gibupound inlhickBtHe3acki funeaerblity1s aeBidralea wWhsar &bjelic
structure and selectively etched the silicon feature. SEM pictures of the

air gap foranhgdrifet group whekt the strugtliRiige We §éiferalifbinida CLAY.EL, Jsi0g, BrF3 are
shown in FIG 9B. XeF2 can al so be used for- this fabrication process.

Exanpl e 6 [wWheidlis Fed12,eaidivherek istheaiumb@Bf & eings Wahe stre@lredrR is
sacrificial |ayer started with the deposition of a 1.2 mcron | ayer of

GeQ2 onto detiddna®and\af fid wivdre Yy theieimBeriop unsiftatdd bdnas ietiucrie MedCe
and 02, although other germani um based precursors, such as Ge(CEt)4, could

al s0 have hebewesso. anf rl, a)ie whefe SlstRe WambeLBRSNY8idOGroliBRintthe strlGufeest
using Me4Si plus 02 to act as a noisture barrier during TMAH devel opi ng of

t he photorestet2; again many different Si Q2 or OSG precursors could be used
for the roisture barrier. Once the phot oresi st was patterned and devel oped

the Si02/GeQ2 14 1686 08é R{tREcArBoR siRiddrts cBRtalRling &1 Qasﬁérourmtﬁ Ithd emoval

of the photoresist in a 02 plasma ash process the SiO2 cap can renain or

be .r enoved geReral formiBid §H4/A3.L0208, WheRs REEP fo121 Bnd WhéreSXiR T Rurhb (gfap Was
renoved in a tined etch. The Patterned GeO2 was then coated wt

conposi t e Clhiclriglin theishactid amd RBétlden OLAPE! SicPhMertBS8th Mr%?' n-on

porous OSG process. The conposite | ayer was cal ci ned at 400 Inair to

remove t he upS&tOERSY bdHdsah tHeOabichBe Mrddwihdie nBRE Bpfﬁe(aﬁga & bbfas&s di pped
in water for 10 minutes during which time the ved avvay A SEM

crossect i oronjlighted withané bé\bbr)(yl% f‘fﬁ@'e&@p%na Hekd & & tﬁla nbﬁ%ﬁf ptatt Eﬂé’e

porous OSG | ayer is shown in This process could a een

carried ougrdifisigtH32iRicRire BhdRI 1 5\6@ -er soluble netal oxide nmaterials as the
sacrificial material using a simlar schene

(15) at least one hydrocarbon structures containing an acrylate functionality
consisting of an ester group and at least one unsaturated bond that is conjugated with
the carbonyl of the ester group, and having the general formula CaHanez2x2y-2:{02)2
where nis 110 12, and where x is the number of cyclic rings in the structure and is
between 0 and 4, and where y is the number of unsaturated bonds in the structure and
is greater than or equal to 1, and where at least of the unsaturated bonds are
conjugated with the carbonyl group of the ester, and where z is the number of ester
groups in the structure and is 1 or 2;

(16) at least one hydrocarbon structures containing both ether and a carbonyl
functional groups and having the general formula CrHzn+2.2w-2¢-2y(0)(O), where nis 1 to
12, and where w is the number of cyclic rings in the structure and is between 0 and 4,
and where x is the number of unsaturated bonds in the structure and is between 0 and

n, and where y is the number of carbonyl groups in the structure in which the carbonyl
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[ 00143] The technol ogy of the present invention was successful in
fabricating air -gap. structures using three different sacrificial
materials. The first material was a labile organic sacrificial material,
whi ch was the sane labile nmaterial used to create pores in the Porous OSG
| ayer, this unity allows for the creation of the structure. By using the
sane material as both the sacrificial material and the porogen, the sane
PECVD chamesup camtiedkdionassed/draiiddhytibs, landaitfere 2 Rsthe hanien epétheggrdligPincoul d
be used to both 33 create the air gap and create the porous OSG t hrough
which the iiye stratiretandfis P 2hend Whére IR ehergicupR) @hh be eAgocytii®b@locyclic;
advantage with this process was that the PECYD deposition processes could

be carrier out 7)RNRRL6kehRfocHbE Srudiires RoAtalnihebdth ettier aR® bR ohol
di mensional ly stable sacrificial material relative to a spin-on polyner.

[ 00144] Theurrtiend Grérsranti Having tﬁ@Eéﬁér@l forada T,MaLEL S fOMRI®), WBErk Fisi et ur e.
Using an 1inorganic material as the sacrificial nmaterial 'gave the structure

mor e mechar2cand whérean Btthe A0SbaH bIOYBSE figys ih iR SRRIIE aRBIEbathaBalfdal ch
processes in the fabrication of the structure. One difficulty with GeQ2 or

B2CGB i n t hanfi alerERls th8 nGmbal 6f WRBGIrABE bbhes inslﬁé‘ﬂrl%tvl}l:{)ﬂeta?hfdtié’b@ﬁeeﬁr@&ﬁsses

such as: devel opers, strippers, Cu deposition and the GeQ2/ B2C3

structure @aand®herieo) i eAUhBEBIERRABI ROASERILS stAYCHFR! Snd Rk 26 tie
barriers, then GeO2B20O3 of fers uni que advant ages, due to thermal robustness

and nmechanugbkr 6t 6tRarbupd iR Mt sthuctite antinah of BCaRPwhere theathif %@PE@ B erial

was silicon. Silicon could be used because of the selective t he

XeF2 or Br b3 ehbiesytht oed@idid; for silicon versus Si2 or OSG and the
ability to deposit any of a nunber of porous OSG | ayers, for exanple using

PDEMSTM or  Meso{fd)lat RREDse KdRb&Rbon Qtﬁuctuﬁs@b&atam_ﬁig%y%rﬁbﬁwtiaﬁ fC

sacrificial layer gave the structure nore nmechani strength during

fabricati ofurzfishal atdupereicbRt M thebRdAY ﬁst%lhél%l,r%ﬁ’ér? Sﬁ%%&c esses.

