06902ZP USA TITLE OF THE | NVENTI ON: MATERI ALS AND METHODS OF FORM NG
CONTROLLED VO 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 mcroelectronics and i n nanotechnol ogy i ndustries to
be able to deposit materials, which can act as fabrication aids, but which
can be easily renoved once fabrication is conplete. One exa@pb@2ZR USA s in
t he nanotechnology area is the use of SiQ2 as a fabrication aid used to
hel p fabricate silicon cantilever structures. Once the fabrication is
conplete, the Si2 can be renoved by etching in aqueous HF w thout
affecting the silicon. The use of aqueous solvents to renove the Si Q2,
however, can cause col | apsi ngTOLE Gk TsHRINVENTIQBE ures due to capillary
effects, which arise during drying of the water, for exanple in cantil ever
fabrication. It has\ﬂarEBMki@ehNDé@TH@BStQ%FOHNHBIGs@DéHﬁ%E&‘é‘ﬁlmg of
silicon versus SiO2 by XeF2 can be used for this fabrication by capping
the silicon with a thin organic nenbrane through which the XeF2 can be

di ffused. [0003] One &ROPS-KEFERINCEIO RELAHEP ARPHCATIONS®rials in the

m croel ectronics industry has been the use of a sacrificial organic
material to introduce voids into an organosilicate glass (0OSG to nmake a
por ous OSd000hE §hiaapplidation ofainnmlw@fit/@“ WS. Riavisioret Applicatien ol 2,1%%e
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is 1.0, wh e diel ectric cons material 1s” gen

>2. 7. The bowéerentd.mi t for diel ect r| c constant in mcroelectronic
fabrication is achieved by incorporation of air S, which exhibit an
effective dielectric const aBACKGRDlGND'DfeTHEéN‘dENg&gﬁl ficial organic
layers is one promising way to realize this. [0004] Air gaps can be forned
wi t hi n t hel0982) ctbmﬁsurablesrmbemrtm migreelactianidsang ipnangipeinotagitindygyries tone
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a space |removed once fabncatlon is complete. One example of this in the nanotechnology area
is the use of SiQ; 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 (0SG) 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 semiconducter 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
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06902ZP USA between rai sed surfaces forns air gaps or voids between those
surfaces. ggpgblpyggonnection, the air gap is formed within the spacing
between a pair of interconnect |ines, when the spacing is partially filled
with a poorly conformal dielectric material, as shown in Fig 1. The poorly
conformal dielectric material may be deposited, for exanple, by chem cal
vapor deposition or other neans. This process, however, nay not be
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D 0006]  Bnesbieis the RiPal e damdheat Botess By CoPRIUR R UARI AT

2002/ 10168&&,—.@}5;5153@92)5@(22563 and U. S. Pat. Nos. 6,316, 347; 6, 329 279; and
6, 498, 070; 835 B1: 720, he
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i nvention ygpoR dBpeHes %xh@rcoh@rﬁmgﬂgaammwnh g ARYHHE Bich rateswiasrsroabaed Wwith one
enmbodi nent of the gresent i nvent1.on, epro_izess co(gg1 §| ng rErow di n
subst r at e; 2 BEFQR BYSTRAVINAALORENING fQrme g*ﬂsF i { e SRUNF UL ERtesiahls dheny ved
prteﬁur sor m%L@httﬁ@opéMﬁ@hél% Buffshed O, tSd@?h& te€hrifuedih FRpRposi te mat e{ lhal S
Wi a porogen he sane S sor in e
sacrificial® %Pﬁl/ep anatafPpiggldes. 6‘%?0914&?%9{?5827% gﬂﬁ%ﬁ%"coggﬁgﬁ 'sor or
precursor oMo mfs@ssuhétzoaﬁfeozmdaﬁwl %i PSt. RBSI&Y16,847; mm pad e haV| ng
the sacrificial osite ﬁggerl |ls to. re ve both

Lhe St | pHBRarO s SR8k & 7o FeSt pf dskioat meepcs et Joe AT GOy

porous | aY%%terl[ap@%]orééhlé‘BQ%\SF cﬁjﬁé@%wtdgeﬂaytelaﬁaﬂhgaﬁ@br hﬂbeemérmys t he
process corrprl si ng provi di a substrate; providi a sub

deposi ting gl'%lawmomli{e&moqegy/@ra Hherpal angg! under an inert 6hvironment oraburhmg

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 layer to‘remove the porogen to form a
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silicon; depositing a conposite |layer with a porogen and at | east one

si | i ca- conpgdgdizpg g Rr ecursor or organosilicate gl ass(0SG precursor;

appl ying energy to the substrate having the sacrificial layer and the
conposite |layer to' renove the porogen to forma 2 06902ZP USA porous

| ayer; and contacting the substrate having the sacrificial |ayer and the
porous layer with a fluorine containing reagent under reduced pressure
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gaps. BRI EF DES |ng m@o: SEVERA E/ E‘\—/@ OEQI THE DRAW NGS [0011] FI G

Shows a cr¥Rcsigaldayesvithiafet p@ﬁ”'&PF dgrpsiting asempysigdarer 41ig 2 9%?%@@ of

the prior ghfe sérﬂ%aﬂar Sbi{ent 2olebRVRe @M@mﬁ@séd;rmeal layéreamdCdt I3t 8hé - gap
structure forned removi ng materi al rou& an aperture in the bridging

| ayer of tﬁ@:ap?qrmm'aetprequmgy SIEPRpsitpats GES(SG) GERSLERSE: GapiAding i

i |1 ustrati §ihsBERHARHY the sﬁérﬂaﬁl raperaaﬁmhb@dmpbgfe IE?!HW{PIQE Polst dointfe of the
pl‘ esent invention usi I’l fp ener ay to renopve
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 GeQ, sacrificial material in the void space.
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sacrificial material in the void space. [0014] FIG 4 Shows a cross section
view i || uspagioizpd Ph ogr essi ve steps of an alternate method and enbodi ment
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, s[ohs] aE|IG\aE Stiowd ghe i¥BbR: eafkXodaeting b dual damdseena@topper trietalvoi d
space. 3 06902ZP USA [50016] FIG 6 Shows one possible route to formng a
dual danasPEEPGHRA®ME al i nterconnect schene. [0017] FIG 7 Shows one

possi bl e rmone t PIG.qr SAdvg éheSpaigible datERBIeming aBPgle dehacend DbEIet onetaiCt
schene. [00 FI G Shows anot her possible route to formng a dual
damascene ¢ ']f%l“e"[rﬁ,é'ﬁmer nt erconnect scheme. [0019] FIG 9A, 96, and 9C are

scanni ng ejoeasy ORIGTIECSHHRIRtHdIpossibliefrode te fdrmirdtd dedl deemstaterdoppered Wt h
voi d spacerﬁ]egii n the present invention. DETAILED DESCRI PTI ON OF THE

| NVENTI ON FRMEACEREETIH ¢ devi ce di mensions continue to shrink, there

is a need foong] i PIEOA D andiod @r@tsta@nuﬁg bl trérpinfirbstiope Whadesesf @ttuabwer
dielectric consta s. Over the past ears there@n%rl een a progression
an

of di el ect FTHCtYas Abrigated with ¥oig; spaces Hs'ﬂ% eregent IR d now to porous

OSG s with dielectric constants as low as 2.0. In order to achieve

di el ectric constants down 9 i t porate 25% or nore
Fﬁroggéyflnto t he OSG fﬂﬁﬁghﬁg Fﬂ%ﬁﬁﬁﬁegéﬁﬂ%J§2?¥£L?ﬁcorpor?tesoiBt?_t
e | i ncreases it .no S e dielectric ¢ ant, but i
Cnosos an O0BM (REEBERS TG deviEs tisnsions GAIUELP SHHCHIETS B8 neGRL T For
ex aLrpI e, fhndﬁl@g& distexttit anDy\matbralsdmei @@rﬁdvfermrw&or@fan?s P&Ezh@ past

nmechani ca ar dness

GPa, W th our ch y (see for
T oo Ot i ege Bae bosrsa srressan i CioNgiaas I Eidh BIeSG Rt vor at o4
herein by Osfﬁrémﬁﬁﬁwﬁ) m&wss@‘éﬁvmmui@recﬁlc dmgtbnts?a%%\s)@rsczsmtm daeér ta
dielectric har dness of

but a pechani cal %n) g GPa.
Ext r apol at qac%be e@tp@ggpqt@%@g\ﬂn fQadit s 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 2.8 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 procasses 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 bgsywzp Ysgry have a nmechani cal hardness of |ess 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

| ength. The interconnect pathlength, as neasured by Positron Annihilation
Li feti me Spectroscopy (PALS), is a neasure of the | ongest distance a
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vol ume% pogfsiritigl Iaffé“r%ndfthé %rogﬁrﬁ%@fdéboéﬁeb'\r\l'ltﬁ‘iﬁe DB@INAAE compasitel thjeti al
material to create the air is is an extension of a porous

di el ectri cpr°§9%'3rarﬁs&‘%’ﬂf@@’%ﬁ"%ﬁ)?@aﬂ'ﬁ@r%{r%t EHSORRRNBUONBOSIANS | whi ch

was devel on@fbrﬁapéamwuﬂﬁe@ﬂfr%& {RESatiiflci laybPatd e@.@%@ orbleOSG. A
sacrificial éer and the porogen co-deposited with the OSGin the

conposi t e ?%%9@ appiagERsimikHrdo fiedifel SMPlss AROrAUHRAPBINgARISE O¥Frer 8RBl | n

this mannema@ial EdresHYed of BRES. | |altm§aapr*aacmnel siaéﬁﬁ’c 5I(Péyeb%t&bvél|‘é% e i fici al
| ayer and to gener ate the porous second gr oach, simlar to t he

first, enpFyo eweaaghef&&mrﬁgr Pfawattsvm and ste1 e POEAGEN L IEEIAVER 10
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with a will selectively etch silicon versus SiO; or O8SG, such as XeF; or BrF;, which can diffuse
through the porous SiO, 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 GeQO,
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 is then
then exposed to water or other such polar solvent, which can diffuse through the porous
Si0; or OSG layer to remove the soluble inorganic material (i.e. GeO, or B,Oj3) leaving
avoid 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” should 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
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conposite | ayer either before or after patterning, and after the porogen is
removed t oggyidpdugaporous Si Q2 or OSG | ayer, the fabricated pieces is then
exposed to a gas which wll selectively etch silicon versus SiQ2 or GOSG
such as XeF2 or BrF3, which can diffuse through the porous SiQ2 or OSG

| ayer to renove the silicon structure below leaving a void. The third
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present invention. In the che caI or miul a vzﬂ@ (doll w and in all

chemical formulas thfo Blﬁg%"@"e't ety BRMdent | y* shoul d
be under sjoped] t ORﬁn(mR%)gnqu@ssRan@m ﬁﬁére'?{@ﬁrf@llﬂﬁ daf Uéthéﬁ@nMethﬂE,rtdent l'y
selected relatiye to other erscripts,

earing different su ut
al so i ndependent Py ! @eﬁr@d’iﬁﬁr@%ﬁ?ﬁgﬁm é'agwgarmq' 't”l?’a&ﬁﬁggdﬁﬁq'? (ﬂ?étla"y

speci es of the smuﬁuﬁﬁrmm ﬁéén@RaBm@eldd@pérﬂﬁntlerﬁmlbé lifear(dR2) 4-n, Si |
when n is 2 or the two or three RL groups need riot be identical to

each ot her or tobﬁf??cm‘fcbéﬂ?&']'ated RInghCROT R R unpiMEtesh cxdlie. BomalgaRAIRIKN  y H,

C to 4, IlnearfLmyﬂb@,ﬁma. ,s1$@glahgtne@1@|mgl y or multiply unsaturated,
cyclic, partially or f qu0|nae be i ndependently C, to C6,

| i near or branched, Sat p'l'ﬂﬁt?/yldrs ﬂ‘ﬁ"'tol’%q'?loxﬁ'?%at urated, cyclic,

aromatic, pmaey]al RY (OR? ;mlism:fml(@m gﬂﬁﬁh@ﬁé RhaﬂcﬁRgcdn%@lndepéﬁ@éHWH Ci to
di et hoxyrret hyl si | ane | met %e I met hoxysi | ane

R n( OR2) 3- nSi - O SRR aNGHedRatyaled. singly s %W'%‘L‘ﬁaﬁﬂéﬁﬁén@@ﬂ? Ipgrtiglly ¢, to
C4, linear or brangiefluormaicd’ RE 8Fd Rsbé‘rgbéflr@bpéﬂﬂefntlpbythO(,S%hé'éradred cyclic,
partially or fully fluorinated; R2 and can be | ndependently C, to Cc,
| i near or branched, saturated, smgly or multlply unsaturated, cyclic, aromatic; partially or
fully fluorinated, nis 1to 3and mis 1 to 3.
- Example: 1,2-dimethyl-1,1,2,2-tetraethoxydisilane
[0028] - R'(O(Q)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 Cg, linear or branched, saturated,
singly or multiply unsaturated, cyclic, aromatic, partially or fully flucrinated, n is
1t0 3.
- Example: dimethyldiacetoxysilane
[0029] - R',(O(O)CR%)4,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, partiatly or fully fluorinated; R* and R* can be
independently H, C, to Cs, linear or branched, saturated, singly or multiply
unsaturated, cyclic, aromatic, partially or fully fluorinated, nis 1 to 3and mis 1
to 3.
- Example: 1,3-dimethyl-1,3-diacetoxydisiloxane
[0030] - R'(QO{Q)CRY);.,Si-SIR+{O(O)CRa., where R and R®can be independently
H, C, to C,, linear or branched, saturated, singly or multiply unsaturated, cyclic,

6



branched, saturated, singly or multiply unsaturated, cyclic, aromatic,
partial ly gggodzl jgafluorinated, 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 n(OR2)3-nSi -Si RBmM(OR4)3_m
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 C6, linear or branched,

saturated, singl gatialiyad fuiyoiuorinated; Rt ateR? caryisd independentyt HeC, waCd, limddry or
fully fluorinate

di net hyl -
113 2! et r oot AT ARSreb anl ocmu Ry bsasiee b BR L ErRlE sl
i nflepelndent ly H, oﬁugy ﬂu&c‘(hl,ateldl Reaf toB an@h&lq][‘lecﬁr sat urat ed, shngl y or ]
mul ti ply unsaturated, | r u orinated; R2 can be
i ndependently H, C1 foc%’}i’ Fﬁéf 1e€fj "?Jeih% aﬁéﬁéatra%cg{ ‘i'tsgﬂ"e singly or
mul t1ply uEEStHr aREMO(EPR?},GSI-@SIRBIORY); panereaR! IndR® ¢anl bey/intibperdenty B, n

s 1to 3 Exampl g dimethyldlagetoysl 0029] . - .
R (O 0) OR2) 3. NP B G HERTY O s, SHUCPIERCo R 2 TR aEtep rEffondent |y

H C to C(éjl Iian:MalWortfumﬂﬁ_ lhml date&?Rﬂ?ﬁl];ﬁﬂlndéﬂJér@ieyitlpH Cutd Cpliear or
unsaturated, cyc|lic, rtja or fu uor i

aapandent |y 1+ biareod calted Shon o mlignly B CEEd cxfT. SRt At o

mul a i pl y3 unzat umy?donrcay@d iﬂfcalﬁlbéffﬁfepénddmwmatb hbyllm?ar;mﬂdﬂrandrieuprld nat Ied n
is to and mis t - iaceto i sil oxane
160301 - “Rin( of reses. BistiveoramifieR biatiiptich vilG: orpic Al ol e

i ndependent |y Hfiudshate?, &4s 1 td B@aad nois oadIched, saturated, singly or

mul tiply unsaturat ed, clic, 06902ZP USA partially or fully
fluorinated; R2 and R4€%ﬁ?"ﬂ’iei1n€’€5'?§?@éﬁﬁ%? "JP’fYIQ‘ZEth‘1 OXqM€hear  or
branched, pmBay at RY(O R ) ,SFSIRELOR.Y, whitse Rliaal & cart 16 irideperdeniiaH, c::,1

b h?'nLtyhyf” 1% &, dnesiiar B et deen anghy Smpiliol ursatuRatda, cycle P! ©

R n( X O CR2) 3. nSpar@alfyi &IalyORA}RateyWREEs IRlindaserfddntaR, betd Odapenrdent |y H,
branched, saturated, singly or multiply unsaturated, cyclic, aromatic, partially or
fully fluorinated and R*can be independently C, to Cs, linear or branched,
saturated, singly or multiply unsaturated, cyclic, aromatic, partially or fully
fluorinated, nis 1to3and mis 1to 3.

- Example: 1,2-dimethyl-1-acetoxy-2-ethoxydisilane
[0033] - R',(OR*),{O(0)CR*)4(n+pSi where R' can be independently H, C, to Cy, 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 flucrinated, and nis 1 to
3andpis 1to 3.
- Example: methylacetoxy-t-butoxysilane
[0034] - R',(OR%),(O{0)CR*)3.,.,8i-0-SiR%{O(0)CR®),(OR®)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 C to Cq, linear or branched, saturated, singly or multiply
unsaturated, cyclic, aromatic, partially or fully fluorinated, R* and R® can be
independently H, C, to Cs, linear or branched, saturated, singly or multiply



Cl to 4, linear or branched, saturated, singly or nultiply unsaturated,
cyclic, pgéddoabliys®r fully fI uorinated; R2 can be independently H C, to

Co, |i near or ranched, saturated, S|ngly or nmultiply unsaturated, cyclic,
aromatic, partially or fully fluorlnated R4 can be independently C, to
C5, 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 nehditibratedagpiio)afoatd, fp@nmdyatﬂuwﬂurwlnbwaﬁa]lsﬂoa mis 1to
R n(QOCR2)3_ nS| - Si tﬁ"E %3 m where Rl and can be independently H C,

to C4, linear or3iR &k aBurited, singly or mul tiply unsaturated,
cyclic, partlally or fEﬂahwéluerdlrﬁaﬂhﬂdx 318%0@myhe3 vietepadisirehey H C to

C6, linear sat urated, | i pl y ,unsat ur ated C|IC
aromat . 18951 o R QR HEIDISH Foah SR GO M Rekmtters, Ropad REn 62 C.

