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A porous SiCOH (e. g., p-SiCOH) dielectric ?lm in Which the 
stress change caused by increased tetrahedral strain is mini 
miZed by post treatment in unsaturated Hydrocarbon ambi 
ent. The inventive p-SiCOH dielectric ?lm has more *(CHX) 
and less Si4OiH and SiiH bondings as compared to prior 
art p-SiCOH dielectric ?lms. Moreover, a stable pSiOCH 
dielectric ?lm is provided in Which the amount of Si4OH 
(silanol) and SiiH groups at least Within the pores has been 
reduced by about 90% or less by the post treatment. Hence, 
the inventive p-SiCOH dielectric ?lm has hydrophobicity 
improvement as compared With prior art p-SiCOH dielectric 
?lms. In the present invention, a p-SiCOH dielectric ?lm is 
produced that is ?exible since the pores of the inventive ?lm 
include stabilized crosslinking i(CHx)i chains Wherein X 
is 1, 2 or 3 therein. The dielectric ?lm is produced utilizing an 
annealing step subsequent deposition that includes a gaseous 
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ambient that includes at least one CiC double bond and/ or at 
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LOW K POROUS SICOH DIELECTRIC AND 
INTEGRATION WITH POST FILM 

FORMATION TREATMENT 

RELATED APPLICATIONS 

[0001] This application is related to US. Ser. No. , 
(Attorney docket YOR920060748US1; SSMP 20357-1), 
Which cross referenced application is being ?led concurrently 
on the same date as the present application. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a semiconductor 
dielectric ?lm as Well as a method of fabricating such a ?lm. 
More particularly, the present invention relates to a porous 
dielectric material comprising atoms of at least Si, C, O and H 
(hereinafter p-SiCOH dielectric) Which has a loW dielectric 
constant (k of about 2.7 or less), enhanced post processing 
stability and improved ?lm properties as compared With prior 
art p-SiCOH dielectrics. The present invention also relates to 
a method of fabricating such a p-SiCOH dielectric as Well as 
the use of the same as a dielectric in various semiconductor 
structures, including, for example, interconnect structures. 

BACKGROUND OF THE INVENTION 

[0003] The continuous shrinking in dimensions of elec 
tronic devices utiliZed in ultra large scale integrated (ULSI) 
circuits in recent years has resulted in increasing the resis 
tance of the interconnect metalliZation as Well as increasing 
the capacitance of the intralayer and interlayer dielectric. This 
combined effect increases signal delays in ULSI electronic 
devices. In order to improve the sWitching performance of 
future ULSI circuits, loW dielectric constant (k) insulators, 
and particularly those With a dielectric constant signi?cantly 
loWer than silicon oxide, are needed to reduce the capaci 
tance. 

[0004] Most of the fabrication steps of very large scale 
integration (“VLSI”) and ULSI chips are carried out by 
plasma enhanced chemical or physical vapor deposition tech 
niques. The ability to fabricate a loW k dielectric by a plasma 
enhanced chemical vapor deposition (PECVD) technique 
using previously installed and available processing equip 
ment simpli?es its integration in the manufacturing process, 
reduces manufacturing cost, and creates less haZardous 
Waste. US. Pat. Nos. 6,147,009 and 6,497,963 assignedto the 
common assignee of the present invention, Which are incor 
porated herein by reference in their entirety, describe a loW 
dielectric constant material consisting of elements of Si, C, O 
and H atoms having a dielectric constant not more than 3.6 
and Which exhibits very loW crack propagation velocities. 
Such loW k dielectrics are also referred to as C doped oxides 
or organosilicate glass (OSG). 
[0005] US. Pat. Nos. 6,312,793, 6,441,491 and 6,479,110 
B2, assigned to the common assignee of the present invention 
and incorporated herein by reference in their entirety, 
describe a multiphase loW k dielectric material that consists of 
a matrix composed of elements of Si, C, O and H atoms, a 
phase composed mainly of C and H and having a dielectric 
constant of not more than 3.2. 

[0006] US. Patent Application Publication Nos. 2005/ 
0156285 A1 and 2005/0245096 A1, assigned to the common 
assignee of the present invention, and incorporated herein by 
reference in their entirety, describe means for improving the 
stability and/or physical properties such as tensile strength, 
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elastic modulus, hardness cohesive strength and crack veloc 
ity in Water of SiCOH dielectric materials. 
[0007] US. Patent Application Publication Nos. 2005/ 
0194619 A1 and 2006/0165891 A, assigned to the common 
assignee of the present invention and incorporated herein by 
reference in their entirety, provide a loW dielectric material 
With increased cohesive strength that includes atoms of Si, C, 
O and H, in Which a fraction of the C atoms are bonded as 
SiiCH3 functional groups and another fraction of the C 
atoms are bonded as SiiRiSi, Wherein R is phenyl, 
i(CH2)ni Where n is greater than or equal to one, HC:CH, 
C:CH2, CEC or a [S]n linkage Wherein n is as de?ned 
above. 
[0008] For porous SiCOH (“p-SiCOH”) dielectrics, post 
treatment in oxidiZing ambients (including, for example, oxy 
gen and Water) increases the ?lm’s stress by increasing the 
formation of tetrahedral strain. The increased tetrahedral 
strain is caused by increased SiiOiSi bonding in the p-Si 
COH dielectric ?lm. The formation of Si4OiSi bonding is 
increased in such dielectric ?lms by the presence of Si4OH 
and SiiH bonding in the as-deposited ?lm or after perform 
ing a high-energy (including, for example, ultra-violet (UV), 
electron-beam (E-beam) and/or thermal) post deposition 
treatment step. 
[0009] Thermodynamically, Si4OH and SiiH bonds in 
p-SiCOH ?lms are readily oxidiZed by oxygen and Water in 
an ambient to form SiiOiSi bonding due to a loW activa 
tion energy needed for the formation of such Si4OiSi 
bonding. As p-SiCOH dielectrics become more porous With 
loWer k values, the surface area and the absorption of oxygen/ 
Water increase signi?cantly and become more susceptible to 
oxidation thus forming an increased number of strained 
SiiOiSi bonds to be present in the dielectric ?lm. The 
formation of SiiOiSi bonds, in turn, increases the ?lm’s 
stress and crack velocity to levels Which are not acceptable in 
semiconductor interconnect structures. 
[0010] In vieW of the above, there is a need for providing a 
p-SiCOH dielectric ?lm in Which the ?lm’s stress and crack 
velocity are not signi?cantly increased as compared to prior 
art p-SiCOH dielctrics. That is, a p-SiCOH dielectric ?lm is 
needed in Which the content of SiiOiSi bonding in the ?lm 
is decreased by decreasing the content of Si4OH and SiiH 
bonding in the p-SiCOH dielectric ?lm. 