[00146] While the invention has been desCribed in detail and wth reference

L Rat Ve the e o B N R Mo -
departing Wwhem kel ®P12, bhd WAdreSG APRe HRHEPSS cyclRérifdsth MR structure and is
between 0 and 4, and where v is the number of unsaturated bonds in the structure and
is between 0 and n, and where w is the number of alcohol groups in the structure and is
between O and 4, and where x is the number of ether groups in the structure and is
between 0 and 4 and where the ether group(s) can be endocyclic or exocyclic, and
where y is the number of carbonyl groups in the structure and is between 0 and 3 in
which the carbonyl group can be ketones and/or aldehydes, and where z is the number
of carboxylic acid groups in the structure and is between 0 and 2;

(19) at least one hydrocarbon structures containing one or more primary amine
groups and having the general formula CiHzns2.25.2y(NH2), where n is 1 to 12, and
where x is the number of cyclic rings in the structure and is between 0 and 4, and where
y is the number of unsaturated bonds in the structure and is between 0 and n, and
where z is the number of amine groups in the compounds and is between 1 and 4, and

where the amine functionality can be exo- and/or endocyclic;
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W claim 1. A process for formng an air gap, the process conprising:
(a)providing a substrate; (b)depositing a sacrificial |layer with at |east
one organi c precursor onto the substrate; (c)depositing a conposite |ayer
with a porogen that is the at | east one organic precursor in (b) and at

| east one silica-containing precursor or organosilicate glass(0SG
precursor onto the substrate; and (d)applying energy to the substrate

havi ng t he sacr i(R0yatadast ape hydrodarbbe stroctpesicontairiay ene bomorsnsecentiaryh t he
sacrificial |layer to provide air gaps and the porogen to forma porous

llayer. 2. Tamin®gRsups aint bavihgiing general fomniulg oD -(, 2(NHL whehends ntd 1@, at
| east one organic precursor is at | east one nenber selected fromthe group

consi sti ng #pid:wHeke xad the@bibe BECYRIE Fihgs IMVEE stadtreranidy betiveenQyaid 4, and
structure and the fornula C, H21, where nis 4 to 14, a nunber of carbons

in the cyclwifersyhigipletiumbed ob@hssRRated tonds inlBle sBUCLEENd Detasin ®amd AyCl i C
hydr ocarbon optionally contains a plurality of sinple or branched

hydr ocar bonsdsiutasié iztigihecthupiiep of Seconidaryl #inifé grstipl irethe(cdhflouheasid Bne | i near
or branched, saturated, singly or nultiply unsaturated hydrocarbon of the

general f orggsheerCH bﬁ@a, and WhierehtRé Bmihd fandtidnalitg@anbe exbeamd/or érifobydlie; N, (3)
at least one singly or nultiply unsaturated cyclic hydrocarbon having a

cyclic struct ur g2ayat 164 ohe hytroarbohidtructudl’ oftainihg ofe BUIMBRS teffaryammeur at ed
sites, nis 4 to 14, a nunber of carbons in the cyclic structure is

bet ween 4 Qudsoancﬂﬂﬂlﬁdlﬁe YenbRADIMUATTE, H§J+{'9 lz;léz(ﬂl')z WRErE ini ¥ td M5 aiht el
u

cyclic hydrocarbon optionally contains a plurality of sinple or branched

hydr ocar bonsg tehmhtber Gf Bydlic $iHBS In the s@UctOR dhd B Defvesen Caisd 4 UsHdUkiere §Msithdd

contains endocyclic unsaturation or unsaturation on one of the hydrocarbon

substi t uentrimtetof Ghsdt@ated BIMEs i BEGHUBURY SR MRS GHhdE, dndvierelz i
structure and the formula C'1-12".2, where nis 4 to 14, a nunber of

carbons in th@fﬁuﬁlbéf/@rltéﬁnaﬁlérﬁmblgrr&ﬁssn frHe0sBripduPdd And isslwb e 1 ahdlacand one
bi cyclic hydrocarbon optionally contains a plurality of sinple or
where the amine functionality can be exo- and/or endocyclic;

(22) at least one hydrocarbon structures containing one or more nitro groups
and having the general formula CHzn224-2y(NO>), where n is 1 to 12, and where x is
the number of cyclic rings in the structure and is between 0 and 4, and where y is the
number of unsaturated bonds in the structure and is between 0 and n, and where z is
the number of nitro groups in the compounds and is between 1 and 4, and where the
nitro functionality can be exo- and/or endocyclic;

(23) at least one hydrocarbon structures having both amine and ether functional
groups having the general formula CpHznez-20-2v-w-2x-3y-{ NH2)w(NH){(N),(OH), where n is 1
to 12, and where u is the number of cyclic rings in the structure and is between 0 and 4,
and where v is the number of unsaturated bonds in the structure and is between 0 and
n, and where w is the number of primary amine groups, x is the number of secondary
amine groups, y is the number of tertiary amine groups, and where 1<w+x+y<4, and

where z is the number of alcohol groups in the compound and is between 1 and 4, and

where the alcohol and/or amine groups can be exo- and/or endocyclic;

40



branched hydrocarbons substituted onto the bicyclic structure; (5) at |east
one nul tiply unsaturated bicyclic hydrocarbon having a bicyclic structure
and the formula C' H2n-(2+zx), where x is a nunber of unsaturated sites, n
is 4 to 14, a nunber of carbons in the bicyclic structure is from4 to 12,
and the at least one nultiply unsaturated bicyclic hydrocarbon optionally
contains a plurality of sinple or branched hydrocarbons substituents

substituted ont g4 Idtst Bhe hgdrdtdreih Birectu@s thaving o arainerzhdachiot
unsaturation or unsaturation on one of the hydrocarbon substituents; (6)

at | east omgnclibha\Fburs HAHgARa GRAsralRIthiNg @HEM&&QLZL@ZMHMN%@\J)%W)Lhe
e

formula C' H2" , where nis 4 to 14, a nunber of carbons in t

tricyclic sfHers higtetol 12, bh@Whérd QisiRe number 6fsycid ringdan thedstructure @yiglig C
hydrocarbon optionally contains a plurality of sinple or branched

hydr ocar bonsatgaedst hhd!4 eshdORhdre v tHaUrherof URStUiatsd fohdatin theasituctife and
hydr ocar bon structures containing one or nore al cohol groups and having

t he gener alis h&tw@bh ® fadhi And whereW i fHethumbvdreFf prifmahSamink @rdups, RRcdh#here X i's

the nunber of cyclic rings in the structure and is between 0 and 4, and

where y is duifer aﬂMhd&@tawﬁ@g#Uua&,qdisWﬁi@nb& éfhmiéﬁyrarﬁihelﬁﬁmapaﬁ@ bet ween

