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(57) ABSTRACT 

SSET£$€£§£§$§PHY & PRESSER P C The present invention provides a multiphase, ultra loW k ?lm 
400 G AR’DEN CI,i_Y PLAZA SUITE 300 ’ ' ' Which exhibits improved elastic modulus and hardness as 
GARDEN CITY NY 11530 I’Js Well as various methods for forming the same. The mul 

’ ( ) tiphase, ultra loW k dielectric ?lm includes atoms of Si, C, O 
. and H, has a dielectric constant of about 2.4 or less, nanosiZed 

(73) Asslgnee' pores or voids, an elastic modulus of about 5 or greater and a 

Ar nk NY Us ’ hardness of about 0.7 or greater. A preferred multiphase, ultra 
m0 ’ ( ) loW k dielectric ?lm includes atoms of Si, C, O and H, has a 

_ dielectric constant of about 2.2 or less, nanosiZed pores or 
(21) Appl' NO" 12/541’471 voids, an elastic modulus of about 3 or greater and a hardness 

. _ of about 0.3 or greater. The multiphase, ultra loW k ?lm is 
(22) Flled' Aug‘ 14’ 2009 prepared by plasma enhanced chemical vapor deposition in 

. . Which one of the following alternatives is utilized: at least one 
Related U's' Apphcatlon Data precursor gas comprising siloxane molecules containing at 

(62) Division of application No. 11/870,263, ?led on Oct. least three SiAO bOndS; Or at least One precursor gas 00m 
10, 2007, Which is a division of application No. 
10/390,801, ?led on Mar. 18, 2003, noW Pat. No. 
7,288,292. 

prising molecules containing reactive groups that are sensi 
tive to e-beam radiation. Electronic structures including the 
multiphase, ultra loW k ?lm are also disclosed. 
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ULTRA LOW K (ULK) SICOH FILM AND 
METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application is a divisional application of 
parent application Ser. No. 11/870,263 ?led on Oct. 10, 2007, 
Which is a divisional application of parent application Ser. 
No. 10/390,801, ?led on Mar. 18, 2003. This application is 
related to co-assigned US. Pat. Nos. 6,312,793, 6,441,491 
and 6,479,110 B2, the disclosures of Which are incorporated 
herein by reference. 
[0002] The present invention generally relates to ultra loW 
dielectric constant (k) ?lms, methods of fabricating such 
?lms and to electronic devices containing such ?lms. More 
particularly, the present invention relates to multiphase, ultra 
loW k ?lms for use as an intralevel or interlevel dielectric ?lm, 
a cap material, or a hard mask/polish stop in a ULSI back 
end-of-the-line (BEOL) Wiring structure, electronic struc 
tures containing the ?lms and methods of fabricating such 
?lms and structures. 

BACKGROUND 

[0003] The continuous shrinking in dimensions of elec 
tronic devices utiliZed in ULSI (ultra large scale integrated) 
circuits in recent years has resulted in increasing the resis 
tance of the BEOL metalliZation as Well as increasing the 
capacitance of the intralayer and interlayer dielectric mate 
rial. This combined effect, in turn, increases signal delay in 
ULSI electronic devices. In order to improve the sWitching 
performance of future ULSI circuits, loW dielectric constant 
(k) insulators and particularly those With k signi?cantly loWer 
than that of silicon dioxide are needed to reduce the capaci 
tance. Speci?cally, loW k insulators having a k value of less 
than 4.0 are needed. Unless otherWise noted, all k values 
mentioned in the present application are measured relative to 
a vacuum. 

[0004] Dielectric materials that have loW k values have 
been commercially available; for instance, one such material 
is polytetra?uoroethylene (PTFE) With a k value of 2.0. HoW 
ever, these dielectric materials are generally not thermally 
stable When exposed to temperatures above 3000 C.-350o C. 
Which renders them useless during integration of these dielec 
trics in ULSI chips Which require a thermal stability of at least 
4000 C. 
[0005] Typical prior art loW k materials that have been 
considered for application in ULSI devices include polymers 
that contain silicon (Si), carbon (C) and oxygen (0), such as 
methylsiloxane, methylsesquioxanes, and other organic and 
inorganic polymers. For instances, materials described in a 
paper “Properties of neW loW dielectric constant spin-on sili 
con oxide based dielectrics” by N. Hacker et al., published in 
Mat. Res. Soc. Symp. Proc., vol. 476 (1997) p25 appear to 
satisfy the thermal stability requirement, even though some of 
these materials propagate cracks easily When reaching thick 
nesses needed for integration in the interconnect structure 
When ?lms are prepared by a spin-on technique. Furthermore, 
the precursor materials are high cost and prohibitive foruse in 
mass production. In contrast to this, most of the fabrication 
steps of VLSI and ULSI chips are carried out by plasma 
enhanced chemical or physical vapor deposition techniques. 
[0006] The ability to fabricate a loW-k material by a plasma 
enhanced chemical vapor deposition (PECVD) technique 
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using previously installed and available processing equip 
ment Will thus simplify its integration in the manufacturing 
process, reduce manufacturing cost, and create less haZard 
ous Waste. US. Pat. Nos. 6,147,009 and 6,497,963 assigned 
to the common assignee of the present invention, Which are 
incorporated herein by reference in their entirety, describe a 
loW dielectric constant material consisting of Si, C, O and H 
atoms having a dielectric constant not more than 3.6 and 
Which exhibits very loW crack propagation velocities. 
[0007] 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 Si, C, O and H atoms, a phase com 
posed mainly of C and H and having a dielectric constant of 
not more than 3.2. 