6, |inear or brmaéds@menufﬁtgqﬁi@QJ.n@arrmlbyar@hematuratbu ﬂﬂ@?buﬁﬂh@@r cycllc
aromatic, partially or f quorlnategpgn I S

Exanpl e: 1, 2-di n'é@qﬁ}tpratfda gﬁﬁﬂpllgpﬁwy rtqaé%JFi 0'%3@3] eln epend%anhy Ciy’

R1n( OR2) p( O O CRA&;, (iRedt opbraMere® sBhurswas, smgi admpmagamrshwrdtbd Glclic 04

| i near or branched, saturated, singl unsat u a
partially or ful P‘S?mqt'PdEﬁq'ﬂldtoé&J YIﬂEOE'gﬁﬁe% é&eﬁﬁwpﬁn Yg' @E'SYO $ near

or branched, sat Irﬂe%ﬁ'@ﬁ'branéhé’!ﬂ|s¥tuﬂited!“5:ﬁglgpbb’mUIﬂlSI?ﬁMéﬁhﬁt’ed f@:y@icl Qr,orr@tt@mit ic,
partially or fully fluorinated and can be | nde enden

| i near or branchegtialygrfvlltfigrinated g 35 10“103 st 913 dﬁ%é@é@gf’@ds %9/%1 ic,

aromatic, partially or EMHpYeHQQfmét%S/leﬂz-dﬁ%@tdinSZ dicttRxydisipg p is 1 to 3.
- Exanpl e: et hyl acet oxy-t-b f\,/Sl | ane

R1" ( OR2) p(&“@?@ﬂ@'%llsﬁﬂ%oéimﬁ(w'@))(@ﬁﬁ 5@@#@)9&95 GeieranRe and R3 can

be i ndependent | yindepdndehfly @401 td Oﬁﬂﬁeé}rorlbfé}‘ﬁﬁé@%attﬁéfeﬁrﬁhgﬁ or ﬁiuRglyy or
multiply wunsaturated, cyclic, ally or fully fluorinated

can be i ndependdiatyated. FXP"@G’artFal”Mé’éFU"&SF'”Wﬂ%‘?ﬁaé‘ﬂd xéﬁ@b‘i’%\?’éﬁ'"te&ehﬁPV or
mul tiply unsatupagsgd, cycli c arorratl c partially or fully fluorinated, R4

and R5 can be independent] | i near or branched, saturated,
singly or nultipFyamplegodh3 7-ﬁg¢amethylcyclotetrasuoxane 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 substrate. 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 levels 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 odbgopiigsAd to 3 and q is 1 to 3. - Exanple:

1, 3-dinmet hyl -1, 3-di acet oxy-1, 3-di et hoxydi si | oxane [ 0035] -

RIN(OR2) P(O(O)CR4)3 n_pSi-SIR 3m O CR5) q(OR6) 3_nmy where RL and R3 can be
i ndependently H Cl to C4, linear or branched, saturated, singly or
multiply wunsaturated, cyclic, partially or fully fluorinated; R2, R6 can
be i ndependent | yFIBET EMBOGJMENmea)R@ANmamlhEcsAewmmLMATsmmgsy or

i, 5 CantOba0] mABEraERp S = BBl goaRFinide o gtadahe 18 sPReSy

singly or By1|u"sing|tl91e @ $eistl bAé edmecrygémc prevuestn tidrcdepopiioh mlbb;h the daatifioral
quorlnated rh:éftoltos m i

Bl or - EbeTRHERRyPS a8 asmdrianoly SamBotiRdtyreirheSnnale PPEMSE Tyl | ¢
si | oxanes glfows!Ter & gravidm td @bﬁltmbme whiacee Bcaane trlas'sammmeursondepeodent |y
Unsat ur at el GRTE Brecyesdr T Se TR et fi e t gt pofiabn peecyfspr

i nteger fr e PERCYD &océ@é%ﬁh' @éruri;rf&ueﬁly Tsirgt justmibe hatl ieyst | aplecdryasit | ppecunsor

Che S o ofolowsd BusBeieranadauphat teastors o8 HERRSOT s Sapmises fadins 37 "
di -terti ar ydisresy detvititd, the sh@fiieial Ay&i draintAe pBious layer. US Patent Nos. 6, 583 048

i rected 1979 heeso B4 A% 0. 5ef 370 ad h odp alh JEBT et T sigpiis Sqme

plurality efenifiagicyDrdthdiRithadfiakbewsed 1 foe ikl erganssilicate flimlf itteepresent
industry to be used as a sacrificial layer in the fabrication of a void

space. Thi &V¢HP8r is particularly useful in the fabrication of air gap
struct ur es[ooa1} heviwibet B@h@@oﬁﬁ@lt@smemuﬁbrnaturamf therorgatit easdurgbr sk Uet ur es

or fabricati n I.d spaces in nanot ech oI o fabr atl

Seni conduct@® g:g’ﬁm thet RArogen, N 89'@‘38?' a\drag, 5?9?'&6? L%@%@]Bﬁ?ﬁ?'ﬂed
therei n angegieblrogtritieds. f%md?garﬁ@rﬂ?e@ﬁﬁnrd@@wdl be &bRetc b8 - ddivereddnto the
enbodi nent, the ne or nore a aps are farmed within at ortlon
of the spaﬁaﬁfbo’béfq'ﬁﬁ@ﬁr ”b&ﬁ?ﬂlﬂﬁs?(?gs PR s INRr&TRfen tas| 3?/%535% é'l?g t?'?a?r@ Nhe

t erm " condp@tinédr hawes m a%,@ram@dapdwr@gmre ée{e&iﬁ&?amfﬁﬁe@faﬁd YC op migeé.allt &i nes,
traces, wire, interconnect |ines, ﬂpagégat S,

provi de si a?ﬁéﬂabﬁa‘f‘ﬁkthﬁo?rgé@ﬁﬂ?%@s% 3G rimdng F?ﬁ“%&ggtsbggérﬁg%ﬁgéhr? £ y
Wi t hi n t hefopb S natefial Whkh ol HotlhEve & sigafilany vasor| prédserd at fewgdratbesl gvel s
and is 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

g



conpatible with Single or Dual Damascene processing. In certain

enbodi ment ggggoepqhggtric layer may be a solid material or alternatively may
be porous ané)/2 contain voids, cavities or air-gaps. 8 06902ZP USA FI RST
EVBODI MENT: ORGANI C LABI LE SACRI FI CI AL MATERI ALS [0040] In this enbodi ment

a sacrificial organic layer is used to create the void space. By using the
at | east one same organic precursor for deposition of both the sacrificial

| ayer and fa@jcaltSA tl@éfgés Bﬁééwerhls chéh%ecwmmmﬁ@erlay@utraﬁraﬂ.c@lsawnplrer@se
PDEMSTM | ayer it for a gradient to be built into the d

Because t hBedgpesiion ellicienry.jas tng slepggition |sebelipyrehiosbs, Pasas Qb e r&PC‘ﬂCH@ of
sacrifici ahgjtRYRIdidRd the as the organic porogen precursor the PECVD
process can be run initially using just the at |east qne organic &recursor

fol I owed bipoAbw hyyfollawingdre P%rﬂrél'l“'q%?ﬂ gxamples o ratgsiels s tabledar use SARPRES

gr adi ent cg,@curggrsqurtﬁgeﬂvgqfoﬁeen the sacrificial |ayer and the porous |ayer.
US Pat ent Nos. 583,048 and 6, 846, 515, 6,054, 206, 6, 054, 379 6 171, 945,

and WO 99/ #9458 ﬂJ)rGW"Géygfﬂ?érboé‘ﬁ@ﬁﬁl%@?‘@@om'%&dg%ﬂmrer?ay e ThsWefeo

formthe omhganasier bFéérBorf'né inﬁh@Eyél.B%traeﬁsee@tbetwwah@ﬂo ArR0AAdre \hdrb aah
bei ng bound by theor%/ the nature of the organic ﬁ)éeecursor used to deposit
#

both t he pd? 8ghHalityot Herlerfhsanched Ih&?f’@Pa"Qﬁﬂs gubstifdeds anipithe eYClE siygide- has

certain desirapksn@bé rricmdbeéyclomﬂar@ qani ?nrﬁlétﬁﬁwwexﬁﬁ@lﬂ-ﬂefh?kﬂ?i-e to be
delivered into the reaction ‘chanber in the %aseous therefore it is

desirabl e that Msthyistydisydohexape.mysopcng<met H'E!@Qﬁ%ee por pressure at

t enper at ur Rd4eyf Qﬂ_|ﬁéé?ror 'Epérﬁ:hedi tsahﬁategeﬁhél?g} ﬁuth?@turisaﬁwélé&ﬂ?r!r@cé}b@ﬁéﬂ sor
shoul d react in the chanber in suc orns a nmaterial which

does not hehtBe gererghiofmidla fn Hvapm”ﬂﬁ’éé‘sv%e@@’l%ﬂﬂ%?é(ﬁﬁ 28 of 100 C or

nore, nore prefegahhes 'ﬂcldo% @ﬁﬁern@bbl%pylléﬁé sy iaey, %@ﬁefa‘?@cﬂ Asuthsme, a
material which does not have an appreci abl e vapor ssure above 200 C.

[0042] TheZmfimér!, Q)PUtélé'Qﬁééc"@meIhﬂaﬁ IreHiedisne; Wbéhtu P18 819l ecul e are
defined asppoigfte 91Jr§h§|§/ o?fan-HI)IurFélaﬁJrQ@B c|%fhyhhﬁam6ﬁ§%f tl'féfgernbfkgfo'?ﬁijléc'[ ures

in the nDIecuIe e doub ond“or a sinp ring structure in a
nol ecul e i Snldme Whege &és He "W]ﬁ@é?ﬁlﬂ'ﬁal’%ﬁteﬁmtﬁ%méh? m%cé"%ﬁ orl4awBerghl e

bond in a feRniter UELdthEnd if tﬁé"&cﬂ@gfrﬁ‘&ére% betWé%ﬁTﬁfLHr\%t‘ld)Bnd Wﬂ@re%@?éedanOf
degrees of unsaturation in ani c precursor wll affect
be a plurality of simple or branche hydrocarbons substituted onto the cyclic structure.
The unsaturation can be iocated inside endocyclic or on one of the hydrocarbon
substituents to the cyclic structure.
Examples include, cyclooctene, 1,5-cyclooctadiene, cyclohexene, vinyl-
cyclohexane, dimethyicyciohexene, alpha-terpinene, pinene, limonene,
vinyl-cyclohexene, etc.
[0048] 4) Bicyclic hydrocarbons of the general formula CrHz,.; 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 C,Hazn.2+2¢
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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the deposition reaction, with higher nunber of degrees of unsaturation
general |y oss#ptiysg in higher deposition rates. Wthout being |imted by
theory, however, it is generally observed that materials deposited from
organi c precursors with higher degrees of unsaturation are nore difficult
to renmove conpletely, therefore a balance nust be found between deposition
and renoval. [0043] In sone cases, it may be favorable to have a

het er o- at om (e. Examplﬁgemciud@i tcafpasne, 0O horidriane) horbbimadienk e cisEthyliddnecy may
enhance depositi on the porogen or sacrificial material. It is believed
that in a E?%QFP& N&ff-ronment, the hetero-atomw |l increase the electron

capture crpous0pee} Tmyclicamdjrbdswsonsi dithecgereerhlfermuantie,, o vherut =al — 18, 06902ZP

USA radi cal t he se. s .in S

i cal's. wATPTe e AOEBRT OfSAEEas b 1a BTGRP e et B, SR WRER | o

bel i eved t thebecdrabed pluralithef slmlbt()rcm@ncmfed hpeérotambns adbstialted oftd @siycitie

fol | ow ng re non-limting exanples of materials suitable for use as

organic ors of the invention: [0045] 1) Cyclic hydrocarbons of the

PENyTe

gener al for mul a ExéAplesiliRleradantantank4, where the nunber of carbons in the

cyclic str 4 and 10, and where there uralit

of s mpi e s} oAb Rudorgaen sivais <2l el BB Gpups ang Fid o

Exanpl es i nrd dishe ralwﬁiu@wegfﬁmgmgz(@%Wrrer@ar:ﬂmlzpa(md Wh@néad"ieihelnumtbéndf 4-(1-

met hyl et hyI cI ohe cl ooct ?{ﬁ‘:% ane etc. b% 46] 2)

Li near 6'H@%Im HF%F%'@@”"S‘? G‘X?GB |5\5‘P>)” ﬁ%gfﬁﬁhﬁtngﬁ‘ {8 ocar bons

g( thfe genaﬁ:f?dtur%wdﬂ%dﬁalsQ\fﬂé%lt\'béth_el?and/\f@&fe&m:bnro and n,?éhdamsbh refzds memmt%ra_ n.
anmpl es inclu e ene ene,. ac neghexane adi ene,

2- rrenPhyI éaﬁ‘gloéafoé’ﬁé n %ESCOEWHE%/ n 'S%eg\fﬁgé{' {%%4 asqﬁiﬁéﬁ "B e%lc?n znes etc.

][0047} 3) Cﬁlrmbnen@/rcamﬂetew ﬁnﬂﬂﬁéﬁdﬂo@éli%d Emﬁipies bm?ﬁgqnda?msopi =, ke1)gener al
ormula C- ed si

t
nol ecul e, Hggleﬁeglyfgl “\/\/ﬁe’fb yf(ﬂé %ﬁ‘ﬁé?""i\(" a?‘b r'Ys i fi ph‘é""@ 1'l‘:'lf?olz(fe‘?ﬁ’cture

i s betweenx4t,ard, 15), ABthenb@ere-5aedi6 (26 x=Dey=p, pkRY, atdsb(nef, 1P+ F zen),
branched h drocarbon subs |t ted onto the cyclic structure. The

unsat ur at i 8Ad Eeasﬁ"%?é) el ¥RsFoe @fidocyclic or on one of the hydrocarbon
substit uen 005t2i) tSE]Hygl%gérlbgn %%ru&ﬁltegrc%ntalnmg one or more ether groups and having the
general formula CyHzn+z.212/0, 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) (n=10, x=2, y=0, z=1), etc.

[0053] 9) Hydrocarbon structures containing one or more epoxide groups and having
the general formula CnHan+z-2:2-2:0; 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-methylbutane (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), 9-oxabicyclo[6.1.0]non-4-ene (n=8, x=1, y=1, z=1), etc.

[0054] 10) Hydrocarbon structures containing one or more aldehyde groups and
having the general formula C,Hzn.2-2v.24-2,0, where n=1-12, and where x is the number of
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Exanpl es include, cyclooctene, 1,5-cyclooctadi ene, cycl ohexene, vinyl-

cycl ohexanggggbApahgx! cycl ohexene, al pha-terpi nene, pinene, |inonene,

Vi nyl - cycloﬁexene etc. [0048] 4) Bicyclic hydrocarbons of the general
formula C, H2n-2 where n 4 - 14, where the nunber of carbons in the
bicyclic structure is betmeen 4 and 12, and where there can be a plurality
of sinple or branched hydrocarbons substituted onto the cyclic structure.

I[Eégzrg)i e;)l B llltlv,'@'iﬂ smpthb@ErG@m%adr&gs b@tvwéhméj d%ﬂ%@p?ﬂuﬂhﬁh&h&neof etfc |
i unsat ur at e iC ro ons_of, the ornmul a
CnH2n- (2+2%5‘53t9\5g‘§/deb‘39 ds dn theest rHEWff'egn‘{)'lsch?ngrﬁ'\ﬁa? B Adherp g ?ﬁ] ﬁ’@rfbecul e, n
= 4 - 14, whgasnyde]yrolipsThehe stfuchiae BABss bébﬂééreﬂandmlﬁxam;ﬂesucture i s between
4 and 12, and where there can lltié‘gf si npl e or branched

e
hydr ocar bok¥cepeianecarRaxalishy'e &‘ésc’&cl YelFru&Gre. The unsaturation can
be | ocated_inside en on one, of the h droca n ubst ts to
the cyclicl@Plct qu'?éa g%@étéwrﬁgﬁoﬁﬁ% e r{e(?rﬁ&g 05'3,95?@% andn'@r‘l@@r nene,
nor bor nadi megen‘érﬂdsrmmaiemng 3 29909%9@0&1@12; anb Qﬂh‘é@e} x &) thénucwet ofcyclic
hydr ocar bons of the genera or mul a

nunber of EBFHHHRe sHUGtwE and;ig 9%‘1"‘1‘3@”9@"@0‘{] &g V‘f”?%&%@% ﬁ'uﬁ%ﬁ'ﬁﬂf Lf'fa{uﬁ[ﬁgv\her e
there can Bends iAlthe atrbdtire@ndSd Bélbv@e@lo d@.aangh@dmbw& Rahe homdeseflztdehyde ed

Pyl ocar bo PP i SSC e W ORGHeAT | 850 Al HhATBIE RGP Bt ASCRITA LGP ng

t he generalexéﬁda\ldr%n@bcﬂd% +2xatpl8y:-%4- %ﬂaﬁe\dﬁﬁéanFk'QZy tare2phere xis the
nunber clicri nﬁs in the strﬁcturﬁ)’] Q}S bet 4, and where

yis the n& RREMtANONGARTR. o At BiP: BE N EeP Pu’é‘f 61%&‘%% ‘bet ween 0 and

, d wh hol d i
Dot oo 1fages’ T2k VamerBon sEodEsan RN otE e A S puB nd o

endocycl i ¢ halixg @&eréﬁ@ﬁﬂmt Nz@d‘?&xzy&&memréﬁi') -12, aidyheras igthecol (n 2,

=0, y=0, z=2), h | (n= =
y=0. Y=1y  hambengletaroinsan etk and ishesveqty Sndoghd iReref S e, Ly,

y=3, z=1), 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 carboxyiic acid
groups and in which the acid functionality is dehydrated to form a cyclic anhydride group
where the structures have the general formula CHansz.2x-2y-6:{Qa), 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
CrHans2.20.2y-2(O2), 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.

[0059] 15) 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 C,Hzns2-2x-2y-2:(02), where n=1-12, and
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and resorcinol (n=6, x=1, y=3, z=2), etc. [0052] 8) Hydrocarbon structures
cont ai ni ngpgMR 7 ygRre ether groups and having the general fornula
CnH2n+2- 2x- 2yOz where n=1-12, and where x is the nunber of cyclic rings in
the structure and is between O and 4, and where y is the nunber of
unsaturated bonds in the structure and is between O and n, and where z is
the nunber of ether Ilinkages in the structure and is between 1 and 4, and

where the ghéerx ik itikagalérof epdichipgs wme s&ndbfyar&nd@emenco aﬂarmidemere
di et hyl et her | - tetrahyd ran

Ve, ity 'y 5 the Bt o unbaharad baas e Shudurp Snt et el bR i

e': her E Bogand(vgﬁere)eﬁ?eas?-&%he uﬁfét&@%éﬂ lﬁdﬂd@@r?/ porligatéd ®itR th@@a@’bonyFQr,ouP?i)

et c. ocar ban structures contai nj e or nor.e. epoxide

O oups. and RIS WESTB 18 118 Pgheta e siskeo e SHUadiaAT e g a1 12, and
where Xxi s Emn@gg’l&ﬁy[méth@}ggldtétgndsl RES yEM, 241, @¢ructure and is between 0 and
4, and where y is the nunber of unsaturated bonds in the structure and is

between O pogop ,1@)nqyd4\6@r@oristnﬁ:tarb§cdsma’hm@ teth epexantta c@ib@ugasundﬁohme
structure and 1S CI?etwee 1 and 4 %EI ere tg@ X|de rqu&s n. be
attached t 8 HPEL naving Hig ggnetal fqrpwla Cotlsprp py-2e n‘g? ewheren= where
1, (2) epoiy @1§£Rfehidnﬁb§r%ﬂ©s/dlﬁﬁﬁgs it stricilre afd I8 betivedn @Y, anBevhenex (sn=5,
X= Yy onexene

9- oxabi cyc(’"& %‘”P‘%PJEWBH“ "ﬁg%(’ﬁg%'“ tBaff“‘%}“rf a@Jiget‘”@F{? Y ?%@dﬂﬁer‘e y

Hydr ocar boi thé hmberr:ﬁ%amylagraumn@rm@smctmrrewﬁicﬁleﬂfe/d@bgmg&mpaﬁd behaxl ng
is the

t he genera fornul n+2-2x- 2 ere n= re X

nurmber of {% dg@@npg}/k}qr%@és%h NHUFDEE f ‘ﬂ%?ﬁﬂ’%“%ﬁ*n'ﬂ? hesthitvieen o
and 4, andawwiemeom laﬁd mr@m&wer@froum%@h%aérﬂchadSescdty&ﬂte Béfipidsir € and
S betmeen and gre z |s th nber of al dehyde groups in the

structure BxW%etB%‘irW@M”I TP =1 E35<'ar’r51_' etc. oycl opent anecar boxal dehyde

n=5, x=1, etc. 0055 11 rbon st ctur ont ai ni ng one
O oor s wolBRL o Bl SidiborhSinres AantE RerRan cBrr AL Alceiia fpsiotd Siptphg,

where n=1-3%d havil wéegreaepa| ﬁorﬂhhl% m,wgp?{wzpj(om@pd))zwr\efe REE 12 Maridhighesé wust ur e
and i s betl\el/g 5%(? wher e he numb of unsaturat ed Ronds in

the struct re Cy(?’é‘f ﬂ%%%'”éh%ﬁ@%”reé‘ﬁﬂ W@eﬁ Olagdttlh@nqilw,l?ggerx Sthey dehyde
groups in flrAb&HT URbALLREEbdS iP Slevieptute aﬁwzs%enaé% ohRd B, diewkergne

group(s) can be P and/ or endocycli c. | es: 3. 4- hexanedi one (n=6,
x=0, y=0 %ezy.imber of alcohol groups in the structure, and here 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 CnHansz-2u-2v-w-2y-3{ OH)W{ 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 CrHanez-2c24-2(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



cycl opent anone (n=5, x=1, y=0, z=1), nesityloxide (n=6, x=0, y=1, z=1),

etc. [0056}gghs gPWﬁg&ocarbon structures containing one or nore carboxyllc
acid groups an aving the general fornula CnH2n+2-2x-2y-3z(0O0H) z where
n=1-12, and where xis the nunber of cyclic rings in the structure and is
betmeen 0 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 carboxylic

aci d gr oupsurhbertdl @nsatlrgddbshda sl tHeSstheture and it btleeh 0 afk agmdstere z is

cycl opent anecar hoxyl i c, aci d =1, x=0, z=1), etc

Hydr ocar boWeé‘cUFﬁ’@f \B/fr%@'”&ﬂ‘i?‘éﬂ il ﬁ?? éﬁ‘ As ﬁﬂ‘iﬁlﬁet\ﬂ?e%éﬁhgg rlq:wg%redhe gr oups
and in whi ghinelféncliohslity bare bé eR| dridiboriende@/aliclr Btables c?z@lbﬁér&ylén‘m'ld @=5
anhydri de group mhere the structures have the general formula

CnH2n+2- 2x33Y Yed(#d): eGher e n=1-12, and where X is the nunber of cyclic

rings in-t re and i s betmeen 0 A and where i S the nunber
ot o st ur DEAT LR doliies Srithires et Rseios L e Ho AR A TS S URnoL ¢ 2

lslthe nUHﬁ?h?fnﬂhb?@hé@fMQh@,Hzﬂg Z(Nll-r)»gwées-aﬂri aﬁcé ﬂvh@fe ¥is tixanpl es:
mal el ¢ an r| ae C rocar pon
structuresx b Ry g r‘é’ﬁs&w&ﬁtrb]?@[ﬁ)‘)’% 1E‘"’Itli’ M‘F’I@” ?l'!éjré gr\dlc}%ﬁﬁ?é('sg