0 and n, and where z is he nunber "of al cohol groups in the conpounds and

i s between whepdd<@+x-Ad, ¥h¢WBetcEis e AANBEr dfeMerighalisiif theCampgting>add ignd/ or

endocyclic; (8) at |east one hydrocarbon structures containing one or nore

et her groumenddth 1 BAY 4Néhd WRerdINEEREr ARH/BHARINEYrBUpscafbe’dioz akllyer e N is 1

to 12, and where x is the nunber of cyclic rings in the structure and is
between 0 apdodycii@hagvhere y is the number of 36 unsaturated bonds in the
structure and i's between 0 and n, and where z is the nunber of ether

l'inkages in the (9kyaiGhast 8nd Rgdrotarb6h YREGuUrbsHaYing bofamiMeina daltongt her
| i nkage(s) can be exo- and/or endocyclic; (9) at |east one hydrocarbon

structures fGRitibAAIY R thEBERer@PRIrhd8 ups ,..angd  IRMpavH Ry gener al
formul a CnH2, ,|+z-zr§>gd?&2}'§/. Zzgzymhg‘egréeeﬁ is 1 t%%z?éévn%x%ﬁgr eB)r:@kiI s)k(t t)f'g 51nun‘oer

of cyclic R{Res niig1id, ahd WhEH &isARE nLmbBESMERI fhadnA tHe stAitLrivBAEes Y is the
nunmber of unsaturated bonds in the structure and is between 0 and n, and

where z is pdnpert/BREY, Sid HRE%IVAS tHY QiHRSer df uhbRufdd 6drids en MaGtiustpebMgen 1
and 4, and where the

is between 0 and n, and where w is the number of primary amine groups, x is the

number of secondary amine groups, vy is the number of tertiary amine groups, and

where 1<w+x+y<4, and where z is the number of carbonyl groups in the compound and

is between 1 and 4, and where the carbonyl groups can be aldehyde(s) and/or

ketone(s), and where the carbonyl and/or amine groups can be exo- and/or endocyclic.

3. The process for forming an air gap in Claim 1, wherein the at least one
organic precursor is at least one member selected from the group consisting of alpha-
terpinene, limonene, cyclohexane, 1,2,4-trimethylcyclohexane, 1,5-dimethyl-1,5-
cyclooctadiene, camphene, adamantane, 1,3-butadiene, substituted dienes,
decahydronaphthelene, 1,5-cyclooctadiene, cyclooctane, cyclooctene, norbornadiene,

5-Ethylidene-2-norbornene, cyclopentene oxide and cyclopentanone.
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epoxi de groups can be attached to a cyclic ring or a linear chain; (10) at

| east one hydrocarbon structures containing one or nore al dehyde groups
and having the general formula CnH2n+2-2x-2y-2z0z where nis 1 to 12, and
where x is the nunber of cyclic rings in the structure and is between 0O
and 4, and where y is the nunber of unsaturated bonds in the structure and
is between 0 and n, and where z is the nunber of al dehyde groups in the

structure and i s, bet Vﬁ'erpréce’s@doﬁbrrﬁii:éhnair% #96 IClaIRe1, Hyrthep eamprising of uct ur es
cont ai ni ng one or nore ketone groups and having t he general formula C'

Hen+2- 2x- 2yafiefingdRiér selédedfrd® tﬁ@gro@gd‘,ohﬁgfrfg of thé sadtficiankag®etheof cyclic
rings in the structure and i s between and 4, and where y Is the nunber
of unsatur@bﬁ@obimd i, thet ftroud layéridhdeconisindton eerestn 0 and n, and where z
is the nunber of a dehy groups in the structure and is betmeen 1 and 4,
and where the ketone group(s) can be exo- and/or endocyclic; (12) at Ieast
one hydrocarbon structures containing one or nore carboxylic acid groups

and having the gener athef 6885 ForFBiRiRg Anai-ghitrif Dl&iAH), Wheheh the ddposilioh®ofl 2,

and where x is the number of cyclic rings in the structure and i s between

0 and 4, anmh ydheifical Iﬁyérsanhhﬁe Békﬁ’ﬁ@ilte%yé#%‘i@b%aﬁé?&é?ﬂaﬁﬁlagﬁr éé%sﬁibﬁéfl(?t ure
and is betvveen 0 and and where z is the nunber of carboxylic acid

groups in q@eD§tructure and is between 1 and 4; 37 (13) at |east one
hydrocarbon structures containing an even nunber of carboxylic acid groups
and in which the acid functionality is dehydrated to forma cyclic
anhydri de group where the structures have the general formula

Cnk2n+2- 2x- 2y- ag( CB) ,Tnevm@é@.smoﬂfanﬁm@anﬂa?rga%nﬁlo;mﬁrﬁwheréntﬂéedém%ﬁs9#
cyclic rings in the structure and is- between 0 and 4, and where y is the

hunber of wnsedcrfighagydtndihé BorhhEsifliayravs BothVih plb&nb%hnm&haﬁ%dﬂ and
where z is the nunber of anhydride groups in the structure and 1s 1 or 2;

(14) at Ieagéorq%ﬁgﬁg,@ d\ay, structures containing an ester group with the
general fornul H2n+2- 2x- 2y-zz(Q2), where n is 1 tol2, and where x is the

nunmber of «cyclic rings in the structure and is between 0O and 4, and where
y i s the nunber of unsaturated bonds in the structure, and where none of

the unsaturated7bondy h%&ﬁocéé@%rlfgﬁﬁ«ﬁg aWaﬁr}Qabhﬁ CHAMPR WHerdih tHasRhirdidie ester,
and where z is the nunber of anhydrid

layer and the composite layer are deposited in one chemical vapor deposition (CVD)

step.

8. The process for forming an air gap in Claim 1, wherein the sacrificial
layer and the composite layer are deposited in one plasma enhanced chemical vapor

deposition (PECVD) step.