[0008] Ultra loW k ?lms having a dielectric constant of less 
than 2.7 (and preferably less than 2.3) are also knoWn in the 
art. A major problem With prior art ultra loW k ?lms is that 
When integrating such ?lms in ULSI devices, the integrated 
?lms exhibit poor mechanical strength. Generally, ultra loW k 
?lms have a much loWer elastic modulus and hardness as 
compared With ?lms With k values of approximately 2.7-3. 
[0009] In vieW of the above draWbacks With prior art ultra 
loW k ?lms, there exists a need for developing PECVD pro 
ces ses that can produce ultra loW k ?lms that exhibit improved 
mechanical properties such as improved elastic modulus and 
hardness. 

BRIEF SUMMARY 

[0010] It is therefore an object of the present invention to 
provide an ultra loW dielectric constant (k) ?lm having a 
dielectric constant of not more than 2.7 Which also exhibits 
improved mechanical properties such as improved elastic 
modulus and hardness. 
[0011] It is another object of the present invention to pro 
vide PECVD methods for fabricating the ultra loW k ?lms of 
the present invention. 
[0012] It is a further object of the present invention to 
provide a method for fabricating an ultra loW k ?lm that 
comprises at least tWo phases, i.e., a multiphase ?lm, Wherein 
the ?rst phase is comprised of Si, C, O and H, i.e., a hydro 
genated oxidiZed silicon carbon, or carbon doped oxide, CDO 
?lm (henceforth called SiCOH), and at least a second phase 
that consists essentially of C and H atoms. The multiphase, 
ultra loW k ?lm of the present invention, Which mainly com 
prises atoms of Si, C, O and H, has a stronger skeleton 
compared to the multiphase material disclosed in US. Pat. 
Nos. 6,312,793, 6,347,443 and 6,479,110 B2. 
[0013] It is a further object of the present invention to 
prepare a multiphase, ultra loW k ?lm that contains nanom 
eter-siZed pores or voids, Which are on the order of about 0.5 
to about 20 nm. 

[0014] It is yet another object of the present invention to 
prepare a multiphase, ultra loW k ?lm Which has a dielectric 
constant of 2.4 or less, an elastic modulus of about 5 or greater 
and a hardness of about 0.7 or greater, Which values are 
greater than existing ultra loW k ?lms. All elastic modulus and 
hardness values recited herein are expressed in GPa, unless 
otherWise indicated, and are measured by nanoidentation 
techniques Well knoWn in the art. 
[0015] It is yet another object of the present invention to 
prepare a multiphase, ultra loW k ?lm Which has a dielectric 
constant of 2.2 or less, an elastic modulus of about 3 or greater 
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and a hardness of about 0.3 or greater, Which values are 
greater than existing ultra loW k ?lms. 
[0016] It is still another further object of the present inven 
tion to provide methods for fabricating a multiphase, ultra loW 
k ?lm in a parallel plate plasma enhanced chemical vapor 
deposition reactor. 
[0017] It is yet another object of the present invention to 
provide methods for fabricating a multiphase, ultra loW k ?lm 
for use in electronic structures as an intralevel or interlevel 

dielectric in a BEOL interconnect structure. 

[0018] It is still another further object of the present inven 
tion to provide an electronic structure incorporating layers of 
insulating materials as intralevel or interlevel dielectrics in a 
BEOL Wiring structure in Which at least one of the layers of 
insulating materials is a multiphase, ultra loW k ?lm of the 
present invention. 
[0019] It is yet another further object of the present inven 
tion to provide an electronic structure Which has layers of the 
inventive multiphase, ultra loW k ?lms as intralevel or inter 
level dielectrics in a BEOL Wiring structure Which contains at 
least one dielectric cap layer formed of different materials for 
use as a reactive ion etching mask, a polish stop or a diffusion 
barrier. 
[0020] These and other objects and advantages are 
achieved in the present invention by utiliZing a method Which 
includes one of the folloWing alternatives: at least one pre 
cursor gas comprising siloxane molecules containing at least 
three Si4O bonds; or at least one precursor gas comprising 
siloxane molecules containing reactive groups that are sensi 
tive to e-beam radiation. 

[0021] In accordance With the present invention, a mul 
tiphase, ultra loW k ?lm comprising atoms of Si, C, O and H 
is provided. The multiphase, ultra loW k ?lm of the present 
invention has a dielectric constant of about 2.7 or less, and 
more importantly, the ?lm of the present invention has 
improved mechanical properties. In particular, the mul 
tiphase, ultra loW k ?lm of the present invention is character 
iZed as having a dielectric constant of 2.4 or less, an elastic 
modulus of about 5 or greater and a hardness of about 0.7 or 
greater. More preferably, the multiphase, ultra loW k dielec 
tric ?lm of the present invention has a dielectric constant of 
2.2 or less, an elastic modulus of about 3 or greater, and a 
hardness of from about 0.3 or greater. The elastic modulus 
and hardness are typically measured by nanoindentation tech 
niques, and these properties generally decrease as the dielec 
tric constant is decreased. 