CnH2n+2- Z?n@ﬁb&fc(fm%a?cuiﬂf@i gonaﬁ.l% &% st@&ﬁjré\lﬁﬁ% B b@t\ﬁeédﬁ'l@\/ﬁﬁdl Ab&nid @lﬁ?rexzq!a i ;:Tb
rrngs In e struciture an 'S et ween an n e n er
et ur BeuMGh GLSecRnag Harang gouas i tha campALad Snele B fvebny 2 et o
bonds are wRgeUsabRfheYuh&iohBRty caRbb @Ry arﬁﬂ&tﬂhd@éydh@eEﬁ@hslés and where z is
t he nunber of an%drlde rou s in the. structure

etc. [0059fiSeBYOPHRINGEFBoXT ﬁ/r@r&d?é@%@ﬁlﬁa{ﬂnﬁi@ %Er b Qt’ré‘?“f (J"Eét*‘&nal ity
consi sti ngy<g zam, egster group and at |east one unsaturated bond that is
conj ugat ed with the car bonyl of the ester group, and having the general

fornul a Cnjddesp- 2¥- @dr@ddr&ﬁistrméec@ﬁénﬂaa,onarw m&&t&ﬁ&%ﬁ%é@euwam X is

t he nunber  of c I|c ri e structure an and
wher 6o eingithg gl Bmuia Lo u- KorHETE RTTZ. 304 Woekrds MR EbE oot o

than or eqgral clﬁdJrlnbs in SHEdstiMeelre aAd id Rawberpb ahti @, mﬁherreqhg%domﬁ&rafe
conj ugat ed vmth t he car bonéé{r&«;tgr p of .the ester, where z i s the nunber

of ester gYb@g¥aieq bopes tytp eang is betwegp Gand Wgﬂ{r@ée z is the number
et hyl met ha@frtﬁr'tlaﬁy&arhme@rodfas(?n thecbmpothds afd & bdhOED] aAS Y, SRsathon

structures contai nij ng both ether and a car boné/ funct i opal
amine functionality can be exo- and/or endocyclic. Examples: triethylamine (n=6, x=0,
y=0, z=1), N-methylpyrrolidine (n=5, 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 C,Hzpsz.2¢.292{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 CrHzn+z-2u-2v-w-2x-ay2{ 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



groups and having the general fornmula C H2, +2-2w 2x-2y(Ovy(O z where
n=1-12, anggampepa gV i s 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 ketones and/or
al dehydes, and where z is the nunber of ether groups in the structure and

iE>S< 1 f)r 2, a|adstﬁ>mh@fb€ﬂmmé gf?bmc@]rmwosgna/animc@?mom?ipﬂesog (MOC%% i (1:7)
anpl es et hoxymet hacrol ein (n=6, w=0, x=I =1, z= et c

Hydr ocar boﬂ“@??hhglam'é@e%‘aﬂ?ia(f‘ n‘;'h’g %bﬁ'\t,}i "Ye"‘t%é‘rt% 84 1§’d€{'(5'i'e"fnﬁ HEHFL%QRQF gr oups
and havi ng(n=Beugereo ah=0, =02, gati2ete2- 2w 2x-y(OH) y(O), where n=1-12, and
where wis the nunber of cyclic rings in the structure and is bet ween O

andb4 and[ogbsr €24 H;&dr@dfwm%omma{re@ﬁaw#@a@turaaimiadamaldshdlmrtdnenatgm;peu[] e and
() et ween an n ere () t he n tne
st ruct ur e, N3P R geger ?T ofmpiaCr - “t?f@!’émf N@K @p@mhw{] é0fe and
:58( 1 f)r 2, vgﬁérédmﬁﬁfntﬁdﬁ@er@éh??llcgmgﬂﬂﬂflh so'aaukbeamd@emdc?noo md4eaﬁd0:yltér?c.
anpl es: - ro e ro et cC on Sstructures
o ot g SIS BB e Mekurey bis i stibits end B paeet0 i o
Iﬁl | owi ng \llvh?"ew@tﬁ@hqhbel?éfhﬁllmarﬁa irytbupsRas thariumber btsedndagehikavi ng
e enera or -
S5 aerou s the hustar o eriisk amiie %'%HP?%‘ e S TSR S |

bet ween 0 madwuﬁwbeaaﬁem&egreuws llni'(hé b@npcﬁ\mmﬁfd |@Eemﬂt1wr&iﬁfbnb®ﬂﬁ$e the t he
d i s between he nunber of al cohol

structure atﬁ I3

groups in ¢ EV%QWQI&%PEQMS CE"PEtG%Ee"f‘P faFrMOQYC ISNEFARIEE x is the nunber
of ether oleaapgrofurfuifansiné (5101 a”d, ws1beiywesr £1prec.4 and where the et her
group(s) can be endocyclic or exocyclic, and where y is the nunber of

car Eony: g[ooesp 2$)n?);tdn@casmmtuuw§§ndnm?gdsmtammaﬁu eartiodyl ifunc«ihhaﬂgrctdpe "
car pony grou e t ones n or a e ere Z I u er
of car boxyl?ﬁ%@?&ea?’@ﬁg’émrﬂﬁq %wm-wznﬁgn@"ﬁ :‘R@é 0063]
19) Hydr ocehéren |§1trﬁélﬁtﬁrﬁbéi’50f@?@h&in sngth@%&u&Urd@f@lstéWn)Oﬁmmﬁar@rmé and
NH2) z ere n=1- and ere Xis

havi ng t he eral for
the | munbe RORS BUEPPEST guatad bRt gt ol Add s oneeralang adaa.  and
where y i swhére vl@ tR& B0RABEr MPAnmBRInedrousts RligihatrRehtee BflisedoRdaiyainsite uct ur e
and is between O rh n, and _where z is
groups, y 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. 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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t he nunber of am ne groups in the conpounds and is between 1 and 4, and
where the gataay gactional ity can be exo- and/or endocyclic. Exanples:

cycl opentyl am ne (n=5, x=1, y=0, z=1), etc. [0064] 20) Hydrocarbon
structures containing one or nore secondary am ne groups and having the
general fornula CnH2n+2-2x-2y-2z(NH)i where n=1-12, and where xis the
nunber of cyclic rings in the structure and is between 0 and 4, and where y
i's the nuphétbredist bnBRharicInginbeackser] or ﬁdseuwxralnﬂ(qetetemmgg dependingof and

n, and where z is .th r . of secondar in the conpounds

CnaT's bot medpeiCainn 10 dheriniire Bt e fertirorks elhed AvEe o,

and/ or dende@n/bé by for@kaﬁipleeRIE oerWét%tumr gwdt & pattefmis Grangfefred yafd, the=1) , 0065

pi peri di ne zZ= e tc

21) Hydr ocﬁﬁS ﬁ'agéﬁfcqyfoé@f’l%'ﬂ & %#gasbﬁé’ hr%‘?é":t@tp'ﬁz?%}) ﬁ‘f‘f“ﬁg’ groups and

havi ng mt:) heagﬁma@oluéw Gm{j@eé]ﬂtlﬁéretcﬂrr&kawﬁmkh&sa offties ﬁattaﬂ{réﬂsfelanngtevmler edX| S

t he nunber cycli s Nt ru ture a I s hetween 0 and 4, an

where y is! teheh?lté ﬁ Lﬁwéﬁlﬂ& ﬁd'gaqeﬁgltqﬁagvgﬁ}el}a gf’@sﬁr‘ﬁj i s between

0 and n, aa@lnwbwpretndv&dtab%eﬂsaﬁamé[al |@vjert;§bémglretchamtmﬂugmagme need fbean

corrpounds an%l I S betv\@en 1 ant | \ng% ” am rl&?fg_' ncti or alll

exo- and/ oPSTHRGBEPMich may 5697 B@Y"E‘P?g F%ﬁ‘ﬁ'ﬁ'@ BYRte ATgLEe sagtipia

N- gzt hylt pyrsr;sawememea (cawégsneqéyebrﬁ%a»@)‘",ls Neﬁﬁfeb?i;lté)drdvef the(toFof tms-l yt 2,

z= etc rocar ures containing one or nore nitro

gr oups andfe{?g‘{f?%gp?ﬁ‘aev F%%ﬁ@?"&” '”depré_ﬂEaFt' RS Hesame -?%N@?Pﬁge\m%re n=1- 12,

and where xigguisheas wabebe®fo dapobit the dachfisialildyer Bus énidigihy tiee &ty bstheet ween O
Y

and 4, and wh i s the nunber nsat ur bonds 1 n the s ture and
0 ot vaansEARG! Hyerihte i Biporous SRR el tha pPigen dnd as o e
conpounds aMehﬁ)vb@by\@ﬁvloﬂa Alsbér ofadchniies Ethk Geral Athdating tdchnighé tsy can  be
exo- and/ or ﬂo%}llls_< A Exarrpl es: nitrocycl opentane (n=5, x=1, y=0, z=1),
mtrobenzeﬂ%sc( N RIG3Hy, z=1), etc. [0067] 23) Hydrocarbon structures

havi ng bot fpogm ner@u@@be@tné}@offtwmmscw@b nizRURY byfewmrﬂ@détbﬁnig@mweuftﬁé mul a
CnH2n+2- 2u- 2v- W 2x- 3

uis
t he nunberS%r'f'E?b?rﬂex'F|%§r' 'Watsﬁ\@' fl\‘gfﬂ%%elqrtBFO&HBthesp%@E'?/\é@ﬁi '6V%{n\c,¥1§ g%‘a

where v Ishéubsethetsmbh@tbgwf»ﬁabﬂéﬁh@ﬁné}@ﬁdéanh@ td Fé?ncﬁferthé'&;ﬂérﬁlcﬁmﬁatéﬁabet ween
0 and n, apd , where rlmarly am ne groups, X is the

number of ?@glﬁg@gh@d\gmnﬁglshm the porous %S networ|

can be

SECOND EMBODIMENT:
SACRIFICIAL MATERIALS OF SELECTIVELY ETCHED SILICON
[0072] Itis 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 pTAS 2002
Symposium, 6th, Nara, Japan, Nov. 3-7, 2002 (2002), 2 934-936 The etch selectivity
resulis from the increased chemical reactivity of single crystal- poly- or amorphous-
silicon with the XeF,, BrfF; 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 SiQ; 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
16



groups, y is the nunber of tertiary am ne groups, and where l<wx+y<4, and
where z isgpgddierpygRer of al cohol groups in the conpound and is between 1
and 4, and where the 14 06902ZP USA al cohol and/or am ne groups can be exo-
and/ or endocyclic. Exanples: 2-(2- am noethyl am no)ethanol (n=4, u=0, v=0,
w=1l, x=1, y=0, z=1), N-nethyl norpholine (n=5, u=l, v=0, w=0, x=0, y=1,
z=1), etc. [0068] 24) Hydrocarbon structures having both am ne and al cohol
functi onal agbgHess-siiash WIhd®adng®s aperi BieBtudture and etch the underlylng layer

ﬂ?zﬂﬁﬁbifaﬂnﬁﬁxﬁ%ﬁ e e VA emiastidot faiena A TR e o A g

where Vv i sulaédrﬂawrﬂaarbeqtemnl@@wh@n eeving islepera bBBwal foradiffusionasidne stchet ween
0 and n, and where wis the nunber of primary am ne groups, X is the
nunber of §8tondary amine groups, y is the number of tertiary am ne

groups, anfbﬂmwExénglé/ﬂdr}fﬁémb@rl%emrtﬁisledhﬁolo@h%r&ﬁf’ﬁﬁho@ﬁfﬁfb@fs |grOUDS in

the conmpound and . is between 1 and 4, and where the, ether and/or

groups canSHBICERdCtaRRIacivinge jremation E‘xt‘alﬂ'i‘ﬁ'%gjr the dgliver\Ri085%% ‘Frdpwdém ne

ﬁ, n=5, ublt Ldf eQamwéJford oseln dYugOdether;j)by rﬁ'bﬁ‘ocab@Qﬁ?ﬂabﬁﬁétnoh‘}’@i’ff?ﬁméb@*ma&bh @et ures
avi ng both am ne and car rou av e

formul a CnRoRlSw E‘EFEZWW&‘L@?'%%;{'QEPKF&‘) R@W% E@?Q‘ yﬂ%alﬁ'mi t‘ggu'ﬁ%nd wher e

u is the nuiiple |g%er§>m:bmué ISROSor pord R0 S Grdmatsilicen 8Bfbré thellicoR &rethovad 4,
and where Vv is unsat urated bonds in the structure and is

bet ween 0 Qllﬂfvsrfor E‘ﬁdﬂb"\ﬁhﬁf féb'i%t'ﬁg {reaRnAstng Byers it miFrpcapiiafes whishgeuldy i s

t he nunber intdrastas ame@ingr SiMilALto HE WAy in d Midrdhig) eabsdialyfiot sHehligtfyorpan ne
groups, and where 1 <w+x+y<4, and where z is the nunber of carbonyl groups

in the corrﬁ"(‘jﬁﬂd and is between 1 and 4, and where the carbonyl groups can

be al dehydgfoys] arfis QA I%ﬁb@é‘% %kemFFé%z Hﬁlﬁ\ﬁ/@y fo'ﬂﬁwéﬁ%ﬁhéll@h' of 3B BV thisaibdtRs
groups can be exo- and/or endocyc N, N- di et hyl for mam de (n=5,

u=0, v=0, ﬂﬁwco&wéfer&':-@ 4&)4&)herma%@@%chlm%sy%@#elﬁet tordemn a jpyer ol 8if2  w=0,

x=0, y=1, which)is ndtcdBAM )% Bhvaht tth@I@Bﬁ/e(fmroﬁne Hﬁ:ﬁrng?a&fro\“ﬁﬁéacﬁhgowath’ﬁ‘é z=1),
etc. [0070] Thi s techn|(|c__1ue s illustrated in H and Exanple 4 with

regard to BldsgRgrvaienitselfi(F|@4Bh iferonssiligondinggriaxer b esegdrtbisstands @8hosi t bot h

the sacrif hededbatyayRito #HMISidI |apé}rd?96@ sh|r¢oh I&ﬁn geraesésuke fbras@pld tsifid £ 3A a
bare silicon wafér is represented g )e his could be at any stage in

the fabri cB'QPé‘?i“B?raB"%"tﬁf@é'l ¥ from %'3619 (F' chgexgter, as shown in FIG
4D, is the application of a pattern transfer layer, this can be accompllshed by a number

of various 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
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 NHs; 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 ina 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 in
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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device. The first step is the deposition of the sacrificial layer via PECVD
utilizing phsoBtr yggast one organi c precursor as shown in FIG 3B. On top of
this sacrificial layer is deposited a hard mask which can be any materi al
whi ch has good etch selectivity to photoresist and the sacrificial |ayer,
in FIG 3C a conposite filmdeposited fromDEMS and Linonen is used as a
hard mask i s depicted. The next step, as showmn in FIG 3D, is the

appl i cat i othefrhalanp@blirf dhdef an&ﬁuerznrigaatmbspﬁéae &h@mlban@aluagrmnaemmedumy a

number of Il ous techniqu exanpl e l.icati,o osure,
Tna devel oIS B7 such 85 Gasisine. Ol eiaats: weies plhosthBic At folas Frapscies
transfer, efc. Poss Amblad Relelthen 8kpdsea BFRGY 1daparHhdrgodnempéatap fdriacat i on.
FI G 3E depl cts, the str ture@%%ﬁr the hard mask is etched away, this can

be by for BX: indef '"f%@ Next the pattern is transferred onto the

sacrifici ajoo7eyeOthyt ,sefe@fveeeqaﬁmitgfda%inabraoafanﬁ rvdir §dp Edrferdplatedbyttheé s step
It may be advant ageous erllﬁ:eneer th qSCh rahe and t hi ckness_ of F_he
pattern trBIfSPRYNYRIIER Ude(u ”OB'ﬁ&aé eI NRIRgeHra SUETHRS @:a’t‘?r

transfer naaecirgl above the hard mask is corrpl etely renoved as the
sacrificial,laye bej tcC this Limtin need a shlng
step whi cht%ﬁf i %ﬁ?'%tl“ﬂfg ﬁgg&rﬂ% fed §§'<::??ch'89 rsq‘&?‘ép"erﬁ% ‘géPr Bﬁ

3acrl f lt c ld atenhpﬁey@mre d@eﬁ@&ﬁt@%tﬂﬂ@\werateﬁ%m*eb §geéuﬁ%gﬁn gfeaEﬁPEMéEMmys t hen
eposite re by as shown in

it 1 21 ng (0288 o R SERnBus e M aTglosrapneier arosh e B SruBul 't Biadposi

the sacrif igphdle thé’l}sﬁ@érlﬂciahsiﬁccfhﬂﬁatéhélgeé\hﬂgh@émdd tihrls” in@e poasusi GGl al | ayer
t hr ough thg tB{)?rous OSG | ayer. Finally, e porogen and sacrificial |ayer

are renove ny of a nunmber of techniques, the thermal annealing

t echni que [@79ﬂe$\nﬂhbbﬁ§bmgﬂb&lrﬁ Whecﬁr?ﬁﬁﬂbhﬂb”é’ﬁ&sﬂﬁ‘é?id fapscatd tHehemtifd | M5 wer e

nmeasured by SEM det erm ne how wel sacrificial organic material was

wer e r enovEMICAR denige puthdbe siteq inpjage. then @ftgnwaleh digkigr srposeie chip

phot ogr aphg taé ts@l'écﬂi\féeﬂuaiﬁhe %Grﬁtgmidgr&cﬁlﬁg gi%%nfobé t@&ﬁdoﬁ'&d%'elé@fﬁ\ﬁw i al
| eavi ng behi nd "tunnel s" he_ porous G networ k. SECOND EMBODI MENT:

SACRI FI CI AfFreRiTtRRRII98PEHN @ﬂ%ﬁ%ﬂé@%@”@%ﬁ@@\! intggrity duripg Packagian t hat
a fluori newhRRlia Md iSRled6t hiRriflk WithNSw GRThaniesl ifsgip! e XeF2 or  BrF3) in

t he gas phase, w.ll selectively etch silicon versus silicon dioxide, for

exanpl e [0080] For use in the manufacture of devices with liquid or gas channels it could 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 aliowing 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 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 polymizable
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 = 1.2-1.486), 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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see Lopez et. al. in Mcro Total Analysis Systens 2002, Proceedi ngs of the
JAS 2002 Gyogeo® ygn 6th, Nara, Japan, Nov. 3-7, 2002 (2002), 2 934-936 The
etch selectivity results fromthe increased chem cal reactivity of single
crystal - poly- or anorphous- silicon with the XeF2, BrF3 etc being used.
One exanple of this type of fabrication would be to forma cantilever by
depositing a layer of poly-silicon into SiQ2 on Silicon and then coating

W th a secamdrghayesiliodn ahmeﬁrcohmm wfs witrea a@hyostﬂelsiil'rcarmr CHG myerpfatidvesdni ng

and etchi bot h t Si2 | ayer and,t ol.y-silicon er t

cant i Fevor bLime! pife Rotwen e BNGRaITG sty GrBRIGG" nie Ul PEF e et ayer
usi ng XeF2 awhyl u$ifg & sele@ﬂv& fudrihe cﬁﬁiawm; dtching gas.Slt eiayietadvantagbbes edges

i nward as h’d’ﬁ% XeF i[ﬂlses ugﬁ SifOZ ﬁ%‘llever t0073 In this
second enbttiifeH2 H?'S R "‘b?‘?sfé £ryi %‘?ﬁ?o?ﬁm £ layPUBAr Ry R SFM%hi ng

sel ective pleehamenlgiéngthf f use though a porous silicate or porous OSG
capping layer which is fornmed over a poly- or anorphous-silicon |ayer to
etch the underlying poly- or 16 06902ZP USA anor phous-silicon w thout
having to open the structure andTEIRDEMBODIMENT:YIi Nng | ayer around the top