SUMMARY OF THE INVENTION 

[0011] The present invention provides a porous SiCOH 
(p-SiCOH) dielectric ?lm in Which the stress change caused 
by increased tetrahedral strain is minimiZed. In other terms, 
the inventive porous SiCOH dielectric ?lm has less SiiOi 
Si bonding as compared to prior art p-SiCOH dielectric ?lms. 
Moreover, a stable p-SiOCH dielectric ?lm is provided in 
Which the amount of SiiOH (silanol) and/or SiiH groups 
at least Within the pores has been reduced to about 0.01 atomic 
% or less. Hence, the inventive p-SiCOH dielectric ?lm has 
hydrophobicity improvement as compared With prior art 
p-SiCOH dielectric ?lms. In the present invention, a p-Si 
COH dielectric ?lm is produced that is ?exible since the pores 
of the inventive ?lm include stabiliZed crosslinking 
i(CHx)i chains Wherein x is 1, 2 or 3 therein. 
[0012] In general terms, the inventive dielectric ?lm com 
prises elements of Si, C, H and 0, said dielectric ?lm having 
a dielectric constant of about 2.7 or less, a random covalently 
bonded tri-dimensional netWork and a multiplicity of nano 
siZed pores, Wherein said multiplicity of nano-siZed pores 
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include additional crosslinking i(CHx)i chains, wherein x 
is l, 2 or 3 that bond With at least one Si bond that originated 
from the reaction betWeen a post treatment double bond pre 
cursor With some of the SiiOH groups and/or SiiH groups 
(i.e., Si bonding groups) normally present in said pores prior 
to the treatment. 

[0013] The inventive dielectric ?lm typically has a hydro 
carbon content (saturated and unsaturated) Within said pores 
and on a surface thereof that is from about 0.1 to about 10 Wt. 
%, With a hydrocarbon content in the range from about 0.5 to 
about 2 Wt. % being more typical. 
[0014] The inventive dielectric ?lm can be further charac 
teriZed as having more branching C-group bonding 
i(CHl)i chains, Wherein x is l, 2 or 3 on the surface and 
Within the pores as compared With prior art p-SiCOH dielec 
tric materials. The increased branching C-group bonding can 
be evidenced by additional hydrocarbon (on the order of 
about 1 atomic % C or higher) being presented in the ?lm, as 
measured by Electron Spectroscopy for Chemical Analysis 
(ESCA), Rutherford Back Scattering (RBS), Time-of-Flight 
Secondary Ion Mass Spectroscopy (TOF SIMS), or FTIR as 
measured of carbon concentration or CiH bonding change 
before and after post-treatment. 
[0015] In some embodiments of the present invention, the 
i(CHx)i chains are also present on the surface of the ?lm as 
Well as Within the pores. The presence of these chains on the 
surface of the dielectric ?lm provides a ?lm that is less sen 
sitive to moisture as compared With prior art ?lms not includ 
ing the *(CHX)* chains since the presence of the 
i(CHx)i chains on the surface of the dielectric material 
removes the silanol groups (i.e., Si4OH) present on the 
surface of the dielectric ?lm. Hence, the inventive p-SiCOH 
dielectric ?lm is more hydrophobic than prior art SiCOH 
dielectric ?lms. 
[0016] The present invention also provides a method of 
forming such a p-SiCOH dielectric ?lm. In particular, the 
applicants have determined that one can reduce or minimiZe 
the stress change and make the p-SiCOH dielectric ?lm more 
stable and more hydrophobic by selecting an appropriate 
annealing ambient that has the ability to reduce oxidation of 
the dielectric ?lm and thus minimize or reduce the formation 
of Si4OH (and to a lesser extent SiiH) groups on the 
surface of the dielectric ?lm. In the present invention it has 
been determined that by annealing in an ambient that includes 
a gas that contains at least one C4C double bond, at least one 
C4C triple bond or a combination of at least one C4C 
double bond and at least one C4C triple bond produces the 
inventive p-SiCOH dielectric ?lm. In particular, the bonding 
formation utiliZing such an ambient gas produces ?exible and 
stabiliZed crosslinking i(CHx)i chains at least Within the 
pores of the SiCOH dielectric ?lm. Subsequently, the ?lm 
stress Will be reduced and the ?lm’s stability Will be 
improved. The presence of the at least one C4C double bond 
and/or the at least one C4C triple bond in the annealing 
ambient also minimiZes the impact of residual oxygen in the 
ambient during annealing and reduces/ eliminates the forma 
tion of Si4OH and/or SiiH bonding on the surface of the 
dielectric ?lm forming various bridging bonds. 
[0017] In general terms, the inventive method comprises: 
[0018] forming a dielectric ?lm comprises elements of Si, 
C, H and O on a surface of a substrate, said dielectric ?lm 
having a dielectric constant of about 2.7 or less, a random 
covalently bonded tri-dimensional netWork and a multiplicity 
of nano-siZed pore; 
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[0019] annealing said dielectric ?lm in the presence of a 
gaseous ambient that includes at least one CiC double bond, 
at least one CiC triple bond or a combination of at least one 
C4C double bond and at least one CiC triple bond, Wherein 
said annealing forms crosslinking i(CHx)i chains, 
Wherein x is l, 2 or 3, that react With at least some active 
bonding Si4OH groups and SiiH groups present in said 
pores. 
[0020] That is, the i(CHx)i chains bond With at least one 
Si group that is formed by reaction betWeen an unsaturated 
hydrocarbon With SiiOH groups and SiiH groups origi 
nally present in said pores. 
[0021] The annealing step may include a thermal anneal, an 
ultraviolet (UV) anneal, a plasma anneal and/or a microWave 
anneal. 
[0022] In some embodiments, the pores contain the bond 
ing SiiOH groups and/or the SiiH groups prior to the 
annealing step. In yet other embodiments, these bonding 
groups are generated during initial stages of said annealing 
process during pore formation and then they are removed 
during subsequent stages of the annealing process. 
[0023] In some embodiments of the present invention, the 
gaseous ambient employed in the annealing step is an unsat 
urated hydrocarbon. In other embodiments of the present 
invention, the gaseous ambient is an organosilicon compound 
With fully hydrophobic bonds and With a loW strained 
SiiOiSi bonding structure or With single vinyl double 
bond (C:C) groups. In yet another embodiment of the 
present invention, the gaseous ambient comprises a com 
pound having an organosilicon group (Rl,R2,R3)-Si4OH 
With silanol group bonding Wherein R1, R2, R3 are identical 
or different and are a hydrocarbon, vinyl or diene radical. 

[0024] In some embodiments of the present invention, the 
annealing in the aforementioned gaseous ambient occurs dur 
ing a high-energy post deposition processing step that 
removes labile organic groups thus forming a porous dielec 
tric material. In yet another embodiment of the present inven 
tion, the annealing in the above gaseous ambient may occur 
after a high energy post deposition processing step that 
removes the labile organic groups. In yet another embodiment 
of the present invention, the treating in the aforementioned 
ambient may occur during and after a high-energy post depo 
sition processing step that removes the organic labile groups. 
[0025] The annealing step of the present invention reduces 
both SiiOH and SiiH bond formation Within the pores and 
on the surface of the p-SiCOH ?lm, increases the ?lm’s 
hydrophobicity, enhances the ?lms stability and reduces the 
?lm’s stress by reducing the formation of SiiOiSi 
crosslinking bonds. 
[0026] The present invention also relates to electronic 
structures, in Which the p-SiCOH dielectric ?lm of the present 
invention may be used as an interconnect (i.e., interlevel or 
intralevel) dielectric, a capping layer, and/ or as a hard mask/ 
polish-stop layer. 
[0027] Speci?cally, the electronic structures of the present 
invention include a pre-processed semiconducting substrate 
that has a ?rst region of metal embedded in a ?rst layer of 
insulating material, a ?rst region of conductor embedded in a 
second layer of insulating material, the second layer of insu 
lating material being in intimate contact With the ?rst layer of 
insulating material, the ?rst region of conductor being in 
electrical communication With the ?rst region of metal, and a 
second region of conductor being in electrical communica 
tion With the ?rst region of conductor and being embedded in 
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a third layer of insulating material, the third layer of insulat 
ing material being in intimate contact With the second layer of 
insulating material. In the above structure, each of the insu 
lating layers can comprise the inventive p-SiCOH dielectric 
?lm Which has a reduced content of Si4OiSi bonding. 