[0022] The multiphase, ultra loW k ?lm of the present 
invention may be formed utiliZing one of the folloWing three 
embodiments. In the ?rst embodiment, the multiphase, ultra 
loW k ?lm is prepared by the steps of: providing a plasma 
enhanced chemical vapor deposition reactor; positioning a 
substrate in the reactor; ?oWing a ?rst precursor gas contain 
ing atoms of Si, C, O and H into the reactor; ?oWing a second 
precursor gas comprising mainly organic molecules contain 
ing atoms of C, H, and optionally O, F, and N into the reactor; 
?oWing a precursor gas comprising siloxane molecules con 
taining at least three, preferably four, Si4O bonds into the 
reactor; and depositing a multiphase, ultra loW k ?lm on the 
substrate. Optionally, the deposited ?lm can be heat treated at 
a temperature of not less than 300° C. for a time period of at 
least 0.25 hour. The ?rst embodiment of the present invention 
may further include the step of providing a parallel plate 
reactor Which has a conductive area of a substrate chuck 
betWeen about 300 cm2 and about 800 cm2, and a gap betWeen 
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the substrate and a top electrode betWeen about 0.1 cm and 
about 10 cm. A RF poWer is applied to at least one of the 
electrodes. The substrate may be positioned on the poWered 
electrode or on the grounded electrode. 

[0023] In a second embodiment, the multiphase, ultra loW k 
?lm can be prepared using a method Which includes the steps 
of: providing a plasma enhanced chemical vapor deposition 
reactor; positioning a substrate in the reactor; ?oWing a ?rst 
precursor gas containing atoms of Si, C, O and H into the 
reactor; ?oWing a second precursor gas comprising mainly 
organic molecules containing atoms of C, H, and optionally F, 
N and 0 into the reactor; ?oWing a precursor gas comprising 
molecules containing reactive groups that are sensitive to 
e-beam radiation into the reactor; depositing a multiphase, 
ultra loW k ?lm on the substrate; and curing the deposited ?lm 
With e-beam radiation. The second embodiment of the present 
invention may further include the step of providing a parallel 
plate reactor Which has a conductive area of a substrate chuck 
betWeen about 300 cm2 and about 800 cm2, and a gap betWeen 
the substrate and a top electrode betWeen about 0.1 cm and 
about 10 cm. A RF poWer is applied to at least one of the 
electrodes. The substrate may be positioned on the poWered 
electrode or on the grounded electrode. 

[0024] In a third embodiment of the present invention, the 
multiphase, ultra loW k dielectric ?lm is prepared by the steps 
of providing a plasma enhanced chemical vapor deposition 
reactor; positioning a substrate in the reactor; ?oWing a ?rst 
precursor gas containing atoms of Si, C, O and H into the 
reactor; ?oWing a precursor gas comprising molecules con 
taining reactive groups that are sensitive to e-beam radiation 
into the reactor; depositing a multiphase, ultra loW k ?lm on 
the substrate; and curing the deposited ?lm With e-beam 
radiation. The third embodiment of the present invention may 
further include the step of providing a parallel plate reactor 
Which has a conductive area of a substrate chuck betWeen 
about 300 cm2 and about 800 cm2, and a gap betWeen the 
substrate and a top electrode betWeen about 0.1 cm and about 
10 cm. A RF poWer is applied to at least one of the electrodes. 
The substrate may be positioned on the poWered electrode or 
on the grounded electrode. 
[0025] It is noted that in each of the three embodiments 
mentioned above the ?rst precursor may consist of a mixture 
of gases and a precursor gas mixture is used in forming the 
inventive multiphase, ultra loW k ?lm. 
[0026] In any of the three embodiments described above, 
He, CO2 or a mixture of CO2 and 02 may be used in conjunc 
tion With one of the precursor gasses or may be added directly 
to the reactor. In yet another embodiment of the present 
invention, He or CO2 (or a mixture of He and CO2) may be 
employed as a carrier gas. 

[0027] The present invention is further directed to an elec 
tronic structure Which has layers of insulating materials as 
intralevel or interlevel dielectrics in a BEOL interconnect 
structure Which 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 
includes a multiphase, ultra loW k material of the present 
invention, the second layer of insulating 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 conduc 
tor being in electrical communication With the ?rst region of 
conductor and being embedded in a third layer of insulating 
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material including the inventive multiphase, ultra loW k ?lm, 
the third layer of insulating material being in intimate contact 
With the second layer of insulating material. 
[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] The dielectric cap material can be selected from 
silicon oxide, silicon nitride, silicon oxinitride, silicon carbon 
nitride (SiCN), refractory metal silicon nitride With the 
refractory metal being Ta, Zr, Hf or W, silicon carbide, silicon 
carbo-oxide, carbon doped oxides and their hydrogenated or 
nitrided compounds. The ?rst and the second dielectric cap 
layers may be selected from the same group of dielectric 
materials. The ?rst layer of insulating material may be silicon 
oxide or silicon nitride or doped varieties of these materials, 
such as PSG or BPSG. The electronic structure may further 
include a diffusion barrier layer of a dielectric material depos 
ited 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 mate 
rial for use as a RIE hard mask/polish stop layer and a dielec 
tric 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 second layer of insulating material, a ?rst dielectric 
RIE diffusion 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 electronic structure may fur 
ther include a dielectric cap layer of same materials as men 
tioned above betWeen an interlevel dielectric of a multiphase 
material and an intralevel dielectric of an ultra loW k ?lm of 
the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] These and other objects, features and advantages of 
the present invention Will become apparent from the folloW 
ing detailed description and the appended draWings in Which: 
[0031] FIG. 1A is an enlarged, cross-sectional vieW of the 
present invention dual-phase material. 
[0032] FIG. 1B is a schematic representation of the random 
covalent structure of the ?rst phase of the present invention 
dual-phase material. 
[0033] FIG. 2 is an enlarged, cross-sectional vieW of the 
present invention tri-phase material. 
[0034] FIG. 3 is a cross-sectional vieW of the present inven 
tion parallel plate chemical vapor deposition reactor. 
[0035] FIG. 4 is an enlarged, cross-sectional vieW of a 
present invention electronic device having an intralevel 
dielectric layer and an interlevel dielectric layer formed of the 
multiphase, ultra loW k ?lm. 
[0036] FIG. 5 is an enlarged, cross-sectional vieW of the 
present invention electronic structure of FIG. 4 having an 
additional diffusion barrier dielectric cap layer deposited on 
top of the multiphase, ultra loW k ?lm of the present invention. 
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[0037] FIG. 6 is an enlarged, cross-sectional vieW of the 
present invention electronic structure of FIG. 5 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. 
[0038] FIG. 7 is an enlarged, cross-sectional vieW of the 
present invention electronic structure of FIG. 6 having addi 
tional RIE hard mask/polish stop dielectric layers deposited 
on top of the multiphase, ultra loW k ?lm. 