ST Fcon i ayer can SOCRIBETE METRRAES AT R, B0k AR Sk YERTST or it usi on
of the etcloosgpsThé Q85 4ia Eér@ﬂ@hﬁﬁatéqﬁyepﬁﬁ@bb\ba@eﬂmﬁ me-ta:] bx.a? E)srmrrlg talelotr)lggf

are: formation of air em conduct or nuf act ur

fumnel o opemstimprie GeR. BreB i Shilinls Arofortsmibldtsa uce | n drug
del i veryt Eymﬂbﬁama@ﬁthé lpegsenf @bédt@ﬁt :!tQande ﬁ;h@f thng:sfaawaﬁr] S@tntta)@}‘mqtd@ hol | ow
core 1 n e 1apric e | IC C e abl |1

build mul E’\a&r@ |383 33%5%% i‘ﬂa}) '—@@ fecBRRPEL A s o ¢ he
silicon i sCm@ﬁame@ponadiépwﬁuoﬁ oF PEWDafmm iréadilpavairbrd ;ﬁrébur@@r mateAslc@nfemt | Ng

| ayers of m.crocapilaries which cou (ﬂ in%erapt i rr?ner simlar to the
et ry PR Ie s S SOBRsSerdnt [PIpwrd BRERFENEY b, ARG O 0ovs] FI &
4A- | | shows p@fﬂu@myg}a#c; ﬂh?)forlh@étnb}ﬂ’%yafv@ilt?rtd&:ﬁjb_ié;mﬁﬁg bfBe afe MQ!eﬁaIrSTLSﬂCﬁ tag fbuv][ ocess
a si |convvaer S rma oxXl al ze N QX anpl en 0 rma
| ayer of sﬂféié'm'\ﬁﬁ t%w%r@aﬂ'éﬁb(&%iP9s%3rs%r§ewg sgﬁgtegéqog%ﬁe\ag oyR cRSISiSHRg Qgchi ng
gas from rtéﬁﬁtrhélﬁngeﬁ'ﬂﬁah@%errﬁhhé qetra-Htriy gbaRardiuh Rh@tédB-ethbky @ non-silicon
underl ayer is use not necessar Onto this 8102 a Ia|¥er of

pol y-sili c%?f“@&n’i’%é’“&éb%??@gdm B@seé'ﬂﬁ%r%ord%gﬂﬁdﬁd from the group consist

tri-methyl boron, trimethoxy borane, triethoxy borane and diborane. At the same time
SiO; 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 QSG 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 technology 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 tayer of a water soluble metal oxide, for
example GeQ; (FIG SA). 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
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hi gh tenperature thermal CVD fromsilane (FIG 4C). The next step, as shown
in FIG 4Dy cﬁq?thesﬂppllcatlon of a pattern transfer |ayer, this can be
acconpl i she a nunmber of various techniques, for exanple by the
application, exposure, and devel opnent of a photoresist, or by
nono-inprint transfer, or possibly via ink-jet technol ogy depending on the
application. FIG 4E depicts the structure after the silicon layer is

etched, t hb§a§@ébu§¢etré?ﬁethﬂémmrmﬁ ﬁyd?bﬁd@ﬂumﬁg mtélmﬁogsfmmbeeﬁélap tr HBr.
toresist) i.s rem)f%d in an

Next the pattern transfer él %%go

ashi ng steﬁ?s'sépﬂlﬁFBéF'%$chlﬂf'§ @W@"rﬂ‘ab Btc% S3aMH ﬁ@éherlpggarn FRSIRE ashi ng
step, ie atééﬁmh@@é:éﬂe\ieeuet]ctea@nkr}a o?tirﬁpnntaitr@graimwsé ERPIBY8ShFIGSDTr educi ng
ash such as a H2 or downst r eam ash ash et Ethhese

lines wer e9eMels t%ﬁf%wwaﬁﬁr the wategfyble %’P ] eggfafs Q‘ﬁ@daﬂ“'%ﬁ?ﬁmﬂe % G 4G

Any  numbebyhpie IRIE ©F 6§iAg eaylob@nuhbéﬂ&endomamhmﬁdudmgoommsm €4Faae}ter f or
exanpl e: using a spin_coater and 0- ELK Air Productsg&

Cheni cal s, Nexcas shawndn FEGRF tmaﬂerggaaggbmpégal (-8 RJ"@“I’-‘S Igh {sreoy
6, 592, 980; aﬁwiﬁ&&eﬁ@n@ﬁﬁeﬁof%r&ﬁ%rod@éb@ceﬁf 5 uséaqﬁmmésﬁr&ﬂstbeneeropy

reference or deposited via PECYD in a PDEMIM roces &@ Prod s and
Cheni cal s, rqagtve lomeﬁevﬂ%ﬂﬁp,%do‘&%st@@w%ede YEINgRPFUEH BS @ g and

US Pat ent aeﬁﬁsﬁre‘é%asmsawe&eﬂewﬁﬁﬁettom@éémﬁe@am@mm@tdd\mm & porous
OSG in then renoved in an anneal step as shown in FIG 4H, this anpeal s

step can bEOEPRsiterfilifBer A5G Bwerc%%%rwn in 5IGER 2 ARY BUMREF AiErOSRR5E% FATMBE under
an inert ahﬂ&éelf@fo@m tAig c@ﬁ@@&@aw‘rﬁfdr BRsrApl: ARG smccsmedndamwemz' ng

at m)sphere her mal_anneal |n8 under vacuum reactive ion such

pl asma, UVW%‘%'H%%(WWPQ’WHF&?”C& heraisalsy Ine- Alentewnctab 2p desepeddn U&%ateﬂ*ﬁese
sanpl es wep@eb/268; @5@.@9@@1 d@leBzd?ﬁarﬁie @@z 308 br ddbshEPiin PFETVED mtaupems a

period of tine as shown in FIG 4 G‘llaher sel ective etchants

silicon toPfasess WePrapwctgapd &Nﬁmﬂﬂ éﬂ“e Isptomine PA) asdeseribed ia B?ntel"r?cl ude:

HF, nobl e gagsinabiA8vs PRHeRl @Bh@@?@ﬁhé?(@r‘&g@ﬁué&ﬁto 18¥intihd comipbsit@Bificd b3
[0077] The selectivity of the BrF3 and etching for silicon over Si Q2

or OSG is PPEHpESE iivtBeq egraonedrin anianRedl ian as BiowerBFF 45 thisameaipiem
greater sekgthd \éh% #mb%&od@s@@ %r%%lé ﬁ@rﬁ%ﬁ@h@@n@@f@n mEfter exposure

of the structure renove the sacrificial silicon materi al
| eavi ng beRIMREPheign fiersal anpealing yslesas ogidizing 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 5.

[0086] FiG 9C shows the SEM photographs after dissolution of a portion of the GeQ,
with water to remove the sacrificial water soluble 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 GeO, 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 GeQ, layers were fabricated the device would be exposed to water in order to
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network. [0079] Wthout being bound by theory it m ght be possible to
fabricate poghemtijgg sem conductor device with the silicon in place, then
after wafer dicing, expose the chip to the selective fluorine containing
etching gas to renove the silicon and selectively create the air gaps,
this may of fer advantages in nechanical integrity during packaging which
Is a major issue for materials with | ow nechanical integrity. [0080] For

use int heemrawfawﬁweeogio Kave 655 dtidnfelsi Guhaly 6 a@mte@wnﬂei fill ugd theoul d be
envi si oned t hat hous silicon

| ayers etched_into
" batt or n PAPR MBI SRR RS tetessay e prrmsfinD ot
waf er, by milieuhBggH e pMdsHWé?frohﬁUﬁ&éhheﬁb@hﬁﬁieﬁ OhemyltmsmgmmS| ble to
do nult|plg?ste ﬁinthe5|s of no| ecul s on_a S|n t he desired

Struotur o Goneisio it Neheresh a SRHTARREBINE PSS HE Bt TGP U Ty er
were fabri E@Ea@lﬁ/atéaﬁoﬂﬁrds%lmﬁbﬂzdtm’ﬂﬁemﬁﬂ@él?ﬂlllh@tr‘&qicﬁééé | Vieis pfdclusu’ isne
contalnlng et chi as | r to con to eave open
channel s. %&%G{/]g!b CLAPHAY. Sh‘é'h'F*E‘)WI"{]"PPd?Jﬁ'qPWé"?J%‘?g"ae R9tes lgEs ¥IPlGs silica
or OSG Iay@faﬁ,matér,a|r\eﬁ@s§1aﬁue|sto prevent diffusion of the gases or liquids
t hough t he L OuU er from ope chanpnel to ther this ght be
Honeots: 1 oIBRP T e ratong ey G e apcr b A var Bl s bec st ne. o
Itlh qui d whi g2 ié@@ diferéidel |H@éffaét|¢/é)maéﬁl§s FOky bWk hir ORI = €f dera pyeuy silitd | i ng

e pores.

rocess is facilitate t he capi l effect, which wll

render |i g8 93%;{ | 3d A ﬁB‘ﬁé’éﬂqr%%‘%e W‘/‘gﬁ'g‘{‘ﬂ’ 9’?"’49‘15?9 ﬁ‘L‘?%%?tEF ang defA%3tRannel s.
[0081] Thetheathjriaf Rt @mPhredad bowvenasfal EbiPéore Abérco |@l@:laBI§sl $oave¢br@ateaaaeous
because of the Iarggerdlfference in refractjve indexes ‘ﬁ%&{) air
(R = 1) aRelloy ‘ERS?H opticicable opp cegld qmsian fifstForminga thip gt r@” kPefe Wil
al | ow gr eagh coh hisd@itrea pbiRss 8iliea deoseAager. trhe sﬂ:b@nﬁlabrddb&ﬁi tﬁ@rﬂb@r ed to
conventional solid core fiber optic cables. To fag Fu[fﬁi rlﬁ core
fiber opti @S%%{mdeawuwwateénm"@v&? 3qvastageeysioigen ?hcoﬁllt pol y-or
18 06902ZPcd#%ba.nmrpBﬁbtﬁeraayérward@ﬂda progife pRthbRBallshiehgthi th a conposite
silica or OSG |ayer foll \éﬁeermval of the ?@?gen in an anneal i ng
Step. The BDSPEORSGraD Reowied I RIBRo BECE0 REE WAlGELPHINE 12l CxP e Jage
fluorine Cﬁcﬁlfaﬁédwé?ﬁs Srthe D&:diAPlackiof MAY¥rbaucAdsaRlRBeRUSthER, héteatdm! t her
coat this hollow core fiber with any of another layer in order to provide
mechani cal C¥ttaigiRgtpolecules, esters, ketones, aldehydes and mixtures of such solvents.

[0091] It may also be possible to co-deposit the GeO; and or B,O; along with the Si0O,

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 GeQO, and or

B,0s 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
fitm 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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THI RD EIVBCDI MENT: SACRI FI CI AL MATERI ALS SOLVATED I N POLAR SOLVENTS [ 0082]
The use of 4 PQ%_% silicate |layer and a water soluble netal oxide, such as
ger mani um OXI to fabricate structures is also contenplated as an
enbodi ment of the present invention. It is known that GeQ2 is a water
soluble oxide material, and that Ge02 can be deposited by any of a nunber
of techni ques such as chem cal vapor deposition or PECVD fromreadily

avail abl e W@Bﬂcsﬂ’eféif%I?frbﬁa' mo% 4f250 @nd Fivirg peéfertaeryhftirm ges tSBN Ahudghxi des
fol |l oned bﬁ'qean anneal . | es of Elveecursors for the formation of a

wat er sol ubeehsaical reagents Ué?@ hﬁ@erbmawbe so(netimgs depgribed 751 97369HE el 1% o,

ger mani um (n%\rstbééi etht HeAdhenie raehid! Mgy S@Idézrvemd drchy 848 (?%@ff@th‘étremloﬂf
tetra- rreth ger hrane, dJgernane, tetra-neth oxy (%ermanl um and tetra-et hoxy

ger mani um %lwarqdrﬂ@ %ﬁ%ﬁ'z?@)'q%%%%%éﬁ%?“ Qr EspRHte Y AB SRR oup
consi st i ngg&d intd the Té&Rddry! boron, trimethoxy borane, triethoxy borane and
di borane. At the sane tine SIQ2 and OSG filns _are not water soluble, but

will all owl%083] t Hecartain erabesiments oh thecresent inygglion: fsnsadklisalandsnmrestr t he

di ssol uti omafirialste fmeRPtAISRLE a BRI LOMRINRED BiferficalRRibetiderftisitioh préteds. por ous
OSG | ayer. [0083 The ISresen i nvention further proposes to use a porous

silicate cBHEUIGadlerVIa Progesercheplicahreaggpisare HS(W%'”I"%?@?E'OPB” a'l@fawrfser:ht he
water to dbéé%@drﬁ'&ﬁéfﬂbeﬁdi’ﬂ anénérgyslﬁergeaétr@mn&m réHYRafs tibragy wat er

sol ubl e netal oxide |ayer without having to etch the structure to expose
the edge oforping %fHEPé?rl @hlwtﬁwétron qf dhsasH] sEﬁ@nﬂn&eSP@mq?swm dhe, layersQhy

this teChnEPl'eQ-QJ}Sst?étécaﬁ ‘Bé'i@r?ﬂe‘arbyqﬁe %bfdeﬁé’é’fﬁori Br aI?éﬁét%l@qHQEQ?uémaIUf acturi ng,
formati on of tunnels for the delivery @gases or exanpl e for

use in dr u@e%ﬁﬁo{?e?f)ﬁ gaseopy Mixtye qﬂmﬂﬁ'ﬁm legst %P%@WB@VP@BF@”?@P'? ﬁ@an'c
fabricati Oﬁa@rla%\’féi%% Jdchﬁ’énal%e'r ané ﬁplleﬁ§t on[eos(ﬂﬁélcoﬁiaﬁl recS38MSuchhs

exenpl ary pathway for the formation of void spaces. IS process a
si |icon wafPrgag0eilsae &f olganasipxpng torfogn the me%sﬂgdﬁyem '@Q?Et?@l oxi de, for

exanpl e ee@@.bmenmhe SRl bhirgy WBSIRK 1 W bgeiE hily B4difohdss to bar i er

| ayer such as Si 2 can” be deposited using 'for exanple
process ( FW@L?(B)‘ "ﬂCPf@ Pr‘EfQEQbIYeQ 3t wattpismy;s Elow ratastfpreachcd ”%fbreﬁﬂéﬂl‘é may

di ssol uti opngks trb® WRb0062eH! PrdRLA validsdR tH B0 AamMee during

deposition for a PECVD process of the present invention may range from 0.01 to 600
torr, more preferably 1 to 10 torr. It 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, etc.

[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 final film) and reactive substances,
such as gaseous or liquid organic substances, NHs, Hz, CO,, CO, O, or N;O. CO, is
the preferred carrier gas.

[0085] 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 freqguency 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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by aqueous tetranethyl anmoni um hydroxi de during photolithography to devel op
the resispsgptAanga(FI G 5C), this layer may not be necessary if other
pattern transfer techniques are used such as ink-jet or inprint

|'i thography are enployed. FIG 5D depicts the structure after the water

sol uble netal oxide is etched, this can be by for exanple R E or using any
of a nunber of fluorocarbons including CF4, CAF6, CAF6 etc. Next as shown

i nhFI G 5F bd‘eﬁerrwttrnr{;qeﬁerfa}téiﬁa?mvﬂﬁfcﬁﬂﬂalédi p(a'sma atlﬁhﬁé‘gﬁé@@i aﬁ)e.ﬁesMhHeno\é_ed in an
ashi ng step, a nunber o | s can be | ashi ng
step, ie aB@Q RO 1S Rrefesaply re'ﬂrbn%f{é’t C'BZ"&‘H §'?L# @gh‘\d;%i? ga reduci ng
ash such amm/bl&"’,ofasélﬂ-lapordawnﬁadm@sﬂne substeateMt mylbeta@darasﬁecmsm These

l i nes vvereth‘%g coated wt osite siljca or S, shown in

F1 CBG  Any o8 @rcaafrer@aac@g@eow N S St

| ayer, for tepoifgbes intise plgsmaswhuah matrewnl@adsé\lésgfrEngentar@dmhe OSG Products
and Cheni cal s

I nc.,_All 0, as. desg¢ri bed. 365, 266;
o595, 950 DECHEE SR S43 ore diHipEeivR gy naselst MRS Lot
process (AAr, Xg, adg&rs and Chem cals, Inc., Allentown, PA), as described in
US Pat ent 3,04 US Pat en 846, 515 Th orogen used rmthe
conpos: 1o WOOBEATHE ToRgrIs,Br 63el Oh e apecBnGoRaP i DRIeTAsIA GO 48 Bhown
in FI G 4H, 5040 Sc;mnma}eSpfdf@ablycmfm 130 @NI00TUSERET, ¥ smgweeseﬁm varer. emapl e
t her mal ann a E under a |n§: t nospher e, thermal_ anne er;g Ber an
oxi di zi ng PHﬁJé‘ﬁ Eales atenzq ?ﬁ? SARSAPi RigVIde ifefesigd AU Fﬁr BB chi ng
such as O02afd preEorrhdf iR fREMH. Mhelifigd] flodtraRS Maetsd nidly depdhd Lipsh wmﬁsuées
etc. These scftglyl es Wer@%} hen exposed to Br IZS % 1£% Torr nd rq
t enper at ur 8" mbefPNHAHraTon ARd R INSLNAY (imited t8 m[‘b‘ﬁéﬂs‘?ﬁ%‘ eWaffSns
the SEM pheriapatierph edrifi efbsgifletits, e fin riaypes tbsusited at Belesedion wtd bf arat er
to renove acr ficial water soluble netal oxide |eavi ng behi nd

"tunnel s" feﬁs [SHPOUS OSG network. [0087] For use in air-gap fabrication

t he node o7 b$h§pf§sb@r’é ifh metmuurfnwhauﬁbﬂ&;rtr@ajepwh@n RYremedbhs. 0t ke
sacrificial_layer, eX%ﬁ%@PII n this case the Ge woul d be used as the

sacrificia QW@F‘O"‘F Rr Yiltodayohe possible to fabricate the entire

sem conducfopespevhé fim ﬁﬁr%%btmp@sltecg@@th@kﬁeg‘s&m mttsdo rhiBions N@hoagH er
sone advantaqes i n mechani cal * int grlt ackagi ng which is a major
t

"
otue o IhEERASS SR PR VPG RS ETEGaTTe PROKEITD fepoBeagn A ealerie
liquid or gafacehasretaleht usiRhil, RetheMHrtion RAhickidssidd RsSeah 29 )Rer 1

standard deviation across the substrate with a reasonable edge exclusion, wherein e.g.,
a omm 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 fiims 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 elements 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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could be etched into a pattern allowng for m xing of chem cals at given
poi nts al opgogdre ysafer, by allowing for nmultiple layers of channels it
coul d be possible to do nmultiple step synthesis of nolecules on a single
chip. Once the desired structure of porous silica or OSG and Ge02 | ayers
were fabricated the device would be exposed to water in order to 20 06902ZP
USA etch away the GeQ2 to | eave open channels. It may be advant ageous to
fill up thfompotoezt dganbdrih@oms preferably from Dio 12SErbaryatoms| &ndemossprefeyalily

prevent diffusion of, the gases.or |iguids though th rqus | from one

Channel ¢ ol@iict Rer Eoredibsiefp® thisderm ghptesctsc Sldf woklef Bt M Ehet Wit n e

pol ym zabl groapgandtrashaiocalky, alkarghoraratkyl. i The tdrmvalioii” faeiner appliecto alied ed

Qe POl RN BRI AT ko et B B, T SRR 1

por es | essusen dreinasix toltaalvemtenbexlcarbontrings theing arcmaticb@icteFh@he édym cat i on

of hollow gore fiber.optic cables.ig _advant.age because of _t l,arge

G 1f er ence T ap ARRIERYR oA GERRIEE el ol “ FRHABEN Ther iR Sirct mad BBOBLTS

Zi lica or rr@%g(sRhat:hallleﬁthgmbhj csflsi-id bendsnoet oahlfnhrthdrlirdeg_rSiaDﬁi s: ggal
ensities and degr _the._.si.gna coppar to conventional.solid core

fiber opti sr'(ggfﬁl ébﬁ%s'fﬁn?'%ﬁfr ﬁb’gg’émgs' ﬁ-ﬁf%ﬂﬁgrﬁ%ﬁﬁpf gﬁ'ﬁibgn@%glfg‘ one coul d

envi si on f presdrrddahat thg adlehbl anesdillcanduk ikpais andninfuess Siadit ibogdd initlke wi th a

por ous si l i.cra t)rr G.l.ayer. The silicon core could then be dissolved away
usi ng wat ef€ePHICHRISHA- 2qvant ageous to then further coat this hollow core

fib i th I ' i ' I cal h, .[ 0090
228 can U108k he i ealsge W he i pBEENAR ke BrrBL A BrsstA oL
pol ar sol vporbger.aA “beroge€das osqul lereinpib avehgent tisal ¢husesl to gleaerlatd oid et her s,

het er oat om _,cont aj_ni mol .ecul es,. esters, ketones, .al dehydes. and, mi_xt yres
of cuon SorERButn B iERIERIG® 5 B36E bBiagsB BT IR i PieE SRRERI PRIty o
or B2CG3 al thegreddninvbetics itRudaidil®org@bic groups!; delverits, deeompasaides polgmemyer by
di ssol ution of  an inorganic,_porogen, in this nner the device, fabrication
coul d be COYRACAT BPOHINESOMAGHG ATaeR: B0l maT PR Oy IENS FRRPIRIS. DEPCSI TI ON
METHODS [ O6ahicAsadrembleomes| dpicembiatibns thbfdf. Saulr fufther edampidsasfisaltataand

conposite |ayers are ﬁledposi ted onto tdl.eastd.a gqrtti onl.oft. a E&Jbstrate from
a precursoP® 8mlgpyg% SE PR{GENS described in pending patent application, Attorney

Docket 06274P2, which is assigned to the assignee of 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 disciosed 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.