9. The process for forming an air gap in Claim 1, wherein the energy in the
applying step (d) includes at least one selected from the group consisting of a-particles,
B-particles, y-rays, x-rays, high energy electron, electron beam, visible light, infrared

light, microwave frequency, radio-frequency, plasma, and combinations thereof.
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groups in the structure and is 1 or 2; (15) at |east one hydrocarbon
structures containing an acrylate functionality consisting of an ester
group and at | east one unsaturated bond that is conjugated with the
carbonyl of the ester group, and having the general formula
CnH2n+2- 2x- 2y-21(02), where nis 1 to 12, and where x is the nunber of
cyclic rings in the structure and is between 0 and 4, and where y is the
nunber of unsat urmat edrHeOsrEGessToi foemBigrancditgep iaGlain &, vaiereihaie eergy imthequal
to 1, and where at |east of the unsaturated bonds are conjugated with the
carbonyl QgrappRiref stéped)eSaRitradibibt Wtr € z i s the nunber of ester groups in
the structure and is or 2; (16) at |east one hydrocarbon structures
cont ai ning both ether and a carbonyl functional groups and having the
general formula CnH2n+2-2w 2x-2y(Oy(Oz where nis 1 to 12, and where w
_is the nunmber ofq1cyclite probass foRforMRgdn dicga if G&ith 16 M@iﬁmﬂow 4, and
where x is the nunber of unsaturated bonds in the structure and is between

0 and n, afiéh wh® Serlormed WhenUikafiolef light bOwenis irgﬂheulazgédsmdaeswbwpémre in

whi ch the carbonyl 38 group can be ketones and/or al dehydes, and where z

i's the numifmogphepiclt@hdifo®isRseldcled frdif tifd rebp ebRsIStNG df Indrt, @kidZingadid Wher e
the ether group(s) can be endocyclic or exocyclic; (17) at |east one

hydr ocar bonegliding tateMpeitbad iithe ragjefbf%hmaém #8060 © ahdhn ekpirtiré Bmalis @r oups
and having the general formula C ,HZ12-2"-2. _40Hy(Oz where nis 1 to 12,

and where Whé faridecof DWRGRuteto §¥®bins, rings in the structure and is between 0
and 4, and where x is the nunber of unsaturated bonds in the structure and

is between 0 and n, and where y is the nunber of al cohol groups in the
structure, and where z is the nunber of ether groups in the structure and

is 1 or 2, and wiere tHEpBbaR foffoPmiPigeh #Pdap IRTISRTPMIErER tRE efrge irthiC!

(18) at | east one hydrocarbon structures containing any conbi nation of

functional gHpRIRPstEs (OGS MerhadRede following [ist: al cohol, ether,
carbonyl, and  carboxylic acid and having the general formula

C'H2n+2-2"-2v-W2y-3z(OH)WM O, (OMOOH)z where nis 1 to 12, and where u is
the nunber of cyclic rings in the structure and is between 0 and 4, and

where v is the mgrberTif pldBss! i ﬁafrﬁmfg@r&ﬁ%émintdlﬁnﬁz,wiﬁ tisbplyifg bet ween
0 and n, and where wis the number of al cohol groups in the structure and
I'S step (d) is performed when a pressure is in the range of 10 mtorr to the atmospheric

pressure; an atmospheric condition is selected from the group consisting of inert,

oxidizing and reducing; a temperature is in the range of ambient to 500° C and an

exposure time is in the range of 0.01minute to 12 hours.

14. The process for forming an air gap in Claim 1, further comprising of filling

pores in the porous layer.
15. The process for forming an air gap in Claim 14, the filling process is

performed by filling the pores with a polymizable organic species which can be activated

towards polymerization.
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between 0 and 4, and where x is the nunber of ether groups in the structure
and is between 0 and 4 and where the ether group(s) can be endocyclic or
exocyclic, and where y is the nunber of carbonyl groups in the structure
and is between 0 and 3 in which the carbonyl group can be ketones and/or

al dehydes, and where z is the nunber of carboxylic acid groups in the
structure and is between 0 and 2; (19) at |east one hydrocarbon structures

cont ai ni ng one dB. NOIMhe[prodERE YordGiniing af fairy2 s OhilavfuRbiet demgRiey al fornul a
C~-H2n+2- 2x- 2y-z(NH2) , where n is 1 to 12, and where x is the nunber of

cyclic ringspdafing BRps (&)@} B Ieasttheltitnd Rl WRRihgMndtidvél strabidreghere y is the
nunber of unsaturated bonds in the structure and is between 0 and n, and
where z is the nunber of amine groups in the conpounds and is between 1 and
4, and where the amine functionality can be exo- and/or endocyclic; 39
(20) at least one. hqurféfmé&ef&fbmhgbﬁ%irwtiﬁmimmnﬁtwcm gsifgerondar y
am ne groups and having the general fornmula C ,H2,1+2. 2x 2y ZZ(NH)Z where n
is 1 to 12filingperaehie i porbss kaer. nunber of cyclic rings in the structure and
is between 0 and 4, an where y is the nunber of unsaturated bonds in the
structure and is between 0 and n, and where z is the nunber of secondary
am ne groups in the conpounds and is between 1 and 4, and where the am ne

functionality cag. be TheQrogiRd e oMMAG ak Giridap ih Elaimaiz, h%ﬁﬁﬁngﬁﬂ@cék\édé ocar bon
structures containing one or nore tertiary amne groups and having the

gener al f omaHbndd bl thE_pda(Wih a PBI?H&aBiesqréaﬁi@ spéciefHHicHRER Be activated e

nunber of cyclic rings 1n the structure and 1S between 0 and 4, and where y
is the nurheard®polymentationt ed bonds in the structure and is between 0 and
n, and where z is "the nunber of tertiary am ne groups in the conpounds and
is between 1 and 4, and where the am ne functionality can be exo- and/or
endocyclic; (22) at |east one hydrocarbon structures containing one or nore

nitro groups and. haw packfeoBRARIGlan 4 §af, hdprdBsZectipsingf NC2) 2 where n

is 1to 12, and where X is the nunber of cyclic rings in the structure and
is between 0O anqa)gmmﬁb WREb&rate;i S the number of unsaturated bonds in the
structure and is between 0 and n, and where z is the nunber of nitro

groups in the copReOHnPRsadrficAbyGdmbriaig sficognd where the nitro
functionality can be exd- and/or ehdocyclic]
(c)depositing a composite layer with a porogen and at least one silica-containing
precursor or organosilicate glass(OSG) precursor;
(d) applying energy to the substrate having the sacrificial layer and the
composite layer to remove the porogen to form a porous layer; and
(e)contacting the substrate having the sacrificial layer and the porous layer with

a fluorine containing reagent under reduced pressure capable of diffusing through the

porous layer to selectively remove the sacrificial layer to form air gaps.