DETAILED DESCRIPTION 

[0039] The present invention discloses a multiphase, ultra 
loW k ?lm that has improved elastic modulus and hardness, 
and methods for fabricating such ?lms. The ?lms disclosed in 
the preferred embodiment contain at least tWo phases, in 
Which the ?rst phase is a “host” matrix of a hydrogenated 
oxidiZed silicon carbon material (SiCOH) consisting of Si, C, 
O and H in a covalently bonded netWork. The other phases of 
the multiphase, loW k ?lm of the invention consist mainly of 
C and H atoms. The multiphase, ultra loW k ?lm may further 
contain molecular scale pores or voids, i.e., approximately 
0.5 to 20 nanometer in diameter. 
[0040] Moreover, the multiphase, ultra loW k ?lm of the 
present invention has a dielectric constant of not more than 
about 2.7, preferably not more than about 2.4, an elastic 
modulus of about 7 or greater, and a hardness of from about 
1.2 or greater. Even more preferably said multiphase, ultra 
loW k ?lm has a dielectric constant of not more than about 2.2, 
an elastic modulus of about 5 or greater, and a hardness of 
from about 0.8 or greater. The present invention further dis 
closes various methods for fabricating a multiphase, ultra loW 
k ?lm using a parallel plate plasma enhanced chemical vapor 
deposition reactor. 
[0041] Referring noW to FIG. 1A, a dual-phase material of 
the present invention is shoWn in an enlarged, cross-sectional 
vieW. The ?rst phase 100 is a “host” matrix Which is a hydro 
genated oxidiZed silicon carbon material (SiCOH) including 
Si, C, O and H in a covalently bonded netWork and has a 
dielectric constant of not more than 3.6. The covalently 
bonded netWork structure of the ?rst phase is shoWn in FIG. 
1B. 
[0042] Referring noW to FIG. 1B, the solid lines represent 
covalent bonds betWeen the Si, C, O and H atoms. This is a 
random netWork, so that no fundamental repeating unit exists 
for the structure. The hydrogen atoms are shoWn as “H” 
labeled 101. The oxygen atoms in the netWork are shoWn as 
“O” and are labeled 102. The carbon atoms in the netWork are 
represented by “C” and are labeled 103. The silicon atoms in 
the netWork arc represented by the intersection of four lines 
and are labeled 104. The oxygen atoms, 102, lie betWeen 2 
atoms of either C or Si. 

[0043] Located Within the ?rst phase is the second phase 
105 of the present invention ultra loW k material. The second 
phase consists essentially of C and H atoms. The multiphase 
material further includes a multiplicity of pores of nanometer 
siZe, i.e., from 0.5 to 20 nanometer in diameter. The 
covalently bonded netWork structure of the ?rst phase, also 
called the “host” matrix, is shoWn in FIG. 1B. 
[0044] Referring to FIG. 2, a tri-phase ultra loW material of 
the present invention is shoWn in an enlarged, cross-sectional 
vieW. The ?rst phase 100 is a “host” matrix Which is a hydro 
genated oxidiZed silicon carbon material (SiCOH) consisting 
of Si, C, O and H in a covalently bonded netWork and having 
a dielectric constant of not more than 3 .6. The structure of the 
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?rst phase has been shown above in FIG. 1B. Located Within 
the ?rst phase is the second phase 105 of the present invention 
ultra loW k material and the third phase 107 of the present 
invention ultra loW k material. The second phase consists 
essentially of C and H atoms and a multiplicity of pores of a 
nanometer siZe, i.e., from 0.5 to 200 nanometer in diameter. 

[0045] In an alternative embodiment of the ?lm of this 
invention, a third phase 107 may be present as open regions 
(or voids) that may be described as a disruption of the random 
netWork (FIG. 1B) of the ?rst phase of the multiphase mate 
rial of this invention. Alternatively, the third phase consists of 
C and H atoms, and a multiplicity of pores of a nanometer 
siZe. The siZe of the pores may be larger than the pores in the 
dual-phase composition. Speci?cally, the siZe of the pores in 
the third phase is from 0.5 to 100 nanometer in diameter. 

[0046] The multiphase, ultra loW k ?lms of the present 
invention are also characterized as having about 5 to about 40 
atomic percent Si; about 5 to about 45 percent C; from 0 to 
about 50 atomic percent O; and about 10 to about 55 atomic 
percent H. 
[0047] More preferably, said ?lms have about 10 to about 
20 atomic percent Si; about 20 to about 35 percent C; from 15 
to about 35 atomic percent O; and about 20 to about 45 atomic 
percent H. 