Organomet. Polymers, 10, 103-113 (2000).
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using a variety of different nmethods. These nethods nmay be used by

t hensel vesg@gpdzp ys/Nbi nati on. Some exanpl es of processes that may be used
to formthe organosilicate filminclude the follow ng: thermal chem cal
vapor deposition, plasma enhanced chem cal vapor deposition ("PECVD'), high
density PECVD, photon assisted CVD, plasma-photon assisted ("PPECVD'),
cryogeni ¢ chem cal vapor deposition, chem cal assisted vapor deposition,

hot-fil agemmob]emr@pbro\gapgbmd%m&ieté Qé&m[) fabl@?ﬁ_@lyn&g. cralédeéafﬁbosabreot 0
Initiate chem Ca apor, e SItlon 0 a | 0 recur,sor,
Hopob i+ SRy Ba: Sy bR RdiafeE et mEREIS i miors Aeaterbys kRO daeBrBR e IEn: |
In cert ai nTh@faeifrepm@ﬁheen‘asl)g%mﬁ&Zl réig, %IB@SHWU A 'stséﬁmgésma;yamewldam%/oa 200
terrperature rangl n rom to rerera om to
o BT D o BerBosty B3t 0 T eMRY R AG RO BcSRRRe POl RS <
Uﬁed Eerei arlermryrbassmbbagpoﬁawl_ niéa@gslg_s to ml iQtlSé.g.,iuttraivE)Iet,wﬂ-ijh st ood that
the chemc reagents .oe ellrver | rect as a a to,the reactor,
del i ver od SECEOR,BoRp; I de ke iermalledaseriposatie PPUMer I BeER: t ed by an
I nert tca_r r a@dﬂmmﬁio? £ tbrﬁﬁ&at?;%%qhi@tfappgé&ﬂ%e bc_shtd@aéétwtnrte@rflbmlirgantr@ sﬂfcgt he
presen I nventi on e sacrirticl an (0] osite eri a ar e or ne
t hrough a ﬁ?%@%—a&{ﬁ%ﬂ%@ar@Wé?ﬁe@gﬂurmﬁe%gﬁ(%ﬁpp QFE%SS'@".k'ngBréL@F’I yin a
PECVD pr ocpsigmesggititadle wiaeroRetes tatifiafingooraiok iftifieation reagtionptortfohaier such
as a vacuum chanber, and cgl asna eneré;é, ener%z?ﬁ_‘et he 'Chﬁ i cal re_aﬁaﬁnts
! P

thereby f BFRERP e SER FRLIFCRMPrES apd Jifyses TREX 8l e aPRI®PNaE T ese
embodi ment B, prodssingy Examles df fifesepasinicrs tckal pofnieds Rt hive ahgrchitecture

co-depositjon, or alternativel he sequential ,depositjon, of a gaseous
m xture cohﬁﬁF Providgs athieg: ’i“e%‘é‘%%‘éﬁ’é&p’tﬂcbﬁﬁrl?uzté'ﬂﬂém&dgtan?'&mk material to
form the sasggdiyrhérsale.| dieek, okl ahEaRiltibRIRR cBbdlirterse St BloBk BEpdhresrsr sor
such as an organosilane or organosil|loxane to formthe conposite |ayer. In
certain eFﬁ%”éla £OPeIREer: 4 IRIRE eRPOLFIITS Poralted iraPPlag e, Fign ft ange
;r om 0. g2 I:nﬁptoﬁymé’b@,{tbﬁér?ﬂ%locﬁ@bﬁol%@fs??ﬁ@EUTgintQtidrfsoég tmtetaﬁérﬁtg&ur@. ow r alt es
or each o e reagen may . ranges from 0 sccm_ Pressure val ues
1 the vacCHRRISABBIES AL APaIGaatle PRUMETAe BHn M ES/Bab Nt BAMAD HEISH: esent
i nvention gaycdrpstaRdiHepsih By Pdfetedc®d Mits ériréty. nore preferably 1 to 10 torr.
It is understood however tKat process paraneters such as plasma energy,

flow rate, [(BAO7PTRS BofcgeAMay\t¥ & h{RP BFRFHcREd BP@ShdRHiERE @y mer. 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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factors such as the surface area of the substrate, the equipnment used in

t he PECVD aetc. [0094] In addition to the one or nore chem cal,
addi ti onal nateria?s can be charged into the vacuum chanber prior to,
during and/or after the deposition reaction. Such materials include, e.g.,
inert gas (e.g., He, Ar, N2, Kr, Xe, etc., which may be enployed as a
carrier gas for lesser volatile precursors and/ or which can pronote the

curing of hffop rﬂﬁclﬁi@wbuﬁsrgmﬁg Ivmlémmaogt@hg@rrﬂtywmémm #iohgnal film

and reactive substances such as gaseous or ani ¢ subst ances
NH3, H2, cClydropigbigail that fweanw'cu%'d repgls w@ﬁeﬁl’hsauréﬁ?wﬁf«‘a@a@a"m@gs]
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to formthe I mon the substrate. Such energy can be provi ded by, e.qg.

thermal, h#{ aorant%rp@m(alkpﬂeasﬁa'debﬁur&?@tﬁntﬁ agﬁﬂumﬁe'wre@ﬁ' SWTERAIS. hi gh- densi ty
pl asma, inducti velénecoupl ed plasma, and renote plasnma nethods. A secondary

RF frequentBP1381 feembedimenis whese thedimdaforged freoudhua seinanaraqach bei cs at

the substr ah@ueWohiwiges, Mitsf araabi Igastlong sﬂ'Eb Ismmcé 4 8éragén Rycdphigstnan RAkRanced
chem cal vapgr deposition. is partijcularl 27P USA preferred to

gener at e ca8pbe p0EMRtREQ LIbF%’EP"bP@ dam*apqﬂm@@faethe ynigpre frtBey GamPriseppssmm

pover is ps&{&italb s dufabiabt. 08 bhief, dispehdisd Habmixiibe SntBrrfudsiiteland- 3 to 3
watts/cn2, based upon a surface area of the substrate. It may be

advant ageoB@RORtingHT 89ivent@ad water qgadorniiedimpo£ae swactant gng W%‘ﬁ'ﬂgon

energy to Loyt ahbv=edrefmé b@ﬁbraﬁﬁé’ﬁﬁfv@&%?%uhrﬁb fh@%oﬁie@%strdb@'t&@né Br thbfen Wil |
cause less fragnentation in the OSG precursor(s). arrpl es of this type of

| ow i oni zal8MRETRIEES; aRdITer imesufficiest togrpdusathe coposiie filnd Kr. [0096] ~ The
flowrate for each of the gaseous reagents preferabl rantﬂ_@s from 10 to

5000 sccm [G9diH EP%P@at%rsyb&t'fa&ﬁss@en brthefrpaied o cusedt OsfPH@ PRTBUSHRIRSY
The i ndi vodefiim. asp%%.rertanﬁaiaﬁ@é aﬁld ﬁﬁ%e%@rétfén@MW#FdéﬁlﬁﬁdG@%doﬂdh@”DUnt s of

structure-forner nd pore-forner the film The actual flow rates needed

may dependmafﬁﬂ'ﬁf\k‘h‘f"@ﬁ'” éhez@"‘t‘é[ﬁdhe ﬁahﬁ@te ﬁﬁfthﬁ desitgdqore ¥plmsr &0 £ertald way
l'imted tOe%Qlem&l’e%afrﬁéréJr@Eteﬁ'@é&rﬁiu\ﬁ@ﬁ%ﬂ twé BamBRY t%mpltht@l%ﬂé’ehé\' tﬁﬁﬂi’@d' ments,
the filmmay be deposited at_a deposition rate of | east 50 nnf mi n.

controlled ramp or soak. The first temperature, typically below 300°C, may be to

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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[ 0097] The pressure in the vacuum chanber during deposition is preferably
0.01 to 6@hdRpyghAore preferably 1 to 15 torr. [0098] The filmis
preferably deposited to a thickness of 0.002 to 10 microns, although the
t hi ckness can be varied as required. The blanket film deposited on a
non-patterned surface has excellent uniformty, with a variation in

t hi ckness of |less than 2% over 1 standard deviation across the substrate

with a reapoiag] ¢h@d&wlmlmbmhrcwa@mréauﬁg @re cordubtecanvarygreatiyedge of
the substrate is not included in t tatistical cal cul ati on of
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It is hydrogen, hydrocarbons (saturated, unsaturated, linear or branched, aromatics), etc.).
The plasma power is preferably 0-5000 W. The temperature is preferably ambient to
500°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), 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
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), 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
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preferred that the at | east one silica source inparts a m ni numof Si-OH
bonds in tpegoHralyegtric material. [00102] The m xture used to formthe
films of the present invention further conprises a porogen. A "porogen",
as used herein, is a reagent that is used to generate void volunme wthin
the resultant film Suitable porogens for use in the conposite materials of
the present invention include |abile organic groups, solvents, deconposable

pol yners, pmﬁa&mtmefan gegte iveRES andipable b6 8pediRcbdndk y MRE sotal curing time
pol yoxyal klsgl fe E[CP? s, , org& I ¢ macr onol ecul es, or conbi nati ons
ArPTeFan’t HYP

t her eof . Ui t abl e  porogens include those

por ogens dgmqlzzpﬂdmonammb Profer et sRPIPtibCabasid matérizpviaeYectrondkam 06274P2,
whi ch is assi %ned g@n f the resent i nvention. [00103] In
certai n enBbthft §°B u‘:tt “Tf’eg fellowiDg 55 %?P”St he porogen may i ncl ude

| abi | e 0rgm1231§]ﬂ'ﬁéﬂﬁwrdﬁh€éht 8&Be Ladiune nﬁerrg(@rg NiPESEHY ORI Kot th(H'en the
reaction ﬁ‘i ure, the labil e or ani c PS may contain suff Fréé‘ axygen

to convert A NG EELRIsEICPr HiRiAinG ¢ ﬁrPﬁ@ AilHle eyasn eryliamen

conpounds Gwyeﬁléhwiﬂgwm@\hskﬁoﬁégﬁtm& o>@:fe.0'ét3:5) bneluéing (g, amn@eunds di scl osed
in U S Pat. No. 171 9@’8 which is orated herein ref.er gnce in

its entirefYneent Btféi']yd'ioﬁa H%'B’Hﬂmpn%tﬁt)s% Pecrﬂ%erﬂtt“?s'érﬂre F?ﬂ?”é’ ?Jﬁ” Phe

por ogen mMayodE. ar oY@ denkfly A SncrQY BAFbé Qéhedtahﬂi taﬁém@&; sbe%ufﬁ%ﬂﬂ@' ly
present during at |least a portion of the cross- :?@g he matri x

material . SB¢ Rt cyring Bmeds P’}f’feﬂ'@'@ﬁ from %pQﬂ i ﬁ?o?ththﬁ‘? iTeRY %Q@t'”ld@!%t ively

hi gher boi b fgsdPi Addtionial |dar9:@Q§§ﬁﬂlnbhﬁé‘gér7e5Q usBrcﬁE%rcﬁQﬁ Me&ﬁ@%taﬂfallém@n
200C. Solvents suitable use as a porogen wth he m xture of

present i nifgtbiigations ﬁé?"h% St W@OMW@‘IFT@’@F@WMM Mqt@ﬁ*a|%§§'ﬂ3% 36i (HOQJ
Pat. No. 64823314&5696 ﬁé&%&%t al, rPr%@éécﬂrhgb cﬁﬁh@dmﬁ@é»‘s 260 SFOCAYERd By, be a

smal | nol ecul e such hose describ he reference Zheng, et al.

" Synt hesi sPat Nv‘és%%? 5@% B 6.204204 84 rﬁndlﬁs‘l?ﬁ §14 Aty theowsraefealecirondeam

Derivati Veﬁeé’t&eﬁ?ﬁﬁ&?‘(ﬁﬁde‘% p@roi% rdiRovalaRE Effancerhent GrH mechbgigs0TEL .

Pol ymers, 10, 103-1 2000 06902ZP USA [00106] The porogen coul d al so
be a deconﬁ@@&ﬁﬂeét@f@!lgh@"d Fealiscapessapinemalssl ymer may be radi ation
deconposabtom 28] FIRE Bf iPeGAvenaoh %aytail%rdmkdni’ﬂ@&ﬁ:@”iﬁ%@mrﬁl of indigarfi€r m

polymer", ~as used herein, also ehconpasses t terns ol igomers and/ or
" fluorine (e.g., Si-F). Fluorine, when present, is preferably 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 capable of adhering to a variety of materials, such as
silicon, SiO,, SizN4, 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 capable of adhering to at least one of the foregoing
materials sufficiently to pass a conventional pull test, such as ASTM D3359-85a 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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copol ynmers unl ess expressly stated to the contrary. Radi ati on deconposabl e
polymers ggsodo@ ygRr S that deconpose upon exposure to radiation, e.g.,
ultraviolet, X-ray, electron beam or the like. Thernally deconposabl e
pol ymers undergo thermal deconposition at tenperatures that approach the
condensation tenperature of the silica source materials and are present
during at least a portion of the cross-linking. Such polyners are those

whi ch f ost po1eeE R étiditlwl tofthd in@ertive Mdtefas 'fdalusé eaehd:rﬁimal matﬁnraml inandir defi ne
pore size, and d? ose ang di ffus égémt of Hat bigtat { p ropriate
time in pPRRELLSHYE, BPEFRSNELVERtoNHR P?/HE’F?S? Mt 'b%Prf $hat have
an ar chi t efade emethbas oplﬁsmg tﬁh@ﬁar@dddﬁﬁﬁdﬂrﬂmmugana csmpomawsmsaﬂmfbras, but

not limted to, {l;n olynmers, i.e., diblock, triblock, and nultiblock
copol yrer sPregatnd Pd?f?d‘tcg‘gol ymers; radial diblock copolymers; graft

g: bl Ic<>c k copoHzse Fﬂas.galgeaghwh m@@éemienﬁ Nldﬂ\ﬂﬂd&‘tmihgftﬁe steppof alyzﬁﬁt‘rﬁ)d feraper ed
ocC copo ners;, and C | nat 1 ons these arc Jte S. urt her

ool oo, oo B B R REPLIHE o e BHeperh usTiah Big: BANgowg SIVETA6%)
which is bmmsm @uesmejr@se By taebies ragl@reoflsacmftcfal muterraw 80).[ ORddrigatiihe
porogen ma

be a ranched aor dendrinmeric nched and
onacs mer oS I4/AES & o ATERa 1bnelod OF Gap IT GRTSE: Y I S DoatIsel § 4aa
hi Ighbclhe{n §r§dcer(¢apbldél'ddé e oTrQ)SBJrafyéﬁﬂoi larrﬁéﬂamaéttdntlayerqs@ ghdasypres | f
SOl upt 11 eyv er n es o
Soi tabl o JmED oprteh S Buretsfiioh ol ¥ia BB e obdnter M serHEIng &AL Byt ded
|( 299%)”{3[] eb@ragervan&’guhwwoséqs ereed re?é\db@uj@mg%tmuthogmﬁ%u@bn?@ms (7)(1)1(1)3]2

a IS | NCOr erein rererence I n ntire

The_ por ogehSh bRISP EHE (D 'ﬁ«pﬁﬁ?rnﬁﬂ&ﬂ%f@{qyﬁlecw albes Blo 50 SBFYE Ry ane
colrrpound swtal)luaag Qt@iln!klﬁri@’;ﬂid&wlt %mmbmnqlfessagémmaﬁ 6@ ¥eppenblivieene
(0] ners a ene, Cco Yy (0]
(F:Oﬂ%/)l nat i oﬁgert(%gié:@f”p iS{Rg ab%agﬁﬂ%ﬁﬂ asﬁgrﬁ %@Kﬁi&b& t‘gf[hiﬁ h’ﬁ’g cgspﬂ@dtaﬁat
i ncl udes aghaHrkilFi dgrwmt&oﬁp%ragm% {h@ﬁ@b@sn@ab %ré@ﬁm@élea%wﬁtn@drene oxi de,
polypropylene oXi al hereof . [00109] The oro en of the
present i n¥'ERYFIEHS ‘?JBFH%'&@%@W@’@M P o Wea‘&pﬁﬁﬁa"q:?ﬁr“e tp|qur aglragel
based fi | mtridturatFic: Bt VFEihaQIQﬁl@?érﬁgéﬁahd‘&é&iﬂéﬁﬁﬂéyé?& afdRnaidl las @Rowh in
surfactant _ that is subsequently renoved, varying the anmount of surfactant

can vary p6'|90§ ty. Typical surfactants exhibit an anphiphilic nature,

neani ng t thn1iz§quh@§m?iaQ1abrmsbenélmfr@|a@hbWﬁ iR PIGE AL DR RBRhGilglvs tHee same

time. Amphi a? r;||1‘"<|:|Iallclayfeurrto %gtfgnr#e% b%(t)v?ese%st%e%'letal lines. In this method each layer is
deposited and etched separately. Fist the sacrificial 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. [nitially 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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25 06902ZP USA hydrophilic head group or groups, which have a strong
affinity f@émﬁ@%ﬁmsﬂ”d a long hydrophobic tail that is organophilic and
repel s water. e surfactants can be anionic, cationic, nonionic, or
anphoteric. Further classifications of surfactants include silicone
surfactants, poly (al kyl ene oxide) surfactants, and fl uorochem cal
surfactants. [00110] In enbodi nents where the filmis fornmed through a

Spi n-on apps@mel layé}%ndﬁhébw&smew éréQﬁen etaﬁ&f usthd photamhd@apﬁuc one silica
a catal an ionic ditiv tain

3?3? or ed &%ﬂ@gv%m 8D maxtbarr@cséiﬁ%@rusecﬂw %két@%ﬁ?em%ﬁw

surfact ant endhck fthé?étch @&ha Ren sklBativitre betwdentBe eadrificRl BYSirdathe paotdresist,
evaporating the solvent and water can formthe filns. The surfact t and

remai ni ng SSRECIAUKIT thesacRideiallayerds gR REIAAIN PateEAB et BRPE AR 16 at ed

substrate tSnpriEndht |€§§t%nebemﬁeraﬂl W T, amg, TisiN, & thbaepotitbt @k @nbwh i pr oduce
the conposite film ]l The coated substrate is then furt heat ed or
Y

e PO o8 ishhe Sapaola oy B oporade Sidceb i s eleeat ed o

durations wah FRl 5GORAGWEH ﬂ;gcwnérth@eoppea%e%mmowmfa riéi'%trm:t&teur e, the
substrate, dgthe desired pore volune, ln cer

step is coﬁ@ué't"e& eamRasie Hyenshlicaan RS G with Qgrqgéf‘ R@Q) Fﬁ%‘?{‘ geepr}’téﬁéﬂ quggr ©

ranp or sogjg.glThe first tenperature, typically below 300C, nay be to
remove the water and/or solvent fromthe m xture and to further

cross- | i nk[49d31k ddei Rspcedingrgrscaptans @re BRIced e Pe exeyrigyY ?"5‘ F9tiang! gteRs

porogen angnd 6r |§k%/tnaéytbea;hééaedm%rdapto cdhgﬂ@té?tﬁé intagraicabrmby desdribes- Iti nk
the material . OF ORGANI C POROGENS AND. SACRI F| CI AL MATERI ALS

[00112] ThE@¥ARMe-A%ysRIBgeRuSIAFedabambadinents g BFUde lavars sueher; @8 &) a

curing steppp Wérc‘dh m&eﬂ@&’nélcs@n@ars@ haanRsk iay8r, aChik b efter Hetat ment ,
in-situ or renDte | asma  treat I Ng el ectron beanltreatnent photocurlng

and/ or i cPORETERdInets, Rarier vers: GUsiTTusiondayals Joalpt ses BYaE iRk 2NERON be

used to e”ﬁ@@l‘éecérhﬁn RBIcRidsRS 8tcﬁb%§§§ttlh% &diinb Bon JrRIBbdAEn BPHRruSIUFL or
porous OSG_Such as hardness, stabi | %gﬁyto shrinkage, to air SoMﬁosure

et chi ng, t butkear eé@@ﬁlqsgvomﬂ iaciide Pt Ry baRiMItes Jo: har Makkiaver. sidh siomBaien

Such treajs Bt §dt%%rh§¥é¥§’%dhégloh%rérh&efsl LirRda dudrerd, @tch ttrﬁébtméﬁlf or after
porogen renova usi n he sane or different neans use for poro

renoval . TmraWWW'W'Q%%FUfH%W?M°F tregh-firsteef vivstirst W%éﬁ@?&%e reé'ah ng
the filmwsfh energy (e.g., thermal, plasm, photon,

[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 MA6 contact stepper at 365 nm and developed using
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el ectron, m crowave,

etc.)
fil mand/ opggspzPangance materi al

properties.

or chem cals to renove porogen,
26 06902ZP USA [00113] The

stabilize the

condi tions under which post-treating are conducted can vary greatly. For

exanpl e,
vacuum anbi ent.
condi ti ons.