20. The process for forming an air gap in Claim 19, wherein the fluorine
containing reagent is XeF; or BrFa.

21, The process for forming an air gap in Claim 19, wherein the fluorine

containing reagent is a gas selected from the group consisting of HF, noble gas halides,
inter-halogens, CIF; and mixtures thereof,
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(23) at |east one hydrocarbon structures having both am ne and et her
functional groups having the general fornula

C'H2n+2- 2u- 2ww_2xay_ Z(NH2) WNH) Xx(N)y(OH) = where n is 1 to 12, and where u
is the nunber of cyclic rings in the structure and is between 0 and 4, and
where v is the nunber of unsaturated bonds in the structure and is between
0 and n, and where wis the nunber of primary am ne groups, X is the
nunber of secondary mmec@scﬁmrﬁermiplgbsaidgapriHMm 1€, wherdin theystepr{e)és
groups, and ere 1<mﬁ <4 . an t he nunber of al cohol groups
in the conﬁgﬁ/ﬁﬁneadn‘ﬂh?ré e\f@ﬁ?‘?'ile&\ﬁg 1%91(? where the al cohol and/or am ne
groups can be exo- and/or endocycli c; 40 (24) at | east one hydrocarbon
structures having both am ne and al cohol functional groups having the
general fornul a23 H2rfha-pRoeads -for favkiny ar (Etddp, it Kim( 19, wheldi thevdzerificial 1 s1 to
12, and where u is the nunber of cyclic rings in the structure and is

bet ween 0 aayer dompnsingpelyailicon sr sierphoobeiiice. unsaturated bonds in the
structure and is between 0 and n, and where wis the nunber of prinmary

am ne groups, X is the nunber of secondary am ne groups, y is the nunber
of tertiary am ne groups, and where 1 <wx+y<4, and where z is the nunber
of ether groups 24n t Mhegnopssdior farting ain dirajapder Cldimartfudtherastinprisinge t he

et her and/or am ne groups can be exo- and/or endocyclic; and (25) at |east
one hydr ocasrriniy 8t etehlstdEiayérasiprgedtohd base lageradfdhe subistragd.  f unct i onal
groups having the general formula

CnH2"+2. 2u_2,~ 2x 3y 21(NH2)", (NH)X(Ny(OZ where nis 1 tol 2, and where
uis the nunber of cyclic rings in the structure and is between 0 and 4,
and where v is tdse nurfegiroedssdtrsSiatningandinpds Claimt 26 whierdie theretclasidp | s
between 0 and n, and where wis the nunber of primary am ne groups, X is
the nunbenayet |§£smydayerf@meaen@muﬁ§nywmﬁng hsilicunabsiefte.t ertiary am ne
groups, and where 1 <wx+y<4, and where z is the nunber of carbonyl groups
in the conpound and is between 1 and 4, and where the carbonyl groups can
be al dehyde(s) and/or ketone(s), and mhere t he carbonyl and/or am ne

groups can be exgg: anthedfro€stddsyfotrifig af.-airld iRIOMIRSTS, frthel edoMbRgngbf ai r gap
in Caiml, wherein the at | east one organic precursor is at |east one

nmenber sel grittemhirg # Mybhsel@ited RoBARS g&IUp't@nQFEtlrgj oftBe shifipianiaper, thd nonene,
cycl ohexane, 1,2,4-trimethylcycl ohexane, 1,5 met hyl - 1, 5-

composite layer, the porous fayer and combinations thereof.

27. The process for forming an air gap in Claim 19, wherein the deposition of

a sacrificial layer in (b) is via a chemical vapor deposition.

28.  The process for forming an air gap in Claim 19, wherein the deposition of

a sacrificial layer in (b) is via a plasma enhanced chemical vapor deposition (PECVD).
29. The process for forming an air gap in Claim 19, wherein the deposition of

a composite layer in (c) is via a process selected from the group consisting of chemical

vapor deposition, spin-on coating, dip coating and mist deposition.
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cycl ooct adi ene, canphene, adamantane, 1, 3-butadi ene, substituted dienes,
decahydr onapht hel ene, 1, 5-cycl ooct adi ene, cycl ooctane, cycl ooct ene,

nor bor nadi ene, 5-Et hyl i dene- 2- nor bor nene, cycl opentene oxi de and

cycl opentanone. 41 4. The process for formng an air gap in Caim1l,
further conprising of patterning a |ayer selected fromthe group
consisting of the sacrificial |layer, the conposite |ayer, the porous |ayer

and conbi nati onsg, heerroéessTbﬁoﬂhmgmiﬁgrup ih@aihne, aeddin tgogndrgy Mitaem 1,
wherein the depositions of the sacrificial |ayer and the conposite |ayer

are both Via%p@h@’ét@ﬁlgd)\?rﬂmﬁes@%%i bhe8slecte&ibin thé grolipecopkigtisg 6f d-partitles/m ng
an air gap in Caiml, wherein the depositions of the sacrificial |ayer

and the corpgstities,yangs, ﬁfa?s,bﬁgmeﬁérg¥ Rleafron, dedindrant hisitleRght, infyred
depositions (PECVD). 7. The process for formng an air gap in Claim1l,

wher ei n t heighReiitrovaléfreqletitd! ragidrddiener PhMd, and ay@binatiengiBpasf.t ed in one
chem cal vapor deposition (CVD) step. 8. The process for formng an air
gap in Claim1, wherein the sacrificial I|ayer and the conposite |ayer are
deposited in one plasnma enhanced chem cal vapor_ depositiaon. (PECVD). sﬁep.

9. The process for folhfRIgeess faf iorging anpicga 'mq?'nhf%ﬁ“g\eﬁe'f‘me‘@??égb@t % the
applying step (d) includes at | east one selected fromthe group consisting
of a-parti @PEYING step s an edraviplet ight.  «_rays, high energy el ectron,

el ectron beam visible light, infrared I|ight, mcrowave frequency,

radi o-frequency, plasma, and conbi nations thereof. 42 10. The process for
formng an air g{af in.Caiml1l, wherein the en_egﬁy_ in the appl inﬁ step (d)
i s an ul traviol el4 1 i gHie pregessTREfopRREANAIF gaP INSaM$!. yyhessi “&;\%OH' " ai m
10, wherein the applying step (d) is perfornmed when a ultraviolet |ight
pover is i rbteme&)is d wheg andd poyeris in hefaagmel§ to JA0RIV anatmaspbeliect ed
fromthe group consisting of inert, oxidizing and ,  reduci ng; a tenperature
is in the rengiopfs %ﬁmt%gﬁomdh%gwuecaﬁasm @‘xm@%@wan redyging; a

temperature is in the range of ambient to 500° C and an exposure time is in the range of

0.01minute to 12 hours.

33.  The process for forming an air gap in Claim 19, wherein the energy in the

applying step (d) is thermal energy.