[0028] The electronic structure may further include a 
dielectric cap layer situated in-betWeen the ?rst layer of insu 
lating material and the second layer of insulating material, 
and may further include a dielectric cap layer situated in 
betWeen the second layer of insulating material and the third 
layer of insulating material. The electronic structure may 
further include a ?rst dielectric cap layer betWeen the second 
layer of insulating material and the third layer of insulating 
material, and a second dielectric cap layer on top of the third 
layer of insulating material. 
[0029] In some embodiments, the dielectric cap itself can 
comprise the inventive p-SiCOH dielectric ?lm. 
[0030] The electronic structure may further include a dif 
fusion barrier layer of a dielectric material deposited on at 
least one of the second and third layer of insulating material. 
The electronic structure may further include a dielectric layer 
on top of the second layer of insulating material for use as a 
RIE hard mask/polish-stop layer and a dielectric diffusion 
barrier layer on top of the dielectric RIE hard mask/polish 
stop layer. The electronic structure may further include a ?rst 
dielectric RIE hard mask/polish-stop layer on top of the sec 
ond layer of insulating material, a ?rst dielectric RIE diffu 
sion barrier layer on top of the ?rst dielectric polish-stop layer 
a second dielectric RIE hard mask/polish-stop layer on top of 
the third layer of insulating material, and a second dielectric 
diffusion barrier layer on top of the second dielectric polish 
stop layer. The dielectric RIE hard mask/polish-stop layer 
may be comprised of the inventive p-SiCOH dielectric ?lm as 
Well. 

[0031] The present invention also relates to the use of the 
inventive SiCOH dielectric ?lm in other electronic structures 
including a structure including at least tWo conductors and an 
optoelectronic sensing structure, for use in detection of light. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] FIGS. 1A-1C are pictorial representations (through 
cross sectional vieWs) depicting the basic processing steps in 
Which a p-SiCOH dielectric ?lm having reduced Si4OH 
content and thus reduced SiiOiSi bonding is formed on a 
surface of a substrate. 

[0033] FIG. 2 is an enlarged, cross-sectional vieW of an 
electronic device of the present invention that includes the 
inventive p-SiCOH dielectric ?lm as both the intralevel 
dielectric layer and the interlevel dielectric layer. 
[0034] FIG. 3 is an enlarged, cross-sectional vieW of the 
electronic structure of FIG. 2 having an additional diffusion 
barrier dielectric cap layer deposited on top of the inventive 
p-SiCOH dielectric ?lm. 
[0035] FIG. 4 is an enlarged, cross-sectional vieW of the 
electronic structure of FIG. 3 having an additional RIE hard 
mask/polish-stop dielectric cap layer and a dielectric cap 
diffusion barrier layer deposited on top of the polish-stop 
layer. 
[0036] FIG. 5 is an enlarged, cross-sectional vieW of the 
electronic structure of FIG. 4 having additional RIE hard 
mask/polish-stop dielectric layers deposited on top of the 
p-SiCOH dielectric ?lm of the present invention. 
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[0037] FIG. 6 is a pictorial representation (through a cross 
sectional vieW) illustrating an electronic structure including 
at least tWo conductors and the inventive p-SiCOH dielectric 
material. 
[0038] FIGS. 7A-7B are pictorial representations (through 
cross sectional vieWs) illustrating electronic structures 
including a sensing element and the inventive p-SiCOH 
dielectric material. 

DETAILED DESCRIPTION OF THE INVENTION 

[0039] The present invention, Which describes a p-SiCOH 
dielectric ?lm having a reduced content of Si4OH and 
SiiH bondings, and increased i(CHx)i bondings Within 
the pores and on the surface of the ?lm, a method of fabricat 
ing the same and electronic structures containing the inven 
tive p-SiCOH dielectric ?lm, Will noW be described in greater 
detail. 
[0040] In accordance With the method of the present inven 
tion, a SiCOH dielectric ?lm 12 is formed on a surface of a 
substrate 10 such as shoWn, for example, in FIG. 1A. The term 
“substrate” When used in conjunction With substrate 10 
includes, a semiconducting material, an insulating material, a 
conductive material or any combination thereof, including 
multilayered structures. Thus, for example, substrate 10 may 
be a semiconducting material such as Si, SiGe, SiGeC, SiC, 
GaAs, InAs, InP and other III/V or III/V I compound semi 
conductors. The semiconductor substrate 10 may also include 
a layered substrate such as, for example, Si/SiGe, Si/SiC, 
silicon-on-insulators (SOIs) or silicon germanium-on-insula 
tors (SGOIs). When substrate 10 is an insulating material, the 
insulating material can be an organic insulator, an inorganic 
insulator or a combination thereof including multilayers. 
When the substrate 10 is a conductive material, the substrate 
10 may include, for example, polySi, an elemental metal, 
alloys of elemental metals, a metal silicide, a metal nitride and 
combinations thereof, including multilayers. 
[0041] In some embodiments, the substrate 10 includes a 
combination of a semiconducting material and an insulating 
material, a combination of a semiconducting material and a 
conductive material or a combination of a semiconducting 
material, an insulating material and a conductive material. An 
example of a substrate that includes a combination of the 
above is an interconnect structure. 
[0042] The SiCOH dielectric ?lm 12 is typically deposited 
using plasma enhanced chemical vapor deposition (PECVD). 
In addition to PECVD, the present invention also contem 
plates that the SiCOH dielectric ?lm 12 can be formed utiliZ 
ing chemical vapor deposition (CVD), high-density plasma 
(HDP) deposition, pulsed PECVD, spin-on application, or 
other related methods. The thickness of the SiCOH dielectric 
?lm 12 deposited may vary; typical ranges for the deposited 
SiCOH dielectric ?lm 12 are from about 50 nm to about 1 pm, 
With a thickness from 100 to about 500 nm being more typi 
cal. 
[0043] Typically, the SiCOH dielectric ?lm is deposited 
using the processing techniques disclosed in co-assigned US. 
Pat. Nos. 6,147,009, 6,312,793, 6,441,491, 6,437,443, 6,541, 
398, 6,479,110 B2, and 6,497,963 as Well as in US. Patent 
Application Publication Nos. 2005/0156285 A1, 2005/ 
0245096 A1, 2005/0194619 A1 and 2006/0165891 Al, the 
contents of each of Which are incorporated herein by refer 
ence. 