post-treating can be conducted under
[00114] Annealing is conducted under the foll ow ng
[ 00115] The environnment can be inert (e.g.

ni trogen,

hi gh pressure or under a

nobl e gasesiahiira TMAH Uevellfer solfebis. cARerRIE®RHgzome (eat@es thoqgaRIRingdl I,

dilute oxygen environnent s,

Hotgresist g repovedi i ap 9264%""6‘8“

enric

en _environnents,

ozone,

nltrous

oxi de, etc! @spadedhy dr ogen,  hydr ocar bons
(saturated, unsaturated, |inear or branched, aromatics), etc.). The
pressure |f03 gferabl about 1 Torr to about 1000 Torr. erver a vacuum
anbi ent i s[0%IP&L Wheee Peplicablg, thefes! pest-dsnostipn frgatieent,ar pnngaling wad: her

post - t r eat p&orARans an Applied Eémsyafemelncssm%f Fr1allibe Rﬂ@ac@@@ce@mtﬂmd t Ihe
anneal | ng

t enper at ur

rate is fromO.

t ot
L i pr QPRI IR ARIZO0a i 2 GRESSR St Sngren raB 2 PR (PERTRg 1 or

sel ective rpewasl3et pbahinue: B6ARBYo amgﬂcpomsatwc b @rhsabre staMed fgpat i on of
t he OSGfIPmIS Bg?ducted under the fol itions.

con 00117] The
envi r onmenf©¥En THE fiimiyer e(qglpwggécéppol@ielowdgaec Bgfgéesremqygl '&Prf‘ ]ﬂ%%“"l%c?' Xe),

etc.), oxidizing (e.g., oxygen, air, dilute oxygen environnents, enriched
oxygen environnments, ozone, nltrous OXI de etc.), or reducing (e g.,
dilute or concentrated hydr ogen M?(satur ated, unsaturat ed,

linear or branched TeprBitibs ) Sa@ﬂfu@na) Laye@lsnﬁb@ﬁgﬁu@w@iurdo‘ﬁs preferably
0- 5000 W nbient to 500C. The pressure is

E@g eraturels ef erab

pr ef er abl y[0f33 ﬁeete&egtpl%&ébg%ﬁf'ﬂé" 'BY%’§§‘(?F%"9W9‘F ypen theiufRge ot 3 e i s
pref er abl YS@.)s(ﬂ'étemlé\ atpash?a-Hinded CYDL3BLed3aEneariltdd Hdt8inP TaBRabrévidbs
sacrificial orﬁanl c nmat er al via W exmure is conducted under the

fol l owing € PF(?HEd't"P'Eﬁ)PfL@F thige eXgUPIAMARSYICiaHAY®E i nert (e.g., nitrogen,
CO»2, noble gases (He, Ar, Ne, Kr, Xe), etc.), oxidizing (e.g., oxygen,
air, dilute oxygen enV|ronnents enri ched oxygen _environnents, ozone,

et c.Tpbled— PerRiitioRg arameters of Yaifoss Srganin BEaqUFsar e d

ni trous oxi de,

hydr ocar borgepdg}f@hogen, EE€UC. ). TNEL eMpsrature | By i digHaa sk @i ent to
500C. The Parameters Decahydro- | dimethyl-1,5- terpinene Limonene
naphthalene | cyclooctadiene (ATP) {Limo)
(DHN) (DM-COD)
Liquid Fiow 600 600 600 800
(migm)
Carrier Gas 500 scem 500 scem (COy) 220 sccm 200 sccm
Flow (COy) (CO,) (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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power is preferably 0 to 5000 W The wavel ength is preferably IR visible,
UV or deepppgdezpragg! engths < 200nm). The total curing time is preferably
0.01 minto 12 hours. [00120] Renoval of the porogen and sacrifici al
organic material via m crowave exposure is conducted under the follow ng
conditions. [00121] The environment can be inert (e.g., nitrogen, CQ2,
nobl e gases (He, Ar, Ne, Kr, Xe), etc.), oxidizing (e.g., oxygen, air,

di lute oxygen environnents, enriched BxspgpRsd environnents, ozone, nitrous

oxi de, etc or red cin e.d., d e or .co a t ed dr qcar bons,
i oen. ot & ) Debfgtign At G saofticial ek PSEMSILENG Compatiedarer e 27
$ﬁ90t22tp lUSIEDmaapA saaadﬂmvajeewfgé hs;ta)@erted \dingelee ?ndwnhg {ﬁ@&ldﬁ 8r?0 nagy e gg‘fztz)fnds
e ot a ur, | rerera mn (0] (0]
rorovel © of i Ay adccoiri ol Sarftehana, 38 Buflindh thowrieag ot soabPan - coam
exposure i sscofomlaret ammmdaperhhﬁe,fwdarﬁmmp@-cm@bsmr@m 360 e@d&abl k td lield a
enwronrren ca V CUU nert . 0. .. NhLtrogen n e as ,
o R i B ARG hropPSies Aetufhy i iddess s 3 rerebivk Bo8k ot Lacs"
envi rgnman[am3E]1Alda>h¢ﬂ>sut@»aygam§d%ﬁdsnéw§mb3he lecnﬂblélﬂw ugm'gdaa etc )
or reduclin e or on r Qcar [ etcC
The. t enper tiiowiadirecipy: Abbimgmn Gt ok (RS0 SEUEITRerdREbH. dERSYS any

ener gy cancClg camiet gdsmsw 35@rrﬁ||m|-|ﬁcﬁ mmﬁeédmaf@emng Z5reCtvaiféd chugk i ng tine
S prefera%from 01 mn to 12 haqur or pul sed.

Al L ot terRe e aTheT Bissowa b o sEoadeR el a B, MBdas olpeing

avai | ab: e piopeitiab 11e1aim @M tHidk®BsD8nd Sreffdtlld pRad by pY3Rt i’il - Jour nal of f
Mat eri al s C 2001 4323-4330Q0: G ster al , gs o
e SunelS0 a8 Shig Hardsivasthen Gdiogvah Sopam Ohga Sy 180 esissat SETaRsA 305
Bl and 6, 1B§in@|é4<aﬂ§uss‘r Igmsmta@f st@?@e]grtat @65 hﬁﬁ@_nﬁW{%ﬁi%ﬁﬂ s@&hd%)@ﬁsm@. L or
por ogen renpval  and enhan nt o chani ca properties throug
bond- f or naﬁm%ﬂa B(‘f‘@ég'é%” &‘?Ynﬁ’é’?pl“?’”g 11(5(%'%2] Films of the invention may al so
contai n fl [oonB9EThis @Jatt@meﬁ WaferQfas! then 8RARE usihl Wfoﬂtﬁmh@ sbquence-firita 6
Fl uori ne, when &; S‘?ﬁﬂ' eferabl y. cont ai n? anount rangl ng from
0.5 to 7 aterend g?‘[ f@S m,a,tp reabihe RadRP c?"BY"éd W@@W@&FC Het¥ani cal
pl anari zat h @F fSMAr e@dﬂec@a |vﬁﬁ1ilﬂ%|éh &iF Rt 8f 140 8mAhisuteas lkkethathapgiher i ng
toavarlertny of [Taerlals ?
K, followed by a second 02 plasma for 24 seconds to etch away the photoresist on

top of the hard mask as well as etching the sacrificial limonene 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 vield a film 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,/ BrFs;
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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silicon, Si2, Si3N4, OSG FSG silicon carbide, hydrogenated silicon

car bi de, spgsep ygatride, hydrogenated silicon nitride, silicon
carbonitride, hydrogenated silicon carbonitride, boronitride,
antireflective coatings, photoresists, organic polynmers, porous organic
and inorganic materials, netals such as copper and alum num and diffusion
barrier layers such as but not limted to TiN, Ti(CN TaN, Ta(CN, Ta, W

V\][\I OL ]\c/\(C)ang 'ﬂa@déridmt@fmgmm?%@hiquleﬁaﬂdhlECIQﬁas%dlﬁEipn@:dse Aftet leiast one
0 t he ore terl a S I cl.ent S a. conve I ona u test,
alch s ASTRBEdae ek oG e AitrsrEtas ated s DA A e BHave
paszed t he ]Pblgzﬁihcbfﬁ fddnge avare trmbda&amdemm :bb@npamtﬁmsd; lanker hslhgrmr[FO?leﬁe]b
Products o t he i nvent Wean e Vi n_any mca e 0 e g
fooosrt ed” BpPEemy MER: ELR 800 BF BISU 58 prhenl THOEEHE FRE theh Al A

t ]}/peg of abp edh anrttﬁaém@{eahegbrdgeﬁéﬂmanhp{e plagreaposed to MO, orraaicBragl, aﬂll‘bi)l:]'lt ude
of objects, not nece ri se L rcui Preferahly, the
substrate f eé“%?é}@ @52 %l-ﬂ" grf8g5gé‘§®‘§%@@§h &?f?ﬁljﬁﬁ"% PEMBn to the
inventive paleétivie sichedthd SicGrsieanfs.i SEM ;ﬁbtuf&tcﬁltﬂ@éﬁgépﬂfowmdafter Shigttive
structure

, { t | u th b th duct
e hatre. elRg B icobiyer LRBE B Bere cboun i £, 3B XRE. il B oy By g " ©

usef ul for thipraepedtionprédegspr oducts. [00128] FI GS. 6A-G show a cross
sectional view illustrating the steps of a nethod for formng a

sem conductor substrate of the present invention. Fig. 6A shows a |ayer
(40) of porogen plus Si Q2 or OSG on Examp 6 a Iayer of sacrificial

mat eri al s nder neat t hese layers |is alre f abri cat gap
"0t or conne G012l ERSEGAER pLan gt G35 pual 8 wetes b AEECH oo LA aehe: [re,
or OSG | ay@épdsiidh,of a MBidrbn Bk @rrGé@y@fto @tillcon daterc oppesed PECAD t()70) on

[ 20er" o B hobR ! et ol okl WPkl SR e ciedl,
photol it hogmm Ge{GENNLSLESIso hé«f/é Béer Gisadt Q@Ia?@mﬁf&@éfﬂhs depdkited ©h m@ﬁoﬂ he
via |l evel n. be etched @é&‘é crificial g 8@4‘“‘;' n‘% stand

phot ol i t hoﬁ?e l %UQ'%Q:M?F% to ﬁf‘lalnﬂf"ﬁP'& erﬁ?”&' B deyelening ?ayer
(60), conpthesihagoradist, 8gsih differdrt. Si®2dk O8G, prddursdrs Nouldibi¥ed ifsr thdien
deposited as. ,shown in Fi

(7 is then d
oo &%) BRIt IR b arieng Caed the hstoab Bt pallarniy #10evgpen e SIBIPIS VP of
t he copper stapklwagetdnhed i & CFRYAMOB RIE Addess. 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 GeO, dissolved away. A SEM crossection of the
partially dissolved GeQ; sacrificial layer under a porous OSG layer is shown in FIG 9C.
This process could also have been carried out using B,O; or other water sotuble 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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structure Fig. 6F. Finally the porogen and sacrificial |ayers are renoved
as shown i pgoddze y§fs [00129] The single damascene nethod shown in FIGS
7A-7K which allows the sacrificial |layer to be forned between the netal
lines. In this nethod each layer is deposited and etched separately. Fist
the sacrificial layer (30) is deposited and etched in Fig's 7A and 7B. A
copper barrier layer (60), conprising at |east one of Ta, TaN, Ru, Ti,

Ti N, Ti Si Nerelate thbeir gdprpdidredde @r p?dnoumoism thicigh WhichGhp bg+prédiid)s fram theen

deposited by for e electro ti or..electrol ess

oo b e Stseton RuSes  Anolnahedi e irghe S s tnd e PERVD o 7 o
(7E The ;:Od@p]ﬁd |ttoahpﬁdéd:dséés wUI@@;ChWEOUWtRémeJQfUWEKO@r@). whihtatiews e@osi t ed
Fig. 7F) and etche 7G rrl 60 conpri sing at
| east one BYr 'P‘eﬁéﬂng&ﬁaq‘? g’eifffﬁ'aﬂfi%%rﬁ' rqag“’?ﬁ%ﬁ c%' gas shown in

F: g. 7HI Cmma?] (rﬁ@be¢cﬁ1dt§aenrcim;nﬁmemaﬁg;ab>a water @{mb%oglseottumoldmumgwgn or

el ectrol ess atin 0 . (0] the co per an arrier to
ore 2001 amardHott maprR kg Sacriigial ReTREl Java e SKREE AR BRtA o

math eri ?I S eipghdie A dile an® AR fasthehewmf Hbfré:bigndgrﬁetcr[;ﬁ}@&é’s@%sﬁim? f&hicatibn sthow
schenatl Ca ow al or en | Nnes I ng a
o Damraa e et oef eyl Mih GRO: S ErDs iy e T eplan of aiggen wasdpe wet
porogen ( 49énhs||tﬁrlt¢ epwet ﬁrecbsseﬁ 8uch &ubﬁvremtoer@Qtlr@pershOMe%dnTﬁBrgarﬁw%thhef
porogen is, then us silica or a

D oaer ' Rine a0 BRIRHR e chn BeprgleRSh S5 fesq worStren oy MPalimgsts NG

por ous | ayBarrieRDIheasGE&OIRID,i dfeld lﬁnq@eC‘adv’éhfagBQ &@aaaﬁﬁna%baﬁﬁéss‘arm al | ayer
and the porous I_I%a}/ers aée t hen etched using photolithographic techniques

(Fi g 8D E) Mephanied) Ske"HBcessary to use a hard mask at this step in order to

enhance thwoausmn@dn@t%hc@e%bﬁn:&aoﬂfuwl maiéﬁbNWsmd&ﬁ Sbhlcbgidae Jsayer and
anl C

t he photoreS|st peci a if the sacrif] er..is_an or

mat eri al s. ecaﬁeseabﬁ@rseﬁﬁsﬂvq é@tuy%cgfépe {8ba or ér%@?ﬂﬁ"ﬂ@ iehing fqré%ig?'gb‘?féu%f Ta,
TaN, Ru, Ts;ozﬁrrdysdlaﬂdl‘dhelasmtyheaee@ﬁmytcﬁ@ r@ntfeh @Porbls O laydfs; focopper
(70) is then de os;t g Léé{ d{}sag%)f el ectr Iatlr;% or electroless

pl ati ng Fi §@ Uple| FANESOoF -t RRrOL® ﬁg)ct"!ﬁ?d 2y MY 88 IYEI'S pl anar
structure séﬁrmclaﬂbver/@a%rmwgm@rbwé ntfchShibalGarendth @ofnyFabiicinogen (40) is
t hen deposi Eed on to 81 00131lnghe precedi ng descriptions are

i ntended t 8 %def%WBFeﬁt d 25igaireRio Rich Rpessses:

[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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and or layers nmay be needed in order to conplete the integration schenes
descri bed. gdoozpaysAl so be advantageous in certain enbodi nents to include

| ayers, such as: an etch stop layer, an anti-reflective coating, a S 02
hardmask | ayer, a Ti N or other netal hardmask, |liners, barrier |ayers, Cu
diffusion |l ayers, netal seed |ayers, netal adhesion |ayers, carbon

har dmasks etc to assist in the delineation and fabrication of the
structure. CLEMS her exanples would include but not be limted to: hard nask
| ayer, etch stop barrier |[|ayers, adhesion |layers, adhesion pronoters,
stress buf ydaimetch post treatnment, restoration chemistries, sacrificial
| ayers for trech-first of via-first dual damascene etch etc. [00132] The
invention will be il hysbeedkes fomin®ae altefap] thewrddess ebmpasing to the
following Exanples, but it should be understood that the present invention
is not deened t@)pevidiignd §esdtrbteer et 0. EXAMPLES [00133] Exenplary fil ns
were formed via a plasm enhanced CVD process using an Applied Materials
Preci si on- 5000 wsé;ﬁjaﬂtin? acsacHiciamayiex with ac 1éaB dHeadryenic pRatursomentofthé t ed with
an Advance Energy 200 rf generator froma variety of different chem cal

pr ecur sor ssghstrafe: ocess conditions. The CVD process generally involved the
followng basic steps: initial set-up and stabilization of gas fl ows,
deposi tion, and(c)fapogihgvasoripositdliagér wikreaberogen it is e ek feast reysrgatic The

t hi ckness and refractive index of each filmwere neasured on an SCI

Fi | nt ek 20pRciiebt pabpami stleadtohe eliéAcogtain® précUrssrorefyamdsiatatéVAT pl atform
using standard RIE etch reci pes. Photolithography was perforned using a
Kar | Suss Mjiass(08@PredireRRAlo Rk sabStratenamad devel oped using 30 06902ZP USA
standard TMAH devel oper solutions. After RIE etching of the features the

remai ni ng  phot n&sdlyikg BASrgY eMPeedibstfata halidg v edri@amays Rind thd esthposit@0134]
Where applicable, thermal post-deposition treatnent or annealing was

perfornmed lapertd rARRve BBthTBe isaSifidift lver kd)providerdie§apldrd thel@rddenntadernt at t ed
with 4" diameter purged quartz tube with a nitrogen flowranging from2 to
4 sl pm Thgorbagmayer.ate was 13C per minute from25 to 425C. At 425C, the
films were soaked for 4 hours. The filns were allowed to cool to bel ow
100C before renpval fromthe furnace.

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
CnHz,, 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 muitiply unsaturated
hydrocarbon of the general formula C,H .22, Where n is 2 to 20 and where y is 0 to n;

(3) at least one singly or multiply unsaturated cyclic hydrocarbon having a cyclic
structure and the formula C,H...2., 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
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Exanmples 1 through 3 Deposition of Sacrificial Layers Using Organic

Precur sor speddd@p39gaThree exenpl ary sacrificial |ayers were deposited upon
the surface of a substrate via a plasma-enhanced CVD process as descri bed
herein. Table | provides deposition conditions for the three exenplary
sacrificial layers. Table | - Deposition Paraneters of Various Organic
Precursors Deposition Ex. 1. Ex. 2: 1,5- Ex. 3. Al pha- Ex. 4. Paraneters

Decahydr o- cefitaing Bydodychc unsatphtinns nssirmion onametdi #emereosebanct adi ene
(ATP) (Linp) (DHN) (DM COD) Liquid Flow 600 600 600 800 (migm Carrier
Gas 500 sceaipstifienggcm (CO2) 220 sccm 200 sccm Flow (CO2) (CO2) (COR)
Deposi tion 200C 200C 250C 250C Tenp. Chanber 10 Torr 8 Torr 8 Torr 8 Torr

Press. Spacing (4yiakt |dast dribidiiic BidtodaBon haahg aBicysiestiRenss afd thevibida W 600
W 600 W Deposition 8 nmMmn 126 nmMmn 8 nmmn 45 nmMmmn Rate 31

06902ZP USH, Hexanede 4 iepos4.ta aumddr clidatbor® irsthe bidytiid sttuctuiy & fromh Bho a2,
DEMS/ Li no conposite |ayer [00136] A sacrificial |ayer was deposited using

the fol | owangtheedstigast oBdbicyaic Mydrothmon obticndllg cohtais alfliratiyomsinidle 6ar ri er
gas flow, 350 mlli-inch showerhead/ wafer spacing, 250C wafer chuck

t enper at ur ran8hedhydrédsbdRr supsRaRdIontd Pe bigdlicsaenas; to yield a filmwth
the followi ng properties: 289 nmfilmthickness and a refractive index of
1. 568. (5) at least one multiply unsaturated bicyclic hydrocarbon having a bicyclic
structure and the formula C,Hzn.z+2x), Where X is a number of unsaturated sites, nis 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
CiHzn4, 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 C.Hzq+2-2c-24--(OH), 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 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 CrHzq42.24.2/0; 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
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[ 00137] A conposite | ayer was deposited atop the Lino sacrificial |ayer
using the pfgid-pwigg recipe: 800 ng/mn liquid flow (20/80 DEMS/ Linmo nol ar
m xture), 220 sccm CO2 carrier gas flow, 350 mlli-inch showerhead/ waf er
spaci ng 250C wafer chuck tenperature, 8 Torr chanber pressure for 60
seconds to yield a filmwith the following properties: 114 nmfilm

t hi ckness and a refractive index of 1.439. [00138] This wafer was then

coat ed wi t hnsGafd ONdSIH Pk YrudtBRbariEis ibstwethd SRV 6| Pesherd SiidBheduliet SUSS
MA6 contact stepper at 365 nm 12 miWcnR for 1 second exposure. The

pattern wasf éthenindeys inmedstelituirg ahlyibetivebr 3 3hd BhiaAd RAbieaths ethenahiGigel s
then etched using the foll ow ng sequence: first a 6 second high density 02

pl asma to eirepé ekd@nBAsr efldoychi®@! | owed by a 60 second etch using a CAF8/ (2
/ Ar etch recipe which has an etch rate of 140 nmim nute to clear the hard

mask, followed () stlesecaitthydfodaisingrichire?oriiAiag dhe o k€ Bpedy grolss
phot oresist on top of the hard mask as well as etching the sacrificial

| i nonene | ay®haviy faRRinBEI fdimmr!kgrﬁ .%x.%yz@@z whsretien tgaposid Wherdsdigthet he
followi ng recipe: 800 ng/mn |iqui Frow (20/ 80 DEMS/ Limo nol ar m xture),