34. The process for forming an air gap in Claim 33, wherein the applying
step (d) is performed when pressure is in the range of 10 mtorr to the atmospheric
pressure; an atmospheric condition is selected from the group consisting of inert,
oxidizing and reducing; a temperature is in the range of ambient to 500° C and an

exposure time is in the range of 0.01minute to 12 hours.

35. The process for forming an air gap in Claim 19, further comprising of

filling pores in the porous layer.
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the range of 0.01 mnute to 12 hours. 12. The process for formng an air
gap in Caim1, wherein the energy in the applying step (d) is thernmal
energy. 13. The process for formng an air gap in Caim12, wherein the
applying step (d) is performed when a pressure is in the range of 10 ntorr
to the atnospheric pressure; an atnospheric condition is selected fromthe
group consisting of inert, oxidizing and reducing; a tenperature is in the
range of anbi ent36 o S5He fPocesd famforming @siEirgdp imClaim 35) théfillinggmgesssiis0. 01
mnute to 12 hours. 14. The process for formng an air gap in Caiml,
further comerfosnedbyfillifg thieipages with @ polymizaite prganicspbeige whichan Beaadtivategss
for formng an air gap in Caim1l4, the filling process is perfornmed by
filling theowanepolynidizatigpol ym zabl e organi c speci es which can be activated
towards pol ynerization. 43 16. The process for formng an air gap in Caim
| further conprising repeating steps (a)-(d) at |least one tine for naking
multil evel structures. 17. The process for formng an air gap in Caiml16,
further conprisi3ry ofThefprbbésadopformmgian difyapinCiim 1SBfuether dddnpriitg pr ocess
for formng an air gap in aim1l7, the filling process is perfornmed by
filling theepaiting stdpsiap(e)at wabzaR thnofag atikinganeitiees stuctrescan be acti vat ed
towards pol ynerization. 19. A process for formng an air gap, the process
conprising: (a)providing a substrate; (b)depositing a sacrificial |ayer
conprising silicon; (c)depositing a conposite layer with a porogen and at

| east one si | i ca8coNtRidProgessHFoERHARE AnQir HpdA TG 37T Alirthed o (isingf
precursor; (d) applying energy to the substrate having the sacrificial

| ayer and tfifilxg poPeiashe foroay Riyef.0 renove the porogen to forma porous

| ayer; and (e)contacting the substrate having the sacrificial |ayer and the
porous |layer with a fluorine containing reagent under reduced pressure
capabl e of diffusing through the

39.  The process for forming an air gap in Claim 38, the filling process is
performed by filling the pores with a polymizable organic species which can be activated

towards polymerization.

40. A process for forming an air gap, the process comprising:

(a)providing a substrate,

(b)depositing a potar solvent soluble metal oxide sacrificial layer with a metal
precursor;

(c)depositing a composite layer with a porogen and at least one silica-containing
precursor or organosilicate glass(OSG) precursor; |

(d)applying energy to the substrate having the sacrificial layer and the composite
layer to remove the porogen to form a porous layer; and

{e)contacting the substrate having the sacrificial layer and the porous layer with
a polar solvent capable of diffusing through the porous layer to remove the sacrificial

layer to form air gaps.
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porous | ayer to selectively renove the sacrificial layer to formair gaps.
20. The process for. formng an air gap in Caim19, wherein the fluorine
containing reagent is XeF2 or BrF3. 21. The process for formng an air gap
in Caim19, wherein the fluorine containing reagent is a gas selected
fromthe group consisting of HF, noble gas halides, inter-halogens, CF3
and m xtures thereof. 44 22. The process for formng an air gap in Caim
19, wherei n t he 43t ep The)prbcess e fooNiAg dn \direyaptie Osimad0, whetein trsdepobition 4600
C. 23. The process for formng an air gap in Caim19, wherein the

sacri fi ci al polat\selvesiosanibie metal RRIdE-sathifici Tayer ind(Bh apd thesdepokitiondi a 24.  The
process for formng an air gap in Claim219 further conprising formng an
etch stop kampbsitedapsrah abtars big Dordtedsnescted fréeans gRRbIhSIstingPof alhe process
for formng an air gap in Gaim24, wherein the etch stop layer is a SiQ2
| ayer for nmesemical Jdper G8pdsitiopx sihDntdating idig-66utling Wpdtmist depodflion.The process
for formng an air gap in Caim19, further conprising of patterning a

| ayer selected fromthe group consisting of the sacrificial |ayer, the
conposite layer, the porous layer and conbinations thereof. 27. The process
for form ng an apr gapeipioddssifoR fdPming/BR aftigaptih €l4lSRTS Whiefdin fe pofar solvent
sacrificial layer in (b) is via a chemcal vapor deposition. 28. The
process fokoluBleThétel grecarsor is aydrMakiudl (Be) DasedpreRlrsol Bea B6RRAIB) basedof a
sacrificial layer in (b) is via a plasnma enhanced chenical vapor deposition
(PECVD) .  Bfbculddr; 4HdARE polat SbivérRsBiuble: MBtaRbkidd 8crifikiaHlageis b%e@@!é?&* dét 4 he
deposition of a conposite layer in (c) is via a processS selected fromthe
group consigsdi pge©f chenical vapor deposition, spin-on coating, dip
coating and m st deposition. 45 30. The process for formng an air gap in
Claim 19, wherein the energy in the applying step (d) includes at |east
one selected fromthe group consisting of a-particles, F3-particles,
y-rays, X-rays, 481 gh TRReiredess i61abifiRg af laft GahGh ORAAM2, WhetdM fhel dedbnium
infrared 1light, mcrowave frequency, radio-frequency, plasm, and

conbi nat i onge} tbidelPrecursor is selected from the group consisting of tetramethyl germane,
germane, tetramethoxy germanium and tetraethoxy germanium; and the boron (B}

based precursor is selected from the group consisting of trimethyl boron, trimethoxy

borane, triethoxy borane and diborane.

44, The process for forming an air gap in Claim 40, wherein the polar solvent
in step (e) is selected from the group consisting of alcohols, ethers, heteroatom

containing molecules, esters, ketones, aldehydes and mixtures thereof.

45. The process for forming an air gap in Claim 40, wherein the polar solvent

in step (e) is water.