[0048] In an example ?lm produced according to the inven 
tion, the composition is 15 atomic percent Si; 28 percent C; 24 
atomic percent O; and 33 atomic percent H, With a density of 
1.55:0.02 grams/cm3 as measured using RES. 
[0049] As stated above, the multiphase, ultra loW k ?lm of 
the present invention may be formed utiliZing three different 
embodiments. In the ?rst embodiment, the ultra loW k ?lm is 
prepared by the steps of: providing a plasma enhanced chemi 
cal vapor deposition reactor, positioning a substrate in the 
reactor, ?oWing a ?rst precursor gas, or gas mixture contain 
ing atoms of Si, C, O and H into the reactor, ?oWing a second 
precursor gas comprising mainly organic molecules contain 
ing atoms of C, H, and optionally F, N and O into the reactor, 
?oWing a third precursor gas comprising siloxane molecules 
containing at least three, preferably four, Si4O bonds into 
the reactor and depositing an ultra loW k ?lm on the substrate. 

[0050] In the second embodiment, the ultra loW k ?lm can 
be prepared using a method Which includes the steps of: 
providing a plasma enhanced chemical vapor deposition reac 
tor, positioning a substrate in the reactor, ?oWing a ?rst pre 
cursor gas containing atoms of Si, C, O and H into the reactor, 
?oWing a second precursor gas comprising mainly organic 
molecules containing atoms of C, H, and optionally F, N and 
O into the reactor, ?oWing a third precursor gas comprising 
molecules containing reactive groups that are sensitive to 
e-beam radiation into the reactor, depositing an ultra loW k 
?lm on the substrate in the reactor and curing the deposited 
?lm With e-beam radiation. The third precursor gas may be a 
siloxane or a bifunctional organic molecule. 

[0051] In the third embodiment of the present invention, the 
ultra loW k dielectric ?lm is prepared by the steps of providing 
a plasma enhanced chemical vapor deposition reactor, posi 
tioning a substrate in the reactor, ?oWing a ?rst precursor gas 
containing atoms of Si, C, O and H into the reactor, ?oWing a 
second precursor gas comprising molecules containing reac 
tive groups that are sensitive to e-beam radiation into the 
reactor, depositing an ultra loW k ?lm on the substrate and 
curing the deposited ?lm With e-beam radiation. The second 
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precursor gas employed in the third embodiment of the 
present invention may be a siloxane or a bifunctional organic 
molecule. 

[0052] In the three embodiments of the present invention 
mentioned above, the ?rst precursor utiliZed may be selected 
from one or more molecules containing at least atoms of Si, C, 
O and H. OxidiZing molecules such as O2 or N2O can be 
added to the ?rst precursor. Preferably the ?rst precursor is a 
siloxane containing Si, C, O and H atoms, With cyclic silox 
anes being especially preferred. Examples of some highly 
preferred ?rst precursors include siloxanes selected from 
molecules With ring structures such as l,3,5,7-tetramethylcy 
clotetrasiloxane (TMCTS or C4Hl6O4Si4), octamethylcy 
clotetrasiloxane (OMCTS, C8H24O4Si4), tetraethylcyclotet 
rasiloxane (C8H24O4Si4), decamethylcyclopentasiloxane 
(C 1OH3OO5Si5), trimethylcyclotrisiloxane, hexamethylcyclo 
trisiloxane, molecules of methylsilanes mixed With an oxi 
diZing agent such as O2 or N20 or precursor mixtures includ 
ing Si, O and C. The precursor can be delivered directly as a 
gas to the reactor, delivered as a liquid vaporiZed directly 
Within the reactor, or transported by an inert carrier gas such 
as helium or argon. The ?rst precursor gas may further con 
tain elements such as nitrogen, ?uorine or germanium. 

[0053] The second precursor utiliZed in the ?rst and second 
embodiments of the present invention may be selected from 
one or more organic molecules containing C and H atoms. 
Thus, the present invention contemplates instances Where a 
single second precursor, or a combination of tWo or more, 
preferably tWo different, second precursors are employed. 
Optionally, O, N or F atoms may be contained in the organic 
molecules, or organic molecules containing such atoms may 
be added to the precursor mixture. The precursor can be 
delivered directly as a gas to the reactor, delivered as a liquid 
vaporiZed directly Within the reactor, or transported by an 
inert carrier gas such as helium or argon. 

[0054] In one embodiment, the second precursor is selected 
from the group comprising molecules With ring structures 
containing C and H atoms such as cyclic hydrocarbons, cyclic 
alcohols, cyclic ethers, cyclic aldehydes, cyclic ketones, 
cyclic esters. phenols, cyclic amines, or other O, N or F 
containing cyclic hydrocarbons. More preferably, the second 
precursor molecule is a multicyclic (or polycyclic) hydrocar 
bon containing about 6 to 12 carbon atoms, With preferably 
rings of 3 or more atoms. Preferred examples include 2,5 
norbornadiene (also knoWn as bicyclo[2.2.l]hepta-2,5-di 
ene), norbomylene 2,5-norbornadiene (also knoWn as bicyclo 
[2.2.l]hepta-2,5-diene), norbornane (also knoWn as bicyclo 
[2.2.l]heptane). Other examples are tricyclo[3.2.l .0]octane, 
tricyclo[3.2.2.0]nonane, connected ring hydrocarbons such 
as spiro[3.4]octane, spirol[4.5]nonane, spiro[5.6]decane, and 
the like. Alternatively, cyclic hydrocarbons containing from 5 
to 12 carbon atoms (cyclopentane, cyclohexane, and the like) 
and also cyclic aromatic hydrocarbons containing 6 to 12 C 
atoms (benZene, toluene, xylenes, and the like) may be used. 
Optionally, O or F atoms may be contained in the molecules, 
or molecules containing such atoms added to the precursor 
mixture. 