220 sccm CREmB&T dficgElicdmPs il B¢ strdeldraTand is efiden GARYET RIS thepaci ng
250C waf er chuck tenperature, 8 Torr chanber pressure for 180 seconds to

yield a fihimbétdl uhbgtufatéd BOHdRIn HedRRIChIre 8hd RatRER 0 bAY hhakknree a8d a
refractive index of 1.439 [00140] This structure was then thermal anneal ed

to remove {haeupicP BREhAae drb6ps iHaké binidkiralank 3y Bétwieen f Gndn4, BRd AherediAg -
Scanni ng el ectron m croscope (SEM pictures of this stackand after thernal

anneal i ng bgoxdroyBupIcdr K& SfachBd 3R celie rih@@F Alihediéhafrabri cation of an air

gap using selective etching of a silicon teature began by thermally

oxi di zi ng a bar g oyt Eﬁﬁ%déﬂf?zﬁfocbﬁbdﬂr@mbﬁﬁe%nﬁiﬁh%éh@B_r fdfe AlBehydeF2 / BrF3
sel ective etching. On top of the thernmal oxide a 0.5 mcron thick |ayer of

pol y-si | i cgup¥aad BAAMENtHE donBil orf@EPEHL.YL S, L80RNér: YR tBMRCEREwHSeNRd
silane, other type of silicon such as annrphous silicon could al so be

used. The @Rahy nSmbéeCEty¥RSING8A leBtcBre 89PR%5ERvdEr 0 HRd Blarkl istahds the
phot ol i t hography techni ques and a BCl 3 based RIE process. After “etching
the pol y- shiihB&bruRSatiRMPEGRISSH tHesinRRREEnd B BetlderPd 888, Atbwhétd gt t er ned
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 CoHansz.2024-2:0, 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 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 CoHzn+2.242y-3(O0OH), 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 carboxylic acid groups in the structure and is between 1 and 4;
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poly-silicon feature were then coated with a conposite OSG | ayer using Air
Products' peged ggary Meso- ELK TM spin-on porous OSG process. The stack
was then calcined at 400 Cin air to renove the porogen. The sanple was
exposed to 10 Torr of BrF3 at room tenperature for 1 hour. The BrF3

di ffused through the Meso-ELK structure and selectively etched the silicon
feature. SEM pictures of the air gap forned after selective etching of the
silicon layer usiz)atBabiora ledediavsbn dirublumes Qhtainiag aneesn almbebe used for
this fabrication process. Exanple 6 [00142] Fabrication of an air gap using
a wat er sotarbbgylis aeid groGpstdnd iawdichstha atiddundtibRalith B detig@rasdd todormod cyclit. 2
mcron layer of Ge02 onto a silicon wafer. W used PECVD to deposit the
Ge02 from Med/Gadeaebupdvherb theostalttréd Ravedhe genéranobasiad, P eLIES40s), such as
Ge(CEt)4, could also have been used. A layer of SiQ2 was deposited on top
of the Ge@Retest BU EPShndWhEreORisttife AGhbérof aydiReirmgl iretheatrutiare shifisng TVAH
devel oping of the photoresist, again many different SiQ2 or OSG precursors

coul d be ub&lebAD drdet, a8 iwilerd @isltBé huMber sMeRatuhfted BOARY AN ttribhsie pAt er ned
and devel oped the Si 2/ G2 stack was etched in a CF4/Ar/02 RIE process.

Af ter renmoisadietéert Band®ROsmT WEeretz is heandidber Rk aﬁmR;mrias Ardupe e e® stiletuld SRd cap
can remain or be renoved in a tined CF4/Ar/02 RIE process, in this exanple

the cap wag r@mved in a tined etch. The Patterned Ge02 was then coated
with a conposite OSG | ayer using Air Products' proprietary Meso- ELKTM

spin-on porous (RFaplastsi® hylfRafmrdsicleed @irediningan @alet gRee with A0 C in
air to renove the porogen. After coating with the porous OSG the filmwas

di pped in y&igal fofmlia tQHmZQHJy%%O%mhé\ﬁ nBi1ab12,iaMa viHeee CRRe hurbel yed avay.

A SEM crossection of the partially dissolved GeQ2 sacrificial |ayer under

a porous C&felit AMGs inlthe ShoMlrel dhdfé Setieen CTaHdN4, RhWARFe ¢ RUthe namber drave been
carried out using B2G3 or other water soluble netal oxide materials as the

sacri fi ci alinggiratdd®onds inBe 3trattlitd, ahd WRBRIRorlel8 IS linsEGateadngs agy of the
present invention was successful in fabricating air gap structures using

three diff esrfijatsd@ith tHeCdaboryRgRUp af the BB, did WherdB1i8 tHeAhuriBst oR ahriie
organic sacrificial material, which was the sane |abile material used to

create porggupéin thBetrEatuRUsHdIS® drayer, this unity allows for the creation
of the structure. By using the sane material as both the sacrificial

material and t heispaf REstbnetHardtamRnEEEMdresCébniifng 6R eldIe fukesshdigr both
| ayers, and one anneal ing step could be used to both
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 CoHznsz.2¢24-22(02);
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 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 CnHzn+2.2-2¢2/(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 @ and

n, and where y is the number of carbonyl groups in the structure in which the carbonyl
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33 06902ZP USA create the air gap and create the porous OSG t hrough which

t he by-progsgdﬁpflgﬁmthe air gap creation diffuses. Another advantage with
this process was that the PECVD deposition processes could be carrier out
at tenperatures >2500 C, which allows for a nore dinensionally stable
sacrificial material relative to a spin-on polyner. [00144] The second
sacrificial material was a water sol uble Ge02 structure. Using an

i nor gani ¢ gwiuprcadbed@tdnes afaer allehydds, ad whérelz ig hveendrhisersif ethet grozipsdr e
mechani cal strength and allowed for the use of nore standard etch

processes tha dtietukalbnd Bat 6ra2) apll whHehethtathistigiduih(s)Qa@ tdi dridocydiit yor ekddyci@e02 or
B203 in the fabrication of air gaps was the sensitivity to wet processes

such as: devel opem st leabt drikitBidfocafBondeetirdd ohtanidg 6M. ethér aridnscdBolO2/ 8203
structure can be protected fromthese processes by hard masks or Cu

barriers, funeforat§dubeand ablieg helgundrs FGHENRNCHILS o, AUOH)RON Mer@h is 1 to

robust ness and nechanical strength. [00145] The final successful

sacrifici ah2 reidedheré wi sheshirhBébf ctlicirpgs ity lstubtareianiis befastnsearaf 4.t he
selective nature of the XeF2 or BrF3 thermal etching for silicon versus

Si 2 or OSgnd #Rerebie titdhlimbar dfanstneséd b@ilg i thesstiidtipe Bndfs RAWERISO 66>
| ayers, for exanple using PDEMSTM or Meso- ELK porous dielectrics. Again,

using an i AodraRwhdre ySeeHd iunshetlof hidyIRdl geR)R i e Sifucled, Wnd wiiez ieeBani cal
strength during fabrication and allowed for nore standard ani sotropic etch

processes. nliBddt lettdiighsupshe tHesteiur® BndRS1 e AN &fefé thedkthdr giglids) caand
with reference to specific exanples thereof, it wll be apparent to one

ski |l ed i npé BRdédytlid draxow@dicous changes and nodifications can be nmade
therein w thout 5eparti ng fromthe spirit and scope thereof. 34 06902ZP

USA CLAIMS Vé(@)at BastlonefyRFitafith dttturéd cBntaniag any Eo@bipatidrhel process
conprising: (a)providing a substrate; (b)depositing a sacrificial |ayer
with at | effkticHaegRuBaBbIectel HoH SRfolRMifY stalcohah BtHert ®rbony), and
carboxylic acid and having the general formula CpHzn+2.2u-2v-w-2y-3:( OH)W(O){C},{OOH),
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 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;
(19) at least one hydrocarbon structures containing one or more primary amine
groups and having the general formula C,Hzn+2-2¢2y(NH2), 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 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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(c)depositing a conposite layer with a porogen that is the at |east one
organi c pbﬁ@dﬁﬁﬂ{lijn (b) and at | east one silica-containing precursor or
organosilicate glass(0OSG precursor onto the substrate; and (d)applying
energy to the substrate having the sacrificial |ayer and the conposite
| ayer to renove both the sacrificial layer to provide air gaps and the
porogen to forma porous layer. 2. The process for formng an air gap in

Caim1l, wherei(pd)hkeleabt drkA%drébatbonstlRirSs Sirkditing Ohe ioB nithe b&wmtiagne member
selected fromthe group consisting of: (1) at |least one cyclic hydrocarbon

havi ng a cYfiineCgrlips/shdhavir felgefelaPforlia &Hzﬁ%_zylzz(wm;méreinsﬂt@ 9214, a
e

nunber of carbons in the cyclic structure is ween 4 and 10, and the at

| east one gy&Wwherd WEIRE AIMBBEr GTRYEIRNMHGE Yn HRSidtiife andisWebledry0 aid &) 4R e or
branched hydrocarbons substituted onto the cyclic structure; (2)at |east

one |i near whkrddf B8NS BEMbERI UNahtBhteSboritls)in Ble Sthiichir® bid i ctiveérab afd n,
hydr ocarbon of the general fornula C' H(2n-2)-2y where nis 2 to 20 and

where y i safd et z istRe ndhbéresiskbcontRns AMble)yrélipsTH @irbc{?dmﬁabﬁﬁaé ed cyclic
hydr ocarbon having a cyclic structure and the formula C, H2n-2x, where X is

a nunber obetweAtWRY£AnaivHRes the drfind frktionkfity cinBe®er afd/cEérndiepdici n t he
cyclic structure is between 4 and 10, and the at | east one singly or

mul tiply UnsatU(ﬂ%%ﬁ!eﬁ&!ﬁéﬂ%ﬁ&éﬂaﬂ%@?@i&tu@ﬁé&ﬁ@hih?pﬁ@@?ﬁidﬁ§te@ti i ty of
si npl e or branched hydrocarbons substituents substituted onto the cyclic

struct ur e, gjufs ARd REARG 412 4épRra %Phﬂild‘@nl-%ﬂg.g&%{&dhi)QWH&%&HQ'1 & 1 2ardrwhere x
Sups

unsaturati on on one of the hydrocarbon Ituents; (4) at |east one

bi cycli ¢ hkdtheaambencfti¥lidvhgd iR tHeVsthucfurs bhd' &l BEtReaNd ahdia, ARd Whére y iSmd2n- 2,
where nis 4 to 14, a nunber of carbons in the bicyclic structure is from4

to 12, anfumber ditunkeefdte®BEndRi if Y struchire bAE & RANeOPD AR A| hiyd wASHea i8S a
plurality of sinple or branched hydrocarbons substituted onto the bicyclic

struct ur e; tHeSunier lof Ftarp BMinEGrblpd i th'é‘ééi’hf%tﬁfd@@n@i@wgﬂﬂéén Ryshdat ahgon

having a bicyclic structure and the fornmula C' H2"-(2.2x, where x is a

number of yRER! HE ahftk RinE@halit) caf bé dx8- addler ehdokydagr of carbons in the
bicyclic structure is from4 to 12, and the at least one nultiply

gpsat urated bi cysl)iafieR¥CERARIRArIMN dU0RIrd cEiRilhiRg Bie dr Rl Altrbigrouls sinpl e
and having the general formula C,Hznz.2¢24-2{NO2), 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 zis
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 CyHan+2.20-2v-w-2x-ayz{ NH2)W{NH)}x(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;
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branched hydrocarbons substituents substituted onto the bicyclic structure,
and cont apggopdesxcl i ¢ unsaturation or unsaturation on one of the
hydrocarbon substituents; (6) at |east one tricyclic hydrocarbon having a
tricyclic structure and the formula C' H2"4, where nis 4 to 14, a nunber
of carbons in the tricyclic structure is from4 to 12, and the at | east
one tricyclic hydrocarbon optionally contains a plurality of sinple or
branched hydr oc@4hanigastudethydrdcarbonrstraciubies awWg eotls bmiret andegleghb) at | east
one hydrocarbon structures containing one or nore al cohol groups and

havi ng t hefugen@iahfrolps having e ddderal fatmulyCHo(bD.2, WS ENHL)I(BIHL(NRYAR), and
where xis the nunber of cyclic rings in the structure and is between 0 and

4, and whewheie ri i81td@2, andiiesre afis thesaimbeabedydioriags innthé Bieuctiirewsidug e and i s
between 0 and n, and where z is the nunber of alcohol groups in the

conmpounds bétdlees Okgidwe and whardy &, the Admblesfansaieratéd bowdsl in thengttuceumralbhéy can
be exo- and/or endocyclic; (8) at |east one hydrocarbon structures

cont ai ni ngistreexan Oraneneiritbwhere QB shangmbéradfipiithahhempergoadds, kel a C'

H2" . 2-2x-2yO, where nis 1 to 12, and where xis the nunber of cyclic rings

i n the struehbérofascoridanbamiveeiodbsand the namberbideriayy arminkheoupsibed of 36
06902ZP USA unsaturated bonds in the structure and is between 0 and n, and

where z i swhére Ruwsey<4, Gindeiheed z |9 th agabet of dther grbuipstih Whiecanpbund dndtisveen 1
and 4, and where the ether |inkage(s) can be exo- and/or endocyclic; (9)

at | east ob&twbgalneRdrdand Wherche etser aatioRhminkiyromss &in HER-aper de groups
and having the general formula CnH2n+2-2x-2y-2z0z where nis 1 to 12, and

where xis éfdbeytlighded 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¢25aaticuéterne Hydictarbdonestrotikey havingeiRex askhediraURsbdnyl t he
structure and is between 1 and 4, and where the epoxide groups can be

attached tfungtishegiotps hadn®thedgdners &SrmelReC M,,.649)... A, L(RRS (RN D5, 0car bon
structures containing one or nore al dehyde groups and having the general

forml a CniRiredrigXn-t8y2,2mdavimie Les theirfumbet 6f dydlic Afgh MR Sructureantilie nunber
of cyclic rings in the structure and is between 0 and 4, and where y is the

C\E rertr)gr Zo:‘ Swtwaénl Dainad, BAd WBerd ishRe AlMDEHT o UPsADFteE bORISVE @ik frirffle Bnd 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 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, 1,24-trimethylcyclohexane, 1,5-dimethyi-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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t he nunber of al dehyde groups in the structure and is between 1 and 4; (11)
at | east opegodpruiriggAr bon structures containing one or nore ketone 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 4. bet Waeproceas fbr formividarmbie gep in@laink &1 farteergrooypising ofan be
exo- and/or endocyclic; (12) at |east one hydrocarbon structures containing
one or nor pattsxningxybyer safeictbd fghotheggramsicdraisting of the sgernfizllaybqrtinell a
CnH2n+2- 2x- 2y-3z(0O0H) z where nis 1 to 12, and where x is the nunber of
cyclic ri ngsmpaositehayes!the pbrous Ided ahé chabiwationsGheredf. 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 carboxylic acid groups in the structure and is
between 1 and 4; 37 06902ZP USA (13) at | east one hydrocarbon structures
contai ni ng an egen nUh®erocebs fob farimingy/an &ir §ap th Claiow Pswiserdini the dpasitichbef aci d
functionality is dehydrated to forma cyclic anhydride group where the

st r uct ur estheasserifidiet |fy@n anathef @nposie @yeRarebotixvia thém(caByapor dlggsitionsi S 1 to
12, and where xis the nunber of cyclic rings in the structure and is
between 0 @wb@¥, 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 anhydride
groups in the structure and is 1 or 2; (14) at |east one hydrocarbon
structures containing an ester group with the general formula

CnHzn+2- 2x- 2y- 2¢( O2) Thavbricessfar Sordnirigdrlair gaslinvdiging 1 xviserbin@hé defpssitions of
cyclic rings in the structure and is between 0 and 4, and where y is the
nunber of thersatifiviaiiBer bedthe dompjosite BivetareWoth via pthswcsrhanefbciiimitdie
unsaturated bonds are conjugated with the carbonyl group of the ester, and
where z i svdgee depedinsqPEGNDYdri de 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 formul a Odprotdsfor Bymig( 4237 gapunetigimi 1, whekeihQhd gacrifibidl Wher e X
is the nunber of cyclic rings in the structure and is

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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between 0 and 4, and where y is the nunber of unsaturated bonds in the
structure gﬂgmzbanAeater than or equal to 1, and where at |east of the
unsat urated bonds are conjugated with the carbonyl group of the ester, and
where z is the nunber of ester groups in the structure and is 1 or 2; (16)
at | east one hydrocarbon structures containing both ether and a carbonyl
functional groups and having the general fornula CnhnHzn+2-2.-2x-2y(Oy(O) z
where n is 1 t010.12, TROGroMess Rr Voriving ditaingaprrClgim ¢ywehdreinrthegsergp irt the
structure and is between 0 and 4, and where x is the nunber of unsaturated
bonds i n t Bsplyind Bebultis aRdiltrFidmsttiigeen 0 and n, and where y is the nunber
of carbonyl groups in the structure in which the carbonyl 38 06902ZP USA
group can be ketones and/or al dehydes, and where z is the nunber of ether
groups in the structure and is 1 or 2, and where the ether group(s) can be
endocyclic or expcycirhé procedsfor Brmirkpat aiPgap MYCIARE 80, MeHersih the ppl@ng

contai ning both ether and al cohol functional groups and having the general

fornul a Cniidp{dyig peddmedban Likravibret RyHt pbeerdisti®thelrdngebith BD00 WL ars t he

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

X i's the ngRphéic cohaRioHIS$ARECOOHES the gidi cohsibigisfendH) dxid&inyednteen 0 and
n, and where y is the nunber of al cohol groups in the structure, and where

z is the fédii]biﬂ?; OlenfPdi@ureds MPS rhiyd Sranmbieéntas B0E° @aAd bp ekpsur@timamglinwher e
the ether group(s) can be endocyclic or exocyclic; (18) at |east one

hydr ocar bomesgﬁs?fg:@w,@ﬁnmg@taimiHa,g,-g';my conbi nati on of functional groups
selected fromthe following list: alcohol, ether, carbonyl, and carboxylic

acid and having the general formula
CnH2n+2- 2u- 2u-w2y-3z(OHWM O x(Oy(OOH) z where n is 1 to 12, and where u is

the number of CYE.”CTﬁéPﬂﬁ:eE@fpo? AEAiHESp AClain$ 1, WesraRane Bnédg inftheand
where v is the nunber of unsaturated bonds in the structure and is between