[0044] Speci?cally, the SiCOH dielectric ?lm 12 is formed 
by providing at least a ?rst precursor (liquid, gas or vapor) 



US 2009/0061649 A1 

comprising atoms of Si, C, O, and H, and an inert carrier such 
as He or Ar, into a reactor, preferably the reactor is a PECVD 
reactor, and then depositing a ?lm derived from said ?rst 
precursor onto a suitable substrate utilizing conditions that 
are effective in forming a SiCOH dielectric material. The 
present invention yet further provides for mixing the ?rst 
precursor With an oxidizing agent such as O2, CO2 or a com 
bination thereof, thereby stabiliZing the reactants in the reac 
tor and improving the uniformity of the SiCOH dielectric ?lm 
12 deposited on the substrate 10. 
[0045] In addition to the ?rst precursor, a second precursor 
(gas, liquid or vapor) comprising atoms of C, H, and option 
ally 0, F and N can be used. Optionally, a third precursor (gas, 
liquid or gas) comprising Ge may also be used. 
[0046] The ?rst precursor is selected from silane (SiH4) 
derivatives having the molecular formula SiRR'R" R'" Where 
R,R',R", and R'" may or may not be identical and are selected 
from H, alkyl, and alkoxy, preferably methyl, ethyl, methoxy, 
and ethoxy. Preferred precursors include: diethoxydimethyl 
silane, diethoxymethylsilane (DEMS), ethoxyltrimethylsi 
lane, ethoxydimethylsilane, dimethoxydimethylsilane, 
dimethoxymethylsilane, triethoxysilane, and trimethoxym 
ethylsilane. In some embodiments, the ?rst precursor is 
selected from organosilicon molecules With ring structures 
comprising SiCOH components such as 1,3,5,7-tetramethyl 
cyclotetrasiloxane (“TMCTS” or“C4H16O4Si4”), and octam 
ethylcyclotetrasiloxane (OMCTS). 
[0047] The second precursor employed in the present appli 
cation is an organic compound that is selected from: 
alkenes: 

R1 R3 

R2 R4 . 

alkynes : 

R1 _— R2, 

ethers: 

4 R4 

R2 + o + R5; and 
R3 R6 

oxiranes : 

R1vA< R3 
R2 R4 

[0048] Where R1, R2, R3, R4, R5 and R6 may or may not be 
identical and are selected from hydrogen, alkyl, alkenyl or 
alkynyl groups that may be linear, branched, cyclic, polycy 
clic and may be functionaliZed With oxygen, nitrogen or 
?uorine containing substituents. Additionally, other atoms 
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such as S, Si, or other halogens may be contained in the 
second precursor molecule. Of these species, the most suit 
able are ethylene oxide, propylene oxide, cyclopentene oxide, 
isobutylene oxide, 2,2,3-trimethyloxirane, butadienemonox 
ide, bicycloheptadiene (BCHD), 1,2-epoxy-5-hexene, 2-me 
thyl-2-vinyloxirane, 1-isopropyl-cyclohexa-1,3-diene and 
tertbutylmethylether. 
[0049] In some embodiments, the second precursor may be 
selected from the group consisting of hydrocarbon molecules 
With ring structures, preferably With more than one ring 
present in the molecule or With branched chains attached to 
the ring. Especially useful, are species containing fused rings, 
at least one of Which contains a heteroatom, preferentially 
oxygen. Of these species, the most suitable are those that 
include a ring of a siZe that imparts signi?cant ring strain, 
namely rings of 3 or 4 atoms and/or 7 or more atoms. Particu 
larly attractive, are members of a class of compounds knoWn 
as oxabicyclics, such as cyclopentene oxide (“CPO” or 
“C5H8O”). Also useful are molecules containing branched 
tertiary butyl(t-butyl) and isopropyl(i-propyl) groups 
attached to a hydrocarbon ring; the ring may be saturated or 
unsaturated (containing C:C double bonds). 
[0050] It is noted that the above second precursors include 
labile functional groups that can be readily removed from the 
dielectric ?lm during a subsequent processing (i.e., curing) 
step. In some embodiments, a separate porogen material can 
be added during the formation of the p-SiCOH dielectric ?lm. 
[0051] The third precursor Which can optionally be used is 
formed from germane hydride or any other reactant compris 
ing a source of Ge. 

[0052] The SiCOH ?lm 12 may be deposited using a 
method the includes the step of providing a parallel plate 
reactor, Which has a conductive area of a substrate chuck 
betWeen about 85 cm2 and about 1600 cm2, and a gap betWeen 
the substrate and a top electrode betWeen about 1 cm and 
about 12 cm. A high frequency RF poWer is applied to one of 
the electrodes at a frequency from about 0.45 MHZ to about 
200 MHZ. Optionally, an additional loW frequency poWer can 
be applied to one of the electrodes. 

[0053] The conditions used for the deposition step may 
vary depending on the desired ?nal dielectric constant of the 
SiCOH dielectric ?lm 12. Broadly, the conditions used for 
providing a stable dielectric material comprising elements of 
Si, C, O, H that has a dielectric constant of about 2.7 or less 
include: setting the substrate temperature at a temperature 
from about 200° C. to about 425° C.; setting the high fre 
quency RF poWer density Within a range from about 0.1 
W/cm2 to about 1.5 W/cm2; setting the ?rst liquid precursor 
?oW rate Within a range from about 100 mg/min to about 5000 
mg/min, optionally setting the second liquid precursor ?oW 
rate Within a range from about 50 mg/min to about 10,000 
mg/min; optionally setting the third liquid precursor ?oW rate 
Within a range from about 25 mg/min to about 4000 mg/min; 
optionally setting the inert carrier gases such as helium (or/ 
and argon) ?oW rate Within a range from about 50 sccm to 
about 5000 sccm; setting the reactor pressure at a pressure 
Within a range from about 1000 mTorr to about 7000 mTorr; 
and setting the high frequency RF poWer Within a range from 
about 75 W to about 1000 W. Optionally, an ultra loW fre 
quency poWer may be added to the plasma Within a range 
from about 30 W to about 400 W. When the conductive area of 
the substrate chuck is changed by a factor of X, the RF poWer 
applied to the substrate chuck may also change by a factor of 
X. 
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[0054] When an oxidizing agent is employed in the present 
invention, it is ?own into the PECVD reactor at a How rate 
Within a range from about 10 seem to about 1000 seem. 