[0055] Especially useful, are species containing fused 
rings, at least one of Which contains a heteroatom, preferen 
tially 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 
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as oxabicyclics. Among the readily available examples of 
these, are 6-oxabicyclo[3.1.0]hexane or cyclopentene oxide 
(bp:102° C. at 760 mm Hg); 
7-oxabicyclo[4.1.0]heptane or cyclohexene oxide (bp:129° 
C. at 760 mm Hg); 9-oxabicyclo[6.1.0]nonane or cyclooctene 
oxide (bp:55° C. at 5 mm Hg); and 7-oxabicyclo[2.2.1]hep 
tane or 1,4-epoxycyclohexane (bp:119° C. at 713 mm Hg). 
One highly preferred fused ring species that is employed in 
the ?rst embodiment of the present invention is cyclopentene 
oxide (CPO). 
[0056] In the ?rst embodiment of the present invention, the 
method includes a third precursor or a mixture thereof Which 
comprises siloxane molecules containing at least three, pref 
erably 4, Si4O bonds. This precursor employed in the ?rst 
embodiment of the present invention adds a small concentra 
tion (on the order of from about 0.1 to about 10% based on the 
total precursor How) of tetrahedral SiiO bonding to the 
resultant multiphase, ultra loW k ?lm. The third precursor 
employed in the ?rst embodiment of the present invention 
may include a siloxane selected from tetramethylorthosilicate 
(TMOS), tetraethylorthosilicate (TEOS), vinyltriethoxysi 
lane, allyltrimethoxysilane, vinyltrimethoxysilane, allyltri 
ethoxysilane, phenyltriethoxysilane, and phenyltrimethox 
ysilane. This group of precursors also includes siloxanes 
containing 2 unsaturated groups such as, for example, divi 
nyldimethoxysilane. The precursor can be delivered directly 
as a gas to the reactor, delivered as a liquid vaporiZed directly 
Within the reactor, or transported by an inert carrier gas such 
as helium or argon. 

[0057] The second and third embodiments of the present 
invention recite the use of a precursor gas or a mixture thereof 
comprising molecules that contain reactive groups that are 
sensitive to e-beam radiation, typically these are unsaturated 
hydrocarbon groups containing at least 1 CiC double, triple 
bond or an unsaturated ring. The precursor may be a siloxane 
containing an unsaturated hydrocarbon group, or it may be a 
bifunctional organic molecule. Examples of reactive groups 
that are sensitive to e-beam radiation include, but are not 
limited to: vinyl, allyl, phenyl, acetylenic groups, and mix 
tures thereof. Illustrative examples of precursor gases com 
prising siloxane molecules that contain e-beam sensitive 
reactive groups include: vinyltrimethoxysilane, allyltrieox 
ysilane, allyltrimethoxysilane, phenyltriethoxysilane, phe 
nyltrimethoxysilane, and related siloxanes containing unsat 
urated hydrocarbon groups, including but not limited to vinyl, 
allyl, phenyl, and acetylenic groups. Illustrative examples of 
precursor gases comprising bifunctional organic molecules 
that contain e-beam sensitive reactive groups include straight 
chain unsaturated molecules such as 1,3-butadiene, 1,4-pen 
tadiene, 1,5-hexadiene, and also monocyclic bifunctional 
molecules such as cyclooctadiene, bicyclic bifunctional mol 
ecules such as bicyclo [2.2.1]hepta-2,5-diene (or “norborna 
diene”) and related organic molecules containing more than 
one unsaturated CiC double or triple bond. 

[0058] The precursor can be delivered directly as a gas to 
the reactor, delivered as a liquid vaporiZed directly Within the 
reactor, or transported by an inert carrier gas such as helium or 
argon. 
[0059] The methods of the present invention each include 
the use of a plasma enhanced chemical vapor deposition 
(PECVD) reactor. The deposition made be performed in a 
continuous mode or in a pulsed mode. Preferably, the PECVD 
reactor employed in the present invention is a parallel plate 
type reactor. FIG. 3 provides a simpli?ed vieW of a parallel 
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plate PECVD reactor 10 for processing 200 mm Wafers that 
may be employed in the present invention. The gas precursors 
are introduced into reactor 10 through the gas distribution 
plate (GDP) 14, Which is separated from the substrate chuck 
12 by a gap and are pumped out through a pumping port 18. 
The RF poWer 20 is connected to the substrate chuck 12 and 
transmitted to the substrate 22. For practical purposes, all 
other parts of the reactor are grounded. The substrate 22 thus 
acquires a negative bias, Whose value is dependent on the 
reactor geometry and plasma parameters. In a different 
embodiment, the RF poWer 20 can be connected to the GDP 
14, Which is electrically insulated from the reactor, and the 
substrate chuck 12 is grounded. In another embodiment, more 
than one electrical poWer supply can be used. For instance, 
tWo poWer supplies can operate at the same RF frequency, or 
one may operate at a loW frequency and one at a high fre 
quency. The tWo poWer supplies may be connected both to the 
same electrode or to separate electrodes. In another embodi 
ment, the RF poWer supply can be pulsed on and off during 
deposition. Process variables controlled during deposition of 
the loW-k ?lms are RF poWer, precursor mixture and How rate, 
pressure in reactor, and substrate temperature. 
[0060] In FIG. 3, X represents the distance betWeen side 
Walls of the reactor,Y represents the distance betWeen the top 
and bottom Walls of the reactor, and Z represents the distance 
betWeen the top Wall of the reactor and the top surface of 
substrate 22. 
[0061] The main process variables controlled during a 
deposition process for a ?lm are the RF poWer, the How rates 
of the precursors, the reactor pressure and the substrate tem 
perature. It should be emphasiZed that the fabricating method 
according to the present invention is only possible by utiliZing 
a deposition reactor that has a speci?c geometry With 
uniquely de?ned groWth conditions. When a reactor of dif 
ferent geometry is used under the de?ned groWth conditions, 
the ?lms produced may not achieve the ultra loW dielectric 
constant. 