46. The process for forming an air gap in Claim 40, a surfactant is further
added to the polar solvent to facilitate the diffusion of the polar solvent through the

porous dielectric layer.
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31. The process for formng an air gap in Caim19, wherein the energy in
the applying step(d) is an ultraviolet light. 32. The process for formng
an air gap in Caim31l, wherein the applying step (d) is perfornmed when an
W power is in the range of 0 to 5000 W an atnospheric condition is
selected fromthe group consisting of inert, oxidizing and reducing; a
tenperature is in the range of anbient to 500 C and an exposure tinme is in
the range of 0.01 minute to 12 hours. 33. The process for formng an air
gap in Caim19, wherein the energy in the applying step (d) is thernma

energy. 34. The 41 oc e groesk For fortBing Anaiir ga@pd OlAImA R furh&s compesing bf t he
applying step (d) is perfornmed when pressure is in the range of 10 ntorr

to the at npanéeirgca lapsessiatiad frém thé roTPEhkistigPorthé sadificRl Rgéctieed fromthe
group consisting of irnert, oxidizing and reducing; a tenperature is in the

range of afébh\%ﬂ&itélﬁyé@&e_ﬁl‘p@&% laer SNERRPbifatiohSthdréofl N the range of 0.01
mnute to 12 hours. 35. The process for formng an air gap in Caim 19,

further conprising of filling pores in the porous |layer. 46 36. The
process for formng an air gap in aim35, the filling process is

performed by fil4ging ﬁrﬁ%r&%s@._?rowbmngaﬁ@i@pﬁﬁ@i@wmcgwmb%iﬁmr@gmim@ can
be activated towards polynerization. 37. The process for formng an air

gap in O aia@pfhgfstss REinchiB st RlaBfond &b 18MIRE BRoubonéiStingéf d-pasitlesNe
time for making multilevel structures. 38. The process for formng an air

gap i n C aigipatticled Yrahs x-@MHidibmbgPbleclrbn, ldldt@roR Pedm, Uliralidft RGHtOUSIbleayer -
39. The process for formng an air gap in Claim38, the filling process is

per for med mghtf, inffral0ighb fnibRinase WehBerfty PRIdSHEQRInGy Qh&aktl iSRS, i@ wWhi ch can
be activate towards pol yneri zation. "40. A process for formng an air gap,

t he processof®ibSd thereof (@) provi ding a substrate; (b)depositing a polar
sol vent soluble netal oxide sacrificial layer wwth a netal
49. The process for forming an air gap in Claim 40, wherein the energy in the

applying step (d) is an ultraviolet light.

50. The process for forming an air gap in Claim 49, wherein the applying
step (d) is performed when an ultraviolet light power is in the range of 0 to 5000 W; an
atmospheric condition is selected from the group consisting of inert, oxidizing and
reducing; a temperature is in the range of ambient to 500° C and an exposure time is in

the range of 0.01minute to 12 hours.

51.  The process for forming an air gap in Claim 40, wherein the energy in the

applying step (d) is thermal energy.

52. The process for forming an air gap in Claim 51, wherein the applying
step (d) is performed when a pressure is in the range of 10 mtorr to the atmospheric

pressure; an atmospheric condition is selected from the group consisting of inert,
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precursor; (c)depositing a conposite layer with a porogen and at | east one
silica-containing- _precursor or organosilicate glass(0OSG precursor;
(d)applying energy to the substrate having the sacrificial |ayer and the
conposite layer to renove the porogen to forma porous |ayer; and
(e)contacting the substrate having the sacrificial |ayer and the porous

| ayer with a polar solvent capable of diffusing through the porous |ayer
to renove wRidiziacand reducihg; d ywperdtoref is irmheirangagfamiientdd 500M€ apd@pess for
forming an air gap in Caim40, wherein the deposition of a polar solvent
sol ubl e neweaposuxe timedsitrthé rarigel of l0ayi@ninute t¢ B2 haod. t he deposition of a
conposite layer in (d) are via a process selected fromthe group consisting
of a chem cal vapor deposition, spin-on coating, dip-coating and m st
deposition. 42. The process for formng an air gap in Caim40, wherein the
pol ar sol vent &6l ublTherpebedss fordommniag anialr gapde Ol 40)TUrEe) chrppsEingbecur sor
or a boron (B) based precursor; and the polar solvent soluble netal oxide
sacri fi ci affillihgyeresiis tHe sep6ls kagerer or a B203 | ayer. 43. The process for
forming an air gap in Caim42, wherein the germanium (Ge) based precursor
is selected fromthe group consisting of tetramethyl germane, gernane,

t et ranet hoxy germani um and tetraethoxy germanium and the boron (B) based
precursor is selsct ed‘hfe@cb&ésb@or@'bmhlﬁgﬁﬁ%&i?ﬁgiiﬁ'ﬂ:lé%ﬁiﬁﬁll%'pr@@és@ﬁs
trimethoxy borane, triethoxy borane and di borane. 44. The 'process for
form ng an paiforngmiby lirg thé PorfkR, with& pelymiZabR GtehME spedieeRhich ican Bk @Rtiva®ad | S
sel ected fromthe group consisting of alcohols, ethers, heteroatom

cont ai ni ng towdrés pbigerigfionl s, ketones, al dehydes and mi xtures thereof. 45.
The process for formng an air gap in Caim40, wherein the polar solvent
in step (e) is water. 46. The process for formng an air gap in Caim40, a
surfactant is further added to the polar solvent to facilitate the

di ffusion of thespol ghepeboees forttbrintibg Bn bigap P CRI 491 eSS IdohfprisRY e -

repeating steps (a)-(e) at least one time for making multilevel structures.

56. The process for forming an air gap in Claim 55, further comprising of

filing pores in the porous layer.

57.  The process for forming an air gap in Claim 56, the filling process is
performed by filling the pores with a polymizable organic species which can be activated

towards polymerization.