[0055] While liquid precursors are used in the above 
example, it is knoWn in the art that the organosilieon gas phase 
preeursors (such as trimethylsilane) can also be used for the 
deposition. 
[0056] The dielectric ?lm 12 formed at this point of the 
present invention contains a matrix of a hydrogenated oxi 
diZed silieon carbon material (SiCOH) eomprising atoms of 
Si, C, O and H in a eovalently bonded tri-dimensional net 
Work and having a dielectric constant of not more than about 
3.6 prior to curing. After UV or E-beam curing, the ?lm Will 
have some pores and the dielectric constant of the ?lm is 
about 2.7 or less. The tri-dimensional netWork may include a 
eovalently bonded tri-dimensional structure comprising 
SiiO, Si4C, SiiH, CiH and CiC bonds. The dielectric 
?lm 12 may comprise F and N and may optionally have the Si 
atoms partially substituted by Ge atoms. 
[0057] After deposition of the SiCOH dieleetrie ?lm, the 
deposited ?lm is subjected to a high energy post deposition 
processing step that forms a porous SiCOH dieleetrie ?lm 12' 
(See FIG. 1B). Speei?eally, the as deposited ?lm can be 
processed using a high energy source to stabiliZe the ?lm, 
remove labile functional groups and improve its properties 
(electrical, mechanical, adhesive). Suitable energy sources 
that can be used for the post processing step inelude thermal, 
ehemieal, ultraviolet (UV) light, electron beam (E-beam), 
microwave, and plasma. Combinations of the aforementioned 
energy sources can also be used in the present invention. 
[0058] The thermal energy source includes any source such 
as, for example, a heating element or a lamp, that can heat the 
deposited dielectric material to a temperature from about 
300° to about 500° C. More preferably, the thermal energy 
source is capable of heating the deposited dielectric material 
to a temperature from about 350° to about 430° C. This 
thermal treatment process can be carried out for various time 
periods, With a time period from about 1 minute to about 300 
minutes being typieal. The thermal treatment step is typically 
performed in the presence of an inert gas such as He and Ar. 
The thermal treatment step may include a rapid thermal 
anneal, a furnace anneal, a laser anneal or a spike anneal. 
[0059] The UV light treatment step is performed utiliZing a 
source that can generate light having a Wavelength from about 
500 to about 150 nm, to irradiate the substrate While the Wafer 
temperature is maintained at a temperature from about 25° to 
about 500° C., With temperatures from about 3000 to about 
450° C. being preferred. Radiation With less than 370 nm is of 
insuf?eient energy to dissociate or aetivate important bonds, 
so the Wavelength range 150-370 nm is a preferred range. 
Using literature data and absorbanee spectra measured on as 
deposited ?lms, the inventors have found that less than 170 
nm radiation may not be favored due to degradation of the 
SiCOH ?lm. Further, the energy range 310-370 nm is less 
useful than the range 150-310 nm, due to the relatively loW 
energy per photon from 310-370 nm. Within the 150-310 nm 
range, optimum overlap With the absorbanee spectrum of the 
as deposited ?lm and minimum degradation of the ?lm prop 
erties (such as hydrophobieity) may be optionally used to 
select a most effective region of the UV spectrum for chang 
ing the SiCOH properties. 
[0060] The electron beam treatment step is performed uti 
liZing a source that is capable of generating a uniform eleetron 
?ux over the Wafer, With energies from about 0.5 to about 25 
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keV and current densities from about 0.1 to about 100 miero 
Amp/em2 (preferably about 1 to about 5 mieroAmp/em2), 
While the Wafer temperature is maintained at a temperature 
from about 250 to about 500° C., With temperatures from 
about 300° to about 450° C. being preferred. The preferred 
dose of electrons used in the electron beam treatment step is 
from about 50 to about 500 mieroeoulombs/em2, With about 
100 to about 300 mieroeoulombs/em2 being most preferred. 
[0061] The SiCOH dieleetrie ?lm 12 after euring eomprises 
betWeen about 5 and about 40 atomic percent of Si; betWeen 
about 5 and about 45 atomic percent of C; betWeen 0 and 
about 60 atomic percent of O; and betWeen about 10 and 
about 55 atomic percent of H. The SiCOH dieleetrie ?lm 12 
is thermally stable above 350° C. After post-deposition eur 
ing, the SiCOH ?lm 12 preferably has a thickness of not more 
than 1.3 mierometers and a crack propagation velocity in 
Water of less than 10'9 meters per second. 
[0062] Subsequently the inventive second post treatment 
including either plasma, thermal, UV or E-beam in an ambi 
ent that includes a gas that contains at least one C4C double 
bond, at least one C4C triple bond or a combination of at 
least one C4C double bond and at least one C4C triple bond 
is used. For example, thermal treatment including annealing 
at a temperature range from about 3000 to about 450° C. for 
a duration from about 1 to about 120 minutes in an ambient 
gas that includes one of ethylene (C2H4), aeetylene (C2H2), 
propylene (C3H6), and butene (C4H8) as Well as an organic 
gas compound that is selected from one of the folloWing 
formula: 
alkenes: 

R1 R3 

R2 R4; 

alkynes: 

Rlé R2 

With R1, R2, R3, R4 are either saturated hydroearbon groups 
(iCH3, 4C2H5, and ete.), or hydrogen can be used in the 
present invention. 
[0063] The plasma treatment step which includes the above 
mentioned hydroearbon gas including at least one C4C 
double bond and/or at least one CiC triple bond is per 
formed utiliZing a source that is capable of generating atomie 
hydrogen (H), and optionally CH3 or other hydroearbon radi 
eals. Downstream plasma sources are preferred over direet 
plasma exposure. During plasma treatment the Wafer tem 
perature is maintained at a temperature from about 250 to 
about 500° C., With temperatures from about 3000 to about 
450° C. being preferred. 
[0064] The plasma treatment step is performed by introdue 
ing a gas into a reactor that can generate a plasma and there 
after it is converted into a plasma. The gas that can be used for 
the plasma treatment includes at least one of the above men 
tioned hydroearbons containing at least one C4C double 
bond and/or at least one C4C triple bond and an inert gas 
such as Ar, N, He, Xe or Kr, With He being preferred; hydro 
gen or related sources of atomic hydrogen, methane, methyl 
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silane, related sources of CH3 groups, and mixtures thereof. 
The How rate of the plasma treatment gas may vary depending 
on the reactor system being used. The chamber pressure can 
range anyWhere from about 0.05 to about 20 torr, but the 
preferred range of pressure operation is from about 1 to about 
10 torr. The plasma treatment step occurs for a period of time, 
Which is typically from about 1/2 to about 10 minutes, 
although longer times may be used Within the invention. 
[0065] An RF or microWave poWer source is typically used 
to generate the above plasma. The RF poWer source may 
operate at either the high frequency range (on the order of 
about 100 W or greater); the loW frequency range (less than 
about 250 W) or a combination thereof may be employed. The 
high frequency poWer density can range anyWhere from about 
0.1 to about 2.0 W/cm2 but the preferred range of operation is 
from about 0.2 to about 1.0 W/cm2. The loW frequency poWer 
density can range anyWhere from about 0.1 to about 1.0 
W/cm2 but the preferred range of operation is from about 0.2 
to about 0.5 W/cm2. The chosen poWer levels must be loW 
enough to avoid signi?cant sputter etching of the exposed 
dielectric surface (less than 5 nanometers removal). 
[0066] For UV and E-beam treatment processes, it is pos 
sible to use the same hydrocarbon ambient (double and triple 
bond hydrocarbon gases) and temperature (about 2000 to 
about 4500 C. range) as used in the thermal process. With UV 
and E-beam treatment, it is also possible to combine the ?rst 
and second inventive post deposition processes into a single 
tWo-step post treatment process Which includes 1) a ?rst step 
post-treatment in inert ambient (Ar, He) to remove porogen 
and form pores, and 2) a second step post-treatment in the 
inventive double/triple bond hydrocarbon gases to removal 
any remain SiiH and Si4OH and to form cross-linking 
i(CHx)i bonding in the pores and ?lm’s surface 
[0067] The above high energy ?rst and second inventive 
post deposition processes provide a p-SiCOH dielectric ?lm 
12' on the surface of substrate 10. The p-SiCOH dielectric 
?lm 12' has a multiplicity of nano-siZed pores therein. The 
nano-siZed pores include at least one of Si4OH groups and 
SiiH groups therein. The nano-siZed pores have a pore siZe 
from about 0.3 to about 10 nm, With a pore siZe from about 0.8 
to about 2 nm being more preferred. 