[0062] For instance, the parallel plate reactor according to 
the present invention should have an area of the substrate 
chuck of betWeen about 300 cm2 and about 800 cm2, and 
preferably betWeen about 500 cm and about 600 cm2. The gap 
betWeen the substrate and the gas distribution plate (or top 
electrode) is betWeen about 0.1 cm and about 10 cm, and 
preferably betWeen about 1.5 cm and about 7 cm. A RF poWer 
is applied to one of the electrodes at a frequency betWeen 
about 12 MHZ and about 15 MHZ, and preferably at about 
13.56 MHZ. A loW frequency, beloW 1 MHZ, poWer can 
optionally be applied at the same electrode as the RF poWer, 
or to the opposite electrode at a poWer density of 0 to 1.5 
W/cm2. 
[0063] The deposition conditions utiliZed are also critical to 
enable a successful implementation of the deposition process 
according to the present invention. For instance, a Wafer 
temperature of betWeen about 25° C. and about 325° C., and 
preferably of betWeen about 60° C. and about 200° C. is 
utiliZed. A RF poWer density betWeen about 0.05 W/cm2 and 
about 4.0 W/cm2, and preferably betWeen about 0.25 W/cm2 
and about 4 W/cm2 is utiliZed. 

[0064] In the ?rst embodiment of the present invention, a 
reactant gas ?oW rate of the ?rst precursor gas, e. g., TMCTS, 
betWeen about 5 sccm and about 1000 sccm, and preferably 
betWeen about 25 sccm and about 200 sccm is utiliZed. The 
reactant gas ?oW rate of the second precursor gas, e.g., CPO, 
betWeen about 5 sccm and about 50,000 sccm, and preferably 
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between about 25 seem and about 10,000 seem is utilized. 
The gas ?oW rate of the third preeursor gas, i.e., siloxane 
moleeules containing at least three Si4O bonds, employed in 
the ?rst embodiment of the present invention is betWeen 
about 5 seem to about 1000 seem, With a How rate betWeen 10 
seem to about 500 seem of the third preeursor gas being more 
highly preferred. 
[0065] In the second embodiment of the present invention, 
a reaetant gas ?oW rate of the ?rst preeursor gas, e.g., 
TMCTS, betWeen about 5 seem and about 1000 seem, and 
preferably betWeen about 25 seem and about 200 seem is 
utiliZed. The reaetant gas ?oW rate of the second preeursor 
gas, e.g., CPO, betWeen about 5 seem and about 50,000 seem, 
and preferably betWeen about 25 seem and about 10,000 seem 
is utiliZed. The gas ?oW rate of the third preeursor gas, i.e., 
moleeules eontaining reactive groups that are sensitive to 
e-beam radiation, employed in the second embodiment of the 
present invention is betWeen about 5 seem to about 1000 
seem, With a How rate betWeen 10 seem to about 500 seem 

being more highly preferred. 
[0066] In the third embodiment of the present invention, a 
reaetant gas ?oW rate of the ?rst preeursor gas, e.g., TMCTS, 
betWeen about 5 seem and about 1000 seem, and preferably 
betWeen about 25 seem and about 200 seem is utiliZed. The 
reaetant gas ?oW rate of the second preeursor gas, i.e., mol 
ecules eontaining reactive groups that are sensitive to e-beam 
radiation, employed in the third embodiment of the present 
invention is betWeen about 5 seem to about 1000 seem, With 
a How rate betWeen 10 seem to about 500 seem being more 

highly preferred. 
[0067] In some embodiments of the present invention, He is 
added to the above-mentioned mixtures at a How rate betWeen 
about 50 seem and 5000 seem. He may be added to any of the 
gas precursors and be used as a carrier gas or He can be 
introduced separately to the PECVD reaetor. 

[0068] A total reaetant gas ?oW rate of gas precursors in 
each of the three embodiments Where He is used as a carrier 
gas is from about 25 seem to about 10,000 seem. A total 
reaetant gas ?oW rate of gas precursors in each of the three 
embodiments Where He is used as a carrier gas is preferably 
from about 50 seem to 5000 seem. 