58. A process for forming an air gap, the process comprising:

(a)providing a substrate;

(b)depositing a polar solvent soluble metal oxide sacrificial layer with a metal

precurscr,
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48 47. The process for formng an air gap in C aim40, further conprising
of patterning a | ayer selected fromthe group consisting of the
sacrificial |layer, the conposite |ayer, the porous |ayer and conbi nations
t hereof. 48. The process for formng an air gap in Caim40, wherein the
energy in the applying step (d) includes at |east one selected fromthe
group consisting of a-particles, (3-particles, y-rays, x-rays, high energy
el ectron, el ect r(cjdepesiting alcomausite layer withhd porogem tHat is the gblar solméntaoridbld | ght ,
m crowave frequency, radio-frequency, thermal, plasma, and conbinations

t her eof . 49mefaéhexige indbpand atrledsironk silicacontanirgpgrecurslt ar orydiibsilichter ei n t he
energy in the applying step (d) is an ultraviolet light. 50. The process
for form nglass(@BG) gaseursor;Cl ai m 49, wherein the applying step (d) is
performed when an ultraviolet |light power is in the range of 0 to 5000 W
an at nospheri c (doedtdcting thes sastratd Bavifig e sdwifigablapecand tiet corgpasitei lart |,
oxi di zing and reducing; a tenperature is in the range of anbient to 5000 C
and an expogith & polamsolveni to reiitwertad geragfenGo Gdrmriarpdréud Ryd2amdt femdvk. théhe
process for formng an air gap in Caim40, wherein the energy in the

appl yi ng stsagrificki layer toornedir gaper gy. 52. The process for forming an air gap
in Caimb51l, wherein the applying step (d) is performed when a pressure is
in the range of 10 morr to the atnospheric pressure; an atnospheric
condition is selected fromthe group consisting of inert, 49 oxidizing and
reduci ng; a tenBg. at UThe process fohrmmgam Hf g iniGEim 58) wiHesin theadsposition of
exposure tine is in the range of 0.01 mnute to 12 hours. 53. The process
f.or. form nga poladdiveitBollble Ghethlbxidd sdcHfidifiesye? () ot e @dpositiohlof 49 pores in
the porous layer. 54. The process for formng an air gap in C aim53, the
filling proagegpsitslaypeinf(@y aredidy pfdckbs sgleitbe froer tAE gréupconsigMy i Zabl e
organi ¢ species which can be activated towards polynerization. 55. The
process f orcheatidsl epatRiepbsitien BpintorEaiting Adip-CuatinaeindoRiRPaéFdsiiBn.

60.  The process for forming an air gap in Claim 58, wherein the polar solvent
soluble metal precursor is a germanium (Ge) based precursor or a boron (B) based
precursor; and the polar solvent soluble metal oxide sacrificial layer is a GeQO; layer or a

B.O, Iayer.

61.  The process for forming an air gap in Claim 58, wherein the germanium
(Ge) based precursor is selected from the group consisting of tetramethyl germane,
germane, tetramethoxy germane and tetraethoxy germanium; and the boron (B) based
precursor is selected from the group consisting of trimethyl boron, trimethoxy borane,
triethoxy borane and diborane.

62.  The process for forming an air gap in Claim 58, wherein the polar solvent
in step (e) is selected from the group consisting of alcohols, ethers, heteroatom

containing molecules, esters, ketones, aldehydes and mixtures thereof.
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repeating steps (a)-(e) at least one tinme for making nultilevel structures.
56. The process for formng an air gap in Caimb55, further conprising of
filling pores in the porous |ayer. 57. The process for formng an air gap
in Cdaimb56, the filling process is perfornmed by filling the pores with a
pol ym zabl e organi c species which can be activated towards polynerization.
58. A process for formng an air gap, the process conprising: (a)providing
a substrate; (b)aSeposihe prgcessfot farminglanaait gapoinidien H8: tvetlerein ithepalarcsalent i al

| ayer with a netal precursor; 50 (c)depositing a conposite layer with a
por ogen t hah siep (hie watérar sol vent soluble netal oxide in (b) and at | east
one silica-containing precursor or organosilicate glass(0OSG precursor;
(d)contacting the substrate having the sacrificial |ayer and the conposite
| ayer with a polar solvent to renove the porogen to forma porous |ayer
and to renove t gl sédarhd processl fot @yrmingtan dingap iniClaigafs; .a ssbfactBhtisurtieess f or
formng an air gap in Caimb58, wherein the deposition of a polar solvent
sol ubl e netaaked o the pokarisiofvient tal fadilityterthée diffubion afi thet potardepesat thraughdhe a
conposite layer in (d) are via a process selected fromthe group consisting
of a chenipadusvdiglectridégyesi ti on, spin-on coating, dip-coating and m st
deposition. 60. The process for formng an air gap in Caimb58, wherein the
pol ar solvent soluble netal precursor is a germanium (Ge) based precursor
or a boron (B) based precursor; and the polar solvent soluble netal oxide
sacrificial |ayess.is theGorodedsdpeiormingaan di245d ihaigim 5& furthBheompasiag of f or
formng an air gap in Caimb58, wherein the germanium (Ge) based precursor
i.s sel ect edhattening & Ry Seldcteé® fidmSthe GebuplconeistitdTel thi sagifficiRRger, tiger mane,
tetramet hoxy germane and tetraethoxy germani unmm and the boron (B) based

precursor iconfRie lag8r, tieparbhie|agenaty eomisihationsheréoft ri net hyl boron,
trimet hoxy borane, triethoxy borane and di borane.

66.  The process for forming an air gap in Claim 58, further comprising of

filling pores in the porous layer,

67. The process for forming an air gap in Claim 66, the filling process is
performed by filling the pores with a polymizable organic species which can be activated

towards polymerization.

68. The process for forming an air gap in Claim 58 further comprising

repeating steps (a)-(e) at least one time for making multilevel structures.

69. The process for forming an air gap in Claim 68, further comprising of

filling pores in the porous layer.
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62. The process for formng an air gap in Caim58, wherein the polar
solvent in step (e) is selected fromthe group consisting of alcohols,

et hers, heteroatom containing nol ecul es, esters, ketones, al dehydes and

m xtures thereof. 51 63. The process for formng an air gap in C ai m58,
wherein the polar solvent in step (e) is water. 64. The process for
formng an air gap in Caimb58, a surfactant is further added to the polar
sol vent to faci A0, at eTHeWotkdsfusioptingfantdiegapoihlaispbY, et fillify progbss e

porous dielectric |layer. 65. The process for formng an air gap in Caim
58, furthemesformed by filin@the forés @it b PalyPnizabie brganicespeeids whivh daRetdctivited
consisting of the sacrificial layer, the conposite |ayer, the porous |ayer
and conbi nagwands polyfietigdtio06. The process for formng an air gap in daim

58, further conprising of filling pores in the porous |layer. 67. The
process for formng an air gap in aim66, the filling process is
performed by filling the pores with a pol ym zabl e organi ¢c species which can

be activated towards polynerization. 68. The process for formng an air
gap in Claimb58 further conprising repeating steps (a)-(e) at |east one
time for making multilevel structures. 69. The process for formng an air

gap in Claim68, further conprising of filling pores in the porous |ayer.
52 70. The process for formng an air gap in Caim69, the filling process
is performed by filling the pores with a polym zabl e organi c speci es which

can be activated towards polynerization. 53
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