[0068] The second post treatment step, Which is a separate 
step of treating the p-SiCOH dielectric ?lm in a gaseous 
ambient that includes at least one C4C double bond, at least 
one C4Ci triple bond or a combination of at least one C4C 
double bond and at least one CiC triple bond, is employed 
after the high energy post deposition step. In yet other 
embodiments of the present invention, treating in the afore 
mentioned gaseous ambient occurs during the high energy 
post deposition step that removes labile organic groups that 
forms a porous dielectric material. In yet another embodiment 
of the present invention, the treating in the aforementioned 
ambient may occur during and after the high energy post 
deposition treatment step that removes the organic labile 
groups. FIG. 1C illustrates a treated p-SiCOH dielectric ?lm 
12" of the present invention. 
[0069] It is noted that the treating in the aforementioned 
ambient forms crosslinking i(CHx)i chains, Wherein x is 1, 
2, or 3 that bond With at least one Si-bonds, Which originally 
came from SiiOH groups and SiiH groups also present in 
said pores before the post treatment. Hence, the amount of 
SiiOiH and SiiH bonds Within the pores of the dielectric 
?lm are reduced due to the reaction betWeen the double and/ or 
triple hydrocarbon gases With the SiiOH and SiiH in the 
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pore. A typical reduction of about 5% or greater of Si4OH 
and SiiH bonds originally from the untreated ?lm that can 
be achieved in the present invention. In some embodiments, 
the amount of Si4OiH and SiiH bonds on the surface of 
the dielectric ?lm are also reduced and making the ?lm hydro 
phobic. 
[0070] The second annealing step may include a thermal 
anneal, an ultraviolet (UV) anneal, a plasma anneal and/or a 
microWave anneal. The conditions for each of the anneals is 
the same as mentioned above, expect that a gaseous ambient 
including at least one CiCi double and/or triple bond is 
employed. 
[0071] In some embodiments of the present invention, the 
anneal ambient is an unsaturated hydrocarbon. In this 
embodiment, the unsaturated hydrocarbon contains from 
about 2 to about 24, preferably 2 to 5, carbon atoms. The 
carbon atoms may be straight chained or branched. Examples 
of suitable unsaturated hydrocarbons that can be employed in 
the present invention include, but are not limited to ethylene, 
propylene, butylene, ethane, butane, and acetylene. 
[0072] In other embodiment of the present invention, the 
annealing ambient is an organosilicon compound With fully 
hydrophobic bonds and With a loW strained Si4OiSi bond 
ing structure or With single vinyl double bond (C:C) groups. 
Examples of suitable organosilicon compounds With fully 
hydrophobic bonds and With a loW strained Si4OiSi bond 
ing structure or With single vinyl double bond (C:C) groups 
that can be employed in the present invention include, but are 
not limited to tetramethyl divinyl disiloxane, dimethyl tet 
ravinyl disiloxane, hexamethyl disiloxane, hexavinyl disilox 
ane, and hexamethyl disilaZane (HMDS). 
[0073] In yet another embodiment of the present invention, 
the annealing ambient comprises a compound having an orga 
nosilicon group (R)3iSi4OH With one silanol group bond 
ing Wherein R is the same or different and is a saturated 
hydrocarbon, or vinyl or diene group. Examples of such orga 
nosilanes include, but are not limited to divinyl methyl sil 
anol, and diethyl vinyl silanol. 
[0074] Of the various gaseous ambients mentioned above, 
it is preferred to use an unsaturated hydrocarbon ambient, 
With butene, propylene, ethylene and acetylene being highly 
preferred examples of such unsaturated hydrocarbon ambi 
ents. 

[0075] The above ambients may be used alone or mixed 
together or used in the presence of another gas including an 
inert gas such as Ar, and/or He. 
[0076] The amount of gaseous ambient including at least 
one CiC double/triple bond present during the annealing 
ambient may vary depending on the type of annealing process 
used, as Well as the surface area of the p-SiCOH dielectric 
being annealed. The annealing ambient pressure typically 
ranges from about 1 torr to about 760 torr, and the preferred 
range is from about 5 to about 100 torr. The How rates of the 
hydrocarbon gases range from about 10 to about 1000 sccm 
for the ambient employed. 
[0077] The annealing step of the present invention reduces 
both SiiOH and SiiH bond formation Within the pores and 
on the surface of the p-SiCOH ?lm, increases the ?lm’s 
hydrophobicity, enhances the ?lms stability and reduces the 
?lm’s stress by crosslinking SiiRiSi bonding formation. 
[0078] Electronic devices Which can contain the inventive 
p-SiCOH dielectric ?lm are shoWn in FIGS. 2-7B. It should 
be noted that the devices shoWn in FIGS. 2-7B are merely 
illustrative examples of the present invention, While an in? 
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nite number of other devices may also be formed by the 
present invention novel methods. 
[0079] In FIG. 2, an electronic device 30 built on a silicon 
substrate 32 is shoWn. On top of the silicon substrate 32, an 
insulating material layer 34 is ?rst formed With a ?rst region 
of metal 36 embedded therein. After a CMP process is con 
ducted on the ?rst region of metal 36, a p-SiCOH dielectric 
?lm 38 of the present invention is formed on top of the ?rst 
layer of insulating material 34 and the ?rst region of metal 36. 
The ?rst layer of insulating material 34 may be suitably 
formed of silicon oxide, silicon nitride, doped varieties of 
these materials, or any other suitable insulating materials. The 
p-SiCOH dielectric ?lm 38 is then patterned in a photolithog 
raphy process folloWed by etching and a conductor layer 40 is 
deposited thereon. After a CMP process on the ?rst conductor 
layer 40 is carried out, a second layer of the inventive p-Si 
COH ?lm 44 is formed by a overlying the ?rst p-SiCOH 
dielectric ?lm 38 and the ?rst conductor layer 40. The con 
ductor layer 40 may be a deposit of a metallic material or a 
nonmetallic conductive material. For instance, a metallic 
material of aluminum or copper, or a nonmetallic material of 
nitride or polysilicon. The ?rst conductor 40 is in electrical 
communication With the ?rst region of metal 36. 
[0080] A second region of conductor 50 is then formed after 
a photolithographic process on the p-SiCOH dielectric ?lm 
44 is conducted folloWed by etching and then a deposition 
process for the second conductor material. The second region 
of conductor 50 may also be a deposit of either a metallic 
material or a nonmetallic material, similar to that used in 
depositing the ?rst conductor layer 40. The second region of 
conductor 50 is in electrical communication With the ?rst 
region of conductor 40 and is embedded in the second layer of 
the SiCOH dielectric ?lm 44. The second layer of the p-Si 
COH dielectric ?lm 44 is in intimate contact With the ?rst 
layer of p-SiCOH dielectric material 38. In this example, the 
?rst layer of the p-SiCOH dielectric ?lm 38 is an intralevel 
dielectric material, While the second layer of the p-SiCOH 
dielectric ?lm 44 is both an intralevel and an interlevel dielec 
tric. Based on the loW dielectric constant of the inventive 
p-SiCOH dielectric ?lms, superior insulating property can be 
achieved by the ?rst insulating layer 38 and the second insu 
lating layer 44. 
[0081] FIG. 3 shoWs a present invention electronic device 
60 similar to that of electronic device 30 shoWn in FIG. 2, but 
With an additional dielectric cap layer 62 deposited betWeen 
the ?rst insulating material layer 38 and the second insulating 
material layer 44. The dielectric cap layer 62 can be suitably 
formed of a material such as silicon oxide, silicon nitride, 
silicon oxynitride, silicon carbide, silicon carbo-nitride 
(SiCN), silicon carbo-oxide (SiCO), Silicon Carbo-oxyni 
tride (SiCON) and their hydrogenated compounds. The addi 
tional dielectric cap layer 62 functions as a diffusion barrier 
layer for preventing diffusion of the ?rst conductor layer 40 
into the second insulating material layer 44 or into the loWer 
layers, especially into layers 34 and 32. 
[0082] Another alternate embodiment of the present inven 
tion electronic device 70 is shoWn in FIG. 4. In the electronic 
device 70, tWo additional dielectric cap layers 72 and 74 
Which act as a RIE mask and CMP (chemical mechanical 
polishing) polish stop layer are used. The ?rst dielectric cap 
layer 72 is deposited on top of the ?rst loW k insulating 
material layer 38 and used as a RIE mask and CMP stop, so 
the ?rst conductor layer 40 and layer 72 are approximately 
co-planar after CMP. The function of the second dielectric 
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layer 74 is similar to layer 72, hoWever layer 74 is utiliZed in 
planariZing the second conductor layer 50. The polish stop 
layer 74 canbe deposited of a suitable dielectric material such 
as silicon oxide, silicon nitride, silicon oxynitride, silicon 
carbide, silicon carbo-oxide (SiCO), Silicon Carbo-oxyni 
tride (SiCON) and their hydrogenated compounds. A pre 
ferred polish stop layer composition is SiCH or SiCOH for 
layers 72 or 74. The SiCOH layer may include the inventive 
p-SiCOH dielectric ?lm. A second dielectric layer can be 
added on top of the second p-SiCOH dielectric ?lm 44 for the 
same purposes. 