0 and n, aashiyhesRp\d) i§ thethanerwdpgy. of al cohol groups in the structure and
is between O and 4, and where x 1s 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 amgl i sTREbWRESs fr Atehing Arair ?ép pcibie 1 2 avhes thdaspangan be

ketones and/or al dehydes, and where z is the number of carboxylic acid

groups in &fag (§tis Beksmedamtbn $pleesrBedindné Rthgéiof 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.
18. 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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(19) at | east one hydrocarbon structures containing one or nore primary

am ne groggsoxpdygAavi ng the general formula CnH2n+2- 2x-2y-z(NH2) z where n
is 1lto 12, and where x is the nunber of cyclic rings in the structure and
is between 0 and 4, and where vy is the 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 1 and 4, and where the am ne
functional ity ca6. beTh&@rocassfo foraiwipary air gap in3Clabe 9 GaEier OShp(id0y at | east
one hydrocarbon structures containing one or nore secondary am ne groups
and havi ngrdpeetigpesteps(a)f( oy atuéast Chéitlime Tordnaldyg Bw(tiddekstniotures.n is 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 unsaturated bonds in the structure and
is between 0 and n, and where z is the nunber of secondary am ne groups in
t he conpounds and. i s Theetowesnfot fandhglan aindamimeClaint he, fartherecomprisinghal ity
can be exo- and/or endocyclic; (21) at |east one hydrocarbon structures
cont ai ni ngfilbmepores irothe doesusi layer. ami ne  groups and havi ng t he general
formul a CnH2n+2-2x-2y-sz(N)z where nis 1 to 12, and where x is the nunber
of cyclic rings in the structure and is between O and 4, and where y is the
nunber of unsaturated bonds in the structure and is between 0 and n, and
where z is the18unb@he pfodess for famphimnamair gap npSlainm 17 the @ling protdss and i s
between 1 and 4, and where the amne functionality can be exo- and/or
endocycl i cpeff@meddy fililgihe pores MtHrossyrhieabls orgticsetiesavlich cinige attigaled nore
nitro groups and having the general formula CnH2n+2-2x-2y-z(NO2)z where n
is 1 to 12tovands pélgnherizatios. 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 is the nunber of nitro
groups in the conpounds and is between 1 and 4, and where the nitro
functional ity ca® beAgtocessner iormiagancigapcthe(pedesaicompeasihg:one hydr ocar bon
structures having both am ne and ether functional groups having the
gener al formul a(dpid@iaing 2subdtrat:; 2X- sy-z( NH2) W NH) x(N) y(OH) z where n is 1
to 12, and where u is the nunber of cyclic rings in the structure and is
between 0 and 4(b)depuditwher acvfidial ayee comphsing eiicanisat urat ed bonds in the
structure and is between 0 and n, and where wis the nunber of prinmary

am ne groups, X{d)degdsitingndepiposite R§EONIRSA Yorogen and at least one silica-containing

precursor or organcsilicate 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 BrF,.
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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am ne groups, y is the nunber of tertiary am ne groups, and where
1<wx+y<4, pgagbzpeae z i s the nunber of al cohol groups in the conmpound and
is between 1 and 4, and where the al cohol and/or am ne groups can be exo-
and/ or endocyclic; 40 06902ZP USA (24) at |east one hydrocarbon structures
havi ng both am ne and al cohol functional groups having the general formula
CnH2n+2- 2u- 2v-vJ- 2Xx-sy-zZ( NH2) W(NH) x(N)y(OH)z where n isl to 12, and where
u ijs \/\;1 he nunber 2pf csrhbipﬁode?@gﬁférmiﬁdﬁm sfrgupgmairﬁmg, wisereinahs\eep (é))dian_d 4,
an ere v i.s the nunber of unsaturate nds in the structure an is

bet ween 0 Bﬂ%“rﬁle%m%wsrﬂwfﬁés @ﬁ%{'}?ﬂr’?‘ggr 8of primary anine groups, X is
the nunber of secondary ami 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 in
the conpound and3is Thebpvaess for farthing armaid gad iy ©latnh @9 etiereinanel sadrifiaial ne
groups can be exo- and/or endocyclic; and (25) at |east one hydrocarbon

st r uct ur esldyavcongpristrigpalyrsikeorasrcams@pheusydilicohunct i onal groups having the
general formula CnH2n+2- 2u- 2v-w 2x-sy-2zZ(NH2) W NH) x(N)y(Oi 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 nunber of unsaturated bonds in the
structure and 4. beTheerod@safud farmirngh WwhgaeirvClain 1 8 eurtherbempadingr i mary

am ne groups, X is the nunber of secondary am ne groups, y Is the nunber
of terti ar formingnn ¢tivsp layento proteet thelbasedayky sfitheadtsthiere 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 where the
carbonyl and/or am ne groups can be exo- and/or endocyclic. 3. The process
for form ng an aér gape brocekafomickmint @t &t Hap MeClaim b4 ashierdine@he o1ch3ipC
precursor is at |east one menber selected fromthe group consisting of

al pha- ter piyacisa, SiD, Bysefemed Yial todrenaiip exidiking, alsilidconn®ibbyatey cl ohexane,
1,5-dinmethyl-1,5- cyclooctadi ene, canphene, adamantane, 1, 3-butadi ene,
substituted di enes, decahydronaphthel ene, 1,5-cyclooctadi ene, cyclooctane,
cycl ooct ene, norbornadi ene, 5-Ethylidene-2-norbornene, cyclopentene oxide
and cycl opent anpge. ZFhe PrfRSgs fdr ¥pMing an air gap in Claim 19, further comprising of

patterning a layer selected from the group consisting of the sacrificial layer, the

composite layer, the porous layer 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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4. The process for formng an air gap in Caiml1, further conprising of
pat t er ni ngpgodPesael ected fromthe group consisting of the sacrificial

| ayer, the conposite |ayer, the porous |ayer and conbi nations thereof. 5.
The process for formng an air gap in Caim1l, wherein the depositions of
the sacrificial layer and the conposite |ayer are both via chem cal vapor
depositions (CVD). 6. The process for formng an air gap in Caiml,

wherein the depggiti gRe pﬂfoes“&ﬁﬂﬁ'ﬁﬁﬁg' an &ir ghp Ire@aim a9 dviidiginaReeesyy i thayer
are both via plasma enhanced chemi cal vapor depositions (PECVD). 7. The

process fopppighgsiep (@Nindlubiedailesdt okk dkctbd fitheihi droldeorsRting bf &patticlesayer
and the conposite layer are deposited in one chem cal vapor deposition

(CVD) st eF—pa&icIéEh?—r@fs?Q@éﬁs,h@h dn@Fdy dMktRn, alebtrdPednt, Vidisle YRt infBrRdei n t he
sacrificia | ayer and the conposite |ayer are deposited in one plasna

enhanced chghtl @RtowRRFrequE R0 Fddid-BBqUdTR:\IRsAd, &hd Bmbiitions Peesus. f or
formng an air gap in Caiml, wherein the energy in the applying step (d)

i ncludes at | east one selected fromthe group consisting of a-particles,
(3-particles, y-rays, x-rays,_ high energy electron, electron beam visible
light, infrared3'igfihe PFﬁC@P%Wéwﬂvﬂge%fhg'ﬁe% i Glainy 19 Rieindhe eppra iethe and
conbi nations thereof. 42 06902ZP USA 10. The process for formng an air gap
in O ai m 12PRIHBY sten (Fhis adddrapicletliohhe  applying step (d) is an ultraviol et
light. 11. The process for formng an air gap in Caim10, wherein the
applying step (d) is perfornmed when a ultraviolet Iight power is in the
range of 0 to 5000 V\ﬁ_ an atnpspheric condition is selected fromthe group
consi sting of iRAfrt, 'BXPERCEFHEPr ENTING FHAEORRY N Eate dhevhrreipdhe @PRIYINg he r ange
of anmbient to 5000 C and an exposure tinme is in the range of 0.01 m nute
to 12 hour 8teP{9)is padormedoshan anl/Vingwer fsgn i range ghR ta sPATY; A #IMARRBRES n t he
energy in the applying step (d) is thermal energy. . 13. The process for
form ng anC@idtiagdp spligcted fiom the drottresasistiagef inpib Pidigng 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.

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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step (d) is performed when a pressure is in the range of 10 ntorr to the

at nospheri ggggdzgsigghae; an atnospheric condition is selected fromthe group
consisting of inert, oxidizing and reducing; a tenperature is in the range
of anmbient to 500 C and an exposure tinme is in the range of 0.01 mnute to
12 hours. 14. The process for formng an air gap in Caim1l, further

conprising of filling pores in the porous layer. 15. The process for
formng an air gap i Mh&pricasd fbor farhend an hir ggp v Olaims 35, the filieg prxcasslisby
filling the pores with a polym zabl e organi c species which can be activated

towar ds popwidtrieddlyi filling tHS pOe8 AathR piiAnikéble Drganio speefes which daor e adivatedai r
gap in Claiml further conprising repeating steps (a)-(d) at |east one
time for newands palyrhetigitieh. structures. 17. The process for forming an air

gap in Caim116, further conprising of filling pores in the porous |ayer.
18. The process for formng an air gap in Caim17, the filling process is
performed by filling the pores with a pol ym zabl e organi ¢c species which can

be activated tgnar dTheetasaes for édrony arl 8ir gdp r Olaies $9 furthel comprigingan ai r gap,
the process conprising: (a)providing a substrate; (b)depositing a

sacri fi ci arepeatity stepsi(8) 4tdeast bhe Ome féronaidpg miltilawg! struoturpssi te | ayer with
a porogen and at |east one silica-containing precursor or organosilicate
gl ass(0OSG precursor; (d) applying energy to the substrate having the
sacrificial |ayer and the conposite |layer to renove the porogen to forma

porous |ayer; agg. (eraepiaets ftg fdriingadaik yap i dlalnh 89, fuhikerserdrisingiodl | ayer
and the porous layer with a fluorine containing reagent under reduced

pressure campedperesin theforsisngydrhr ough the porous layer to selectively
remove 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 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 polar sclvent 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 crganosilicate 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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containing reagent is a gas selected fromthe group consisting of HF, noble
gas hal i depggpdApi @gahal ogens, CIF3 and m xtures thereof. 44 06902ZP USA 22.
The process for formng an air gap in Caim19, wherein the step (e) is
performed when tenperature is |ess than 1500 C. 23. The process for formng
an air gap in Caim19, wherein the sacrificial |ayer conprising
poly-silicon or anorphous-silicon. 24. The process for formng an air gap
in Caiml19 furtgher Theprocessfpr fdrating Avaidfasirchlatn ap, winsreinh thodpsasit@atoft he
base | ayer of the substrate. 25. The process for formng an air gap in
A ai m 24, waipeleisolvemtesoribimatadxidé ay@fficiablagerSh (8 dnateé désdsitRm ofiaa t hermal |y
oxidizing a silicon substrate. 26. The process for formng an air gap in
Claim 19, tompbete IS@IRT %d_?)la_ﬂﬂviﬁfa procdsk @ElRcRd fRom tejrogeteistiflg bf #m t he group
consisting of the sacrificial layer, the conposite layer, the porous |ayer
and conbi nekdmiosl vaber @positidr, spiien nb&xrr?.saipfd@étirﬁgaém mist @8p@ditiongap in Caim
19, wherein the deposition of a sacrificial layer in (b) is via a chem cal
vapor deposition. 28. The process for formng an air gap in Caim19,
wherein the deposition of a sacrificial layer in (b) is via a plasma
enhanced chemni cab. vaphe perpesidr f@ming i dPYyap in2Slaind be, wiie?6ifd5e polar §alemit Ng an
air gap in Gaim1l9, wherein the deposition of a conposite layer in (c) is
via a procesiableerasitmpecdrsding & ?_@rrﬁérﬁ&rﬂ_(GQﬁﬁaééﬁlﬁﬂ@c@éor@ﬁ%fﬂo%ﬂ (B)\wased
deposi tion, spin-on coating, dip coating and m st deposition. 45 06902ZP
USA 30. Therepuer sipdiies pdiar s6ivedt 8slule metaioxide sdcafidialldser WeGeD) Idyerorener gy
in the applying step (d) includes at |east one selected fromthe group
consi stingegab, laygrarticles, (3-particles, y-rays, x-rays, high energy
el ectron, electron beam visible light, infrared 1light, mcrowave
frequency, radio-frequency, plasma, and conbinations thereof. 31. The
process for formng an air gap in Caim19, wherein the energy in the
appl ying step (43. i STR& ptdcks@for BrRfind drddit gaps . CIARCARNVARRSIA thdgerhhiing an
air gap in Caim31l, wherein the applying

(Ge) based precursor 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.

48. 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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step (d) is performed when an UV power is in the range of 0 to 5000 W an
at nospheri ggggeepdighon is selected fromthe group consisting of inert,
oxidizing and reducing; a tenperature is in the range of anmbient to 500 C
and an exposure tinme is in the range of 0.0lmnute to 12 hours. 33. The
process for formng an air gap in Caim1l9, wherein the energy in the
applying step (d) is thernmal energy. 34. The process for formng an air gap
in Caim33, wherein the applying step (d) is perforned when pressure is
in the range of 10 nmorr to the atnospheric pressure; an atnospheric
condition is sefrct etthé besdfor ity msi};@ infClaivi 40, Fartiier comprising iohg and
reducing; a tenperature is in the range of anbient to 500 C and an

exposur e t paterhifg bNaydieelkalgdropt the.didupitdndisting of the sherificial 1a36r, tHdie process

for formng an air gap in Caim19, further conprising of filling pores in
t he por ouscdraysyite |d@r, 06O PBdls 458r 3fd cdhBinaticdeansredr formng an air gap in
Claim35, the filling process is perforned by filling the pores with a

pol ym zabl e organi ¢ speci es which can be activated towards pol ynerization.
37. The process for formng an air gap in Caim219 further conprising

repeating steps4§.a) - (8s pRicesR$ for@iey 4n émgég)rn CrBi 4G Whdréih ey ehergy nlBé ur es.
38. The process for formng an air gap in aim 37, further conprising of

filling posgsyihgslepedpnciodss dtayst ond Belediad fdhPHe YFododonkRIinG Blo-partidles, gap
in Caim38, the filling process is perfornmed by filling the pores with a

pol ym zabl g-paftigra] f—r@@?ﬂr@%, Wiah @heg@reidtiron Cleatrdnasbant, Qivittet lighty vBbiezat i on.
40. A process for formng an air gap, the process conprising: (a)providing

a subst r at gjht,(iNr4te@aght! nt@owavediejueRey, Yadb-freglieHdlyethBRha| plagrhgearracr i fi ci al
| ayer with a netal precursor; (c)depositing a conposite |layer with a
por ogen angbrabinitRasttharasf. Si | i ca-contai ning precursor or organosilicate
gl ass(OSG) precursor;
49, The process for forming an air gap in Claim 40, wherein the energy in the

applying step (d) is an uitraviolet 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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(d)applying energy to the substrate having the sacrificial |ayer and the
conposi te pggei hgarenove 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 the sacrificial layer to formair gaps. 47 06902ZP USA 41. The
process for formng an air gap in Caim40, wherein the deposition of a
pol ar sol vexdiznglanbredutirigih tempéeatsaw intheiaabe ohs@bientto(300° Enwhdtame
deposition of a conposite layer in (d) are via a process selected fromthe
group consegios0g the B in iEeRingebf V.8PRINuEEROR figupsl, Spi n-on coati ng,

di p-coating and m st deposition. 42. The process for formng an air gap in
Cl ai m 40, wherein the polar solvent soluble netal precursor is a gernmanium
(Ge) based precursor or a boron (B) based precursor; and the polar solvent
sol ubl e netal oggde ¥B&pidcess R faritey ar &ir gafRORainay @ futiieraonidfibig loayer. 43.
The process for formng an air gap in Caim42, wherein the germanium (GCe)
based pr ecfiligPpores irbBegRt®R@ [Ayepm t he group consi sting of tetramethyl
germane, gernane, tetramethoxy germani um and tetraethoxy gernmani um and
the boron (B) based precursor is selected fromthe group consisting of
trimethyl boron, trinethoxy borane, triethoxy borane and di borane. 44. The

process for forping FAe prdcesdfor Famridgearmaif §ap INEIaI B3 tthe fileg procesd ent i n
step (e) is selected fromthe group consisting of al cohols, ethers,

het er oat onpergfiiedibyifilitigTRe Férek Sth :A5dlBhiSablé ©FRMRSspedicd hichesandiadiivatedr es
thereof. 45. The process for formng an air gap in Caim40, wherein the

pol ar sol vejlardd polghéizatien. i s water. 46. The process for formng an air gap
in Caim40, a surfactant is further added to the polar solvent to
facilitate the diffusion of the polar solvent through the porous
dielectric layer. 48 06902ZP USA 47. The process for formng an air gap in

G ai m 40, furthgs, comrs pricBSs % forming an air gap in Claim 40 further comprising

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

filling 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

precursor,

50



patterning a |l ayer selected fromthe group consisting of the sacrificial

| ayer, thegg ghe layer, the porous layer and conbinations thereof. 48.
The process for formng an air gap in C aim40, wherein the energy in the
applying step (d) includes at |east one selected fromthe group consisting
of a-particles, R-particles, y-rays, x-rays, high energy electron,

el ectron beam wultraviolet light, visible light, infrared |light, m crowave
frequency, radi g)ééRmuRgeYconigtRieRlyer RIRE @arofan%at@mﬁimwrisewanﬁéwb@f . 49.
The process for formng an air gap in Caim40, wherein the energy in the
appl yi ng shiial oslideirs (92ant lat lca¥i sHetdilidal@htainib® prebhBoPbpegaRodiREte Or mi ng an
air gap in Caima49, wherein the applying step (d) is perfornmed when an

ul travi ol eflabs@BGP¥&GIrsdrs i N the range of 0 to 5000 W an at nospheric
condition 1s selected fromthe group consisting of inert, oxidizing and
reduci ng; a tenphesitsdtRigl the isDbéthfe havigg thé saﬂﬂic@ﬂlagbpaﬁ@%&c@ﬂﬂos’it@ |aydrosur e
time isin the range of 0.01 mnute to 12 hours. 51. The process for

form ng anwphra gy sdlvért 3 RRMidve RSP RbIEr REFORNET Bdrolis IdvRE and@BPkethd\@ Sleep
(d) is thermal energy. 52. The process for formng an air gap in Caimb51,
wher ei n t headtiipial lapér to $érAPait §apd. s 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 06902ZP USA oxi di zi ng and
reduci ng; a tenperature is in the range of anmbient to 5000 C and an

exposure time iggin trhe_prcﬁt;es@fdafforﬂwi@gammgaﬁir{@aﬂrﬂs_@,we&einwe ddpRitRh@Fess

for formng an air gap in Caim40, further conprising of filling pores in
the porousalpaiesolvert-solibfe MERFE%8e _EQ(fri_fiEiﬂflﬁké}gn% aMdrth&aBpdshtidal diam 53, the
filling process is perfornmed by filling the pores with a polym zabl e

process for formng an air gap in aim40 further conprising repeating

steps (a) - timidhl VapasSdepRftioh) pi-bR LodtHgl Big-dﬁﬁhﬁd[ bRy fist abpokiior €s. 56. The
process for formng an air gap in Gaimb55, further conprising of

organi ¢ speshpssitehhyeh it &) ah@viaa_tdra%sg@eletzﬁwﬁtrﬁcgrumédr%&ih@Bfa55- The

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; layer.

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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filling pores in the porous |ayer. 57. The process for formng an air gap
in Caim5@gaddy skl i ng process is perfornmed by filling the pores with a
pol ym zabl e organi ¢ speci es which can be activated towards pol ynerization.
58. A process for formng an air gap, the process conprising: (a)providing
a substrate; (b)depositing a polar solvent soluble nmetal oxide sacrificial

| ayer with a nmetal precursor; 50 06902ZP USA (c)depositing a conposite

| ayer with a poédgenThéptodess fondorpirigpan siohse i Clainh 68, wheraiattiad polar skdventt (b)
and at | east one silica-containing precursor or organosilicate glass(0SG
precur sor; in(si@e () tiswhieng t he substrate having the sacrificial |layer and the
conposite layer wth a polar solvent to renove the porogen to forma
porous | ayer and to renove the sacrificial layer to formair gaps. 59. The
process for formng an air gap in Caim58, wherein the deposition of a
pol ar sol vent seé#ubl Fheptadesofar demiraran bir gagin Claine 68, asyrfactamn b fuliesr
deposition of a conposite layer in (d) are via a process selected fromthe
group consaddedg tied palar sdheanit tafachepothedifiieiont éfane pslpr sohemt toangmihe

di p-coating and m st deposition. 60. The process for formng an air gap in
C ai m 58, pbeueidielddric lagdrar sol vent  sol uble netal precursor is a germanium
(Ge) based precursor or a boron (B) based precursor; and the pol ar sol vent
sol ubl e netal oxide sacrificial layer is a Ge02 |layer or a B203 |ayer. 61.
The process for formng an air gap in Caimb58, wherein the germanium (Ge)
based precursorgss sTheptwess fopfariivg) &V aivpas tnClaih 68 JFuahertairprisiy oy |
germane, gernmane, tetranmethoxy gernmane and tetraethoxy germaniunm and the
boron (B) pasefingRriggsiseritedSropetreairedp Eoramsting of theaapriftia $dyet,ithg  of
trimethyl boron, trinmethoxy borane, triethoxy borane and di borane. 62. The
process f otorhpdsitengyenth@ipbrauid fayieh akd abmibn8tionsitRérebh the pol ar solvent in
step (e) is selected fromthe group consisting of alcohols, ethers,

het er oat om

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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contai ning nol ecul es, esters, ketones, aldehydes and m xtures thereof. 51
06902ZP US@GQ@ZZPT(]gApr ocess for form ng an air gap in Caimb58, wherein the
polar solvent in step (e) is water. 64. The process for formng an air gap
in Caim58, a surfactant is further added to the polar solvent to
facilitate the diffusion of the polar solvent through the porous
dielectric layer. 65. The process for formng an air gap in C aim58,
further conprisizog ofThe paddess forfgrming ay air gaplireClaid 6D/ thafilling pencespis
consisting of the sacrificial layer, the conposite |ayer, the porous |ayer
and conbi npeifernsedtbyeirgfthe Pores With PpsIgaRabIE @rgdrid shatibsavhiet targiadtivatedai m

58, further conprising of filling pores in the porous |ayer. 67. The
process f otoWapdspsigmanzation. gap in Caim66, the filling process is
performed by filling the pores with a polym zabl e organi c species which can

be activated towards polynerization. 68. The process for formng an air
gap in Claim58 further conprising repeating steps (a)-(e) at |east one
time for making multilevel structures. 69. The process for formng an air

gap in Caim®68, further conprising of filling pores in the porous |ayer.
52 06902ZP USA 70. The process for formng an air gap in Claim69, the
filling process is perforned by filling the pores with a polym zabl e

organi ¢ speci es which can be activated towards polynerization. 53
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