[0083] Still another alternate embodiment of the present 
invention electronic device 80 is shoWn in FIG. 5. In this 
alternate embodiment, an additional layer 82 of dielectric 
material is deposited and thus dividing the second insulating 
material layer 44 into tWo separate layers 84 and 86. The 
intralevel and interlevel dielectric layer 44 formed of the 
inventive p-SiCOH material is therefore divided into an inter 
layer dielectric layer 84 and an intralevel dielectric layer 86 at 
the boundary betWeen via 92 and interconnect 94. An addi 
tional diffusion barrier layer 96 is further deposited on top of 
the upper dielectric layer 74. The additional bene?t provided 
by this alternate embodiment electronic structure 80 is that 
dielectric layer 82 acts as an RIE etch stop providing superior 
interconnect depth control. Thus, the composition of layer 82 
is selected to provide etch selectivity With respect to layer 86. 
[0084] Still other alternate embodiments may include an 
electronic structure Which has layers of insulating material as 
intralevel or interlevel dielectrics in a Wiring structure that 
includes a pre-processed semiconducting substrate Which has 
a ?rst region of metal embedded in a ?rst layer of insulating 
material, a ?rst region of conductor embedded in a second 
layer of the insulating material Wherein the second layer of 
insulating material is in intimate contact With the ?rst layer of 
insulating material, and the ?rst region of conductor is in 
electrical communication With the ?rst region of metal, a 
second region of conductor in electrical communication With 
the ?rst region of conductor and is embedded in a third layer 
of insulating material, Wherein the third layer of insulating 
material is in intimate contact With the second layer of insu 
lating material, a ?rst dielectric cap layer betWeen the second 
layer of insulating material and the third layer of insulating 
material and a second dielectric cap layer on top of the third 
layer of insulating material, Wherein the ?rst and the second 
dielectric cap layers are formed of a material that includes 
atoms of Si, C, O and H, or preferably a p-SiCOH dielectric 
?lm of the present invention. 

[0085] Still other alternate embodiments of the present 
invention include an electronic structure Which has layers of 
insulating material as intralevel or interlevel dielectrics in a 
Wiring structure that includes a pre-processed semiconduct 
ing substrate that has a ?rst region of metal embedded in a ?rst 
layer of insulating material, a ?rst region of conductor 
embedded in a second layer of insulating material Which is in 
intimate contact With the ?rst layer of insulating material, the 
?rst region of conductor is in electrical communication With 
the ?rst region of metal, a second region of conductor that is 
in electrical communication With the ?rst region of conductor 
and is embedded in a third layer of insulating material, the 
third layer of insulating material is in intimate contact With 
the second layer of insulating material, and a diffusion barrier 
layer formed of the dielectric ?lm of the present invention 
deposited on at least one of the second and third layers of 
insulating material. 
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[0086] Still other alternate embodiments include an elec 
tronic structure Which has layers of insulating material as 
intralevel or interlevel dielectrics in a Wiring structure that 
includes a pre-processed semiconducting substrate that has a 
?rst region of metal embedded in a ?rst layer of insulating 
material, a ?rst region of conductor embedded in a second 
layer of insulating material Which is in intimate contact With 
the ?rst layer of insulating material, the ?rst region of con 
ductor is in electrical communication With the ?rst region of 
metal, a second region of conductor in electrical communi 
cation With the ?rst region of conductor and is embedded in a 
third layer of insulating material, the third layer of insulating 
material is in intimate contact With the second layer of insu 
lating material, a reactive ion etching (RIE) hard mask/polish 
stop layer on top of the second layer of insulating material, 
and a diffusion barrier layer on top of the RIE hard mask/ 
polish stop layer, Wherein the RIE hard mask/polish stop layer 
and the diffusion barrier layer are formed of the p-SiCOH 
dielectric ?lm of the present invention. 

[0087] Still other alternate embodiments include an elec 
tronic structure Which has layers of insulating materials as 
intralevel or interlevel dielectrics in a Wiring structure that 
includes a pre-processed semiconducting substrate that has a 
?rst region of metal embedded in a ?rst layer of insulating 
material, a ?rst region of conductor embedded in a second 
layer of insulating material Which is in intimate contact With 
the ?rst layer of insulating material, the ?rst region of con 
ductor is in electrical communication With the ?rst region of 
metal, a second region of conductor in electrical communi 
cation With the ?rst region of conductor and is embedded in a 
third layer of insulating material, the third layer of insulating 
material is in intimate contact With the second layer of insu 
lating material, a ?rst RIE hard mask, polish stop layer on top 
of the second layer of insulating material, a ?rst diffusion 
barrier layer on top of the ?rst RIE hard mask/polish stop 
layer, a second RIE hard mask/polish stop layer on top of the 
third layer of insulating material, and a second diffusion 
barrier layer on top of the second RIE hard mask/polish stop 
layer, Wherein the RIE hard mask/polish stop layers and the 
diffusion barrier layers are formed of the p-SiCOH dielectric 
?lm of the present invention. 

[0088] Still other alternate embodiments of the present 
invention includes an electronic structure that has layers of 
insulating material as intralevel or interlevel dielectrics in a 
Wiring structure similar to that described immediately above 
but further includes a dielectric cap layer Which is formed of 
the p-SiCOH dielectric material of the present invention situ 
ated betWeen an interlevel dielectric layer and an intralevel 
dielectric layer. 
[0089] In some embodiments as shoWn, for example in 
FIG. 6, an electronic structure containing at least tWo metallic 
conductor elements (labeled as reference numerals 97 and 
101) and a p-SiCOH dielectric material (labeled as reference 
numeral 98). Optionally, metal contacts 95 and 102 are used 
to make electrical contact to conductors 97 and 101. The 
inventive p-SiCOH dielectric 98 provides electrical isolation 
and loW capacitance betWeen the tWo conductors. The elec 
tronic structure is made using a conventional technique that is 
Well knoWn to those skilled in the art such as described, for 
example, in US. Pat. No. 6,737,727, the entire content of 
Which is incorporated herein by reference. 
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[0090] The at least tWo metal conductor elements are pat 
terned in a shape required for a function of a passive or active 
circuit element including, for example, an inductor, a resistor, 
a capacitor, or a resonator. 

[0091] Additionally, the inventive p-SiCOH dielectric can 
be used in an electronic sensing structure Wherein the opto 
electronic sensing element (detector) shoWn in FIG. 7A or 7B 
is surrounded by a layer of the inventive SiCOH dielectric 
material. The electronic structure is made using a conven 
tional technique that is Well knoWn to those skilled in the art. 
Referring to FIG. 7A, a p-i-n diode structure is shoWn Which 
can be a high speed Si based photodetector for IR signals. The 
n+ substrate is 110, and atop this is an intrinsic semiconductor 
region 112, and Within region 112 p+ regions 114 are formed, 
completing the p-i-n layer sequence. Layer 116 is a dielectric 
(such as SiO2) used to isolate the metal contacts 118 from the 
substrate. Contacts 118 provide electrical connection to the 
p+ regions. The entire structure is covered by the inventive 
SiCOH dielectric material, 120. This material is transparent 
in the IR region, and serves as a passivation layer. 
[0092] A second optical sensing structure is shoWn in FIG. 
7B, this is a simple p-n junction photodiode, Which can be a 
high speed IR light detector. Referring to FIG. 7B, the metal 
contact to substrate is 122, and atop this is an n-type semi 
conductor region 124, and Within this region p+ regions 126 
are formed, completing the p-n junction structure. Layer 128 
is a dielectric (such as SiO2) used to isolate the metal contacts 
130 from the substrate. Contacts 130 provide electrical con 
nection to the p+ regions. The entire structure is covered by 
the inventive p-SiCOH dielectric material, 132. This material 
is transparent in the IR region, and serves as a passivation 
layer. 
[0093] While the present invention has been particularly 
shoWn and described With respect to preferred embodiments 
thereof, it Will be understood by those skilled in the art that the 
foregoing and other changes in forms and details may be 
made Without departing from the spirit and scope of the 
present invention. It is therefore intended that the present 
invention not be limited to the exact forms and details 
described and illustrated, but fall Within the scope of the 
appended claims. 

What is claimed is: 
1. A method of fabricating a porous dielectric ?lm com 

prising: 
forming a dielectric ?lm comprises elements of Si, C, H 

and O on a surface of a substrate, said dielectric ?lm 
having a dielectric constant of about 2.7 or less, a ran 
dom covalently bonded tri-dimensional netWork and a 
multiplicity of nano-siZed pores, Wherein said pores 
include at least one of SiiOH groups and SiiH groups 
therein; and 

annealing said dielectric ?lm in a gaseous ambient that 
includes at least one C4C double bond, at least one 
C4C triple bond or a combination of at least one C4C 
double bond and at least one C4C triple bond, Wherein 
said annealing forms crosslinking i(CHx)i chains, 
Wherein x is 1, 2 or 3, that bond With at least one Si group 
that is formed by reaction betWeen an unsaturated 
hydrocarbon With Si4OH groups originally present in 
said pores. 

2. The method of claim 1 Wherein said forming said dielec 
tric ?lm comprises a deposition step and a high energy post 
deposition processing step that removes labile functional 
groups from an as deposited ?lm. 
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3. The method of claim 1 wherein said annealing occurs 
during said high energy post deposition processing step, after 
said high energy post deposition processing step, or during 
and after said high energy post deposition processing step. 

4. The method of claim 1 wherein the gaseous ambient is an 
unsaturated hydrocarbon having from about 2 to about 24 C 
atoms. 

5. The method of claim 1 wherein the gaseous ambient is an 
organosilicon compound with fully hydrophobic bonds and 
with a low strained Si4OiSi bonding structure or with 
single vinyl double bond (C:C) groups. 

6. The method of claim 1 wherein the gaseous ambient 
comprises a compound having an organosilicon group (R)3i 
SiiOH with silanol group bonding wherein R is the same or 
different and is a hydrocarbon, vinyl or diene group. 

7. The method of claim 1 wherein said annealing includes 
a thermal anneal, an ultraviolet (UV) anneal, a plasma anneal, 
a microwave anneal or any combination thereof. 

8. The method of claim 2 wherein said deposition step 
includes a plasma enhanced chemical vapor deposition pro 
cess. 

9. A method of forming a porous dielectric material com 
prising: 

forrning a dielectric ?lm comprises elements of Si, C, H 
and O on a surface of a substrate, said dielectric ?lm 
having a dielectric constant of about 2.7 or less and a 
random covalently bonded tri-dimensional network; 

treating said dielectric ?lm to form a multiplicity of nano 
siZed pores therein, wherein said pores include at least 
one of Si4OH groups and SiiH groups therein; and 

annealing said treated dielectric ?lm in a gaseous ambient 
that includes at least one C C double bond, at least one 
C4C triple bond or a combination of at least one C4C 
double bond and at least one CiC triple bond, wherein 
said annealing forms crosslinking i(CHx)i chains, 
wherein X is l, 2 or 3, that bond that bond with at least 
one Si group that is formed by reaction between an 
unsaturated hydrocarbon with SiiOH groups and 
SiiH groups originally present in said pores. 

10. The method of claim 9 wherein the gaseous ambient is 
an unsaturated hydrocarbon having from about 2 to about 24 
C atoms. 

11. The method of claim 9 wherein the gaseous ambient is 
an organosilicon compound with fully hydrophobic bonds 
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and with a low strained Si4OiSi bonding structure or with 
single vinyl double bond (C:C) groups. 

12. The method of claim 9 wherein the gaseous ambient 
comprises a compound having an organosilicon group (R)3i 
SiiOH with silanol group bonding wherein R is the same or 
different and is a hydrocarbon, vinyl or diene group. 

13. The method of claim 9 wherein said annealing includes 
a thermal anneal, an ultraviolet (UV) anneal, a plasma anneal, 
a microwave anneal or any combination thereof. 

14. A method of forming a porous dielectric material com 
prising: 

forrning a dielectric ?lm comprises elements of Si, C, H 
and O on a surface of a substrate, said dielectric ?lm 
having a dielectric constant of about 2.7 or less and a 
random covalently bonded tri-dimensional network; 

treating said dielectric ?lm to form a multiplicity of nano 
siZed pores therein, wherein said pores include at least 
some of SiiOH groups and SiiH groups therein 
wherein during said treating an annealing step is per 
formed in a gaseous ambient that includes at least one 
C4C double bond, at least one C4C triple bond or a 
combination of at least one C4C double bond and at 
least one C4C triple bond, wherein said annealing 
forms crosslinking i(CHx)i chains, wherein X is l, 2 
or 3, that that bond with at least one Si group that is 
formed by reaction between an unsaturated hydrocarbon 
with Si4OH groups and SiiH groups originally 
present in said pores. 

15. The method of claim 14 wherein the gaseous ambient is 
an unsaturated hydrocarbon having from about 2 to about 24 
C atoms. 

16. The method of claim 15 wherein the gaseous ambient is 
an organosilicon compound with fully hydrophobic bonds 
and with a low strained Si4OiSi bonding structure or with 
single vinyl double bond (C:C) groups. 

17. The method of claim 15 wherein the gaseous ambient 
comprises a compound having an organosilicon group (R)3i 
SiiOH with silanol group bonding wherein R is the same or 
different and is a hydrocarbon, vinyl or diene group. 

18. The method of claim 15 wherein said annealing 
includes a thermal anneal, an ultraviolet (UV) anneal, a 
plasma anneal, a microwave anneal or any combination 
thereof. 