[0069] Furthermore, the ?rst preeursor utiliZed in each of 
the third embodiments may further be mixed With CO2 as a 
carrier gas or the ?rst and second preeursor gases may be 
mixed With CO2 or a mixture of CO2 and O2 in the PECVD 
reactor. The addition of CO2 to the ?rst preeursor as a carrier 
gas, or the addition of CO2 or a mixture of CO2 and O2 to the 
?rst and second precursors in the PECVD reaetor provides a 
stabiliZing effect on plasma in the PECVD reactor and 
improves the uniformity of the ?lm deposited on the sub 
strate. When CO2 is admixed With the ?rst and second pre 
eursors, the amount of CO2 may be from about 25 seem to 
about 1000 seem, and more preferably from about 50 seem to 
about 500 seem. When a mixture of CO2 and O2 is admixed 
With the ?rst and second preeursors, the amount of CO2 
admixed may be from about 25 seem to about 1000 seem and 
the amount of O2 admixed may be from about 0.5 seem to 50 
seem More preferably, the amount of CO2 is from about 50 
seem to about 500 seem and the amount of O2 is from about 1 
seem to about 30 seem. Alternatively, a mixture of He and 
CO2 or He alone may be substituted in place of CO2 in the 
above embodiments. 
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[0070] Reaetor pressure during the deposition process 
betWeen about 50 mTorr and about 5000 mTorr, and prefer 
ably betWeen about 100 mTorr and about 3000 mTorr is 
utiliZed. 

[0071] It should be noted that a change in the area of the 
substrate ehuek by a factor, X, i.e., a change from a value in 
the range betWeen about 300 em2 and about 800 em2, will 
change the RF poWer by a factor, X, from that previously 
speei?ed. Similarly, a change in the area of the substrate 
ehuek by a factor, Y, and a change in the gap betWeen the gas 
distribution plate and the substrate ehuek by a factor, Z, from 
that previously speei?ed, Will be associated With a change by 
a factor, YZ, in the gas ?oW rates from that previously speei 
?ed. If a multi station deposition reactor is used, the area of the 
substrate refers to each individual substrate ehuek and the 
How rates of the gases refer to one individual deposition 
station. Aeeordingly, total ?oW rates and total poWer input to 
the reactor are multiplied by a total number of deposition 
stations inside the reactor. 

[0072] In each of the three embodiments, the deposited 
?lms may be optionally stabiliZed before undergoing further 
integration processing. The stabiliZation process can be per 
formed by annealing at a temperature of not less than 300° C. 
for a time period of at least 0.25 hour. More preferably, the 
annealing is performed in a fumaee-annealing step at about 
300° C. to about 450° C. for a time period betWeen about 0.5 
hours and about 4 hours. The stabiliZation process can also be 
performed in a rapid thermal annealing process at tempera 
tures above about 300° C. The thermal stability of the ?lms 
obtained according to the present invention in a non-oxidiZ 
ing ambient is up to a temperature of not less than 400° C. It 
is noted that this step of the present invention serves to further 
reduce the dielectric constant of the multiphase, ultra loW k 
dieleetrie ?lm of the present invention. During the heat treat 
ment step, moleeular fragments derived from the organic 
preeursors eomprising C and H and optionally O atoms may 
thermally deeompose and may be converted into smaller mol 
ecules Which are released from the ?lm. Optionally, further 
developments of voids may occur in the ?lm by process of 
conversion and release of the molecular fragments. The ?lm 
density is thus deereased. 
[0073] In an even more highly preferred embodiment of the 
present invention, annealing is performed utiliZing tWo heat 
ing steps. In the ?rst heating step, the ?lm is heated at a 
temperature not higher than about 300° C. for a ?rst time 
period, and thereafter, in a second heating step, the ?lm is 
heated to a temperature not loWer than about 300° C. for a 
second period of time, Where the second period of time is 
longer than the ?rst period of time. Preferably, the second 
time period is at least ten times longer than the ?rst time 
period. 
[0074] In each of the three embodiments of the present, but 
especially With the second and third embodiments of the 
present invention, a euring step folloWs the deposition of the 
multiphase, ultra loW k ?lm. Preferably, euring is performed 
using e-beam radiation for a time period of from about 0.5 to 
about 100 minutes at a temperature of from about 350° C. to 
about 450° C. Example conditions are the use of e-beam 
energy betWeen about 1 and 100 keV, and a dose of electron 
radiation equal to betWeen about 50 and about 5000 miero 
Curie/em2. Preferred eonditions use e-beam energy betWeen 
about 2 and 30 keV, and a dose of electron radiation equal to 
betWeen about 100 and about 2000 mieroCurie/em2. In some 
embodiments, e-beam euring is performed under vacuum. 
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[0075] Within the second and third embodiments of the 
present invention, the e-beam curing step following the depo 
sition of the multiphase, ultra loW k ?lm is applied to form a 
more dense region at the top surface of the ?lm, and this is 
done by adjusting the e-beam radiation conditions. The dense 
region may be useful as a CMP stop region formed Within the 
top of the ultra loW k ?lm. 
[0076] The multiphase, ultra loW k ?lms obtained by the 
present invention process are characterized by dielectric con 
stants of k<2.7, and are thermally stable for process integra 
tion in a BEOL interconnect structure Which is normally 
processed at temperatures of up to 4500 C. Furthermore, the 
multiphase, ultra loW k ?lms have extremely loW crack propa 
gation velocities in Water, i.e., below 10-9 m/ s and may even 
be below 10'11 m/s. The multiphase ?lms and methods can 
therefore be easily adapted in producing multiphase, ultra loW 
k ?lms as intralevel and interlevel dielectrics in BEOL pro 
cesses for logic and memory devices. The multiphase, ultra 
loW k ?lms of the present invention are also characterized by 
having improved mechanical properties including the 
improved elastic modulus and hardness mentioned above. 
[0077] The electronic devices formed by the present inven 
tion novel method are shoWn in FIGS. 4-7. It should be noted 
that the devices shoWn in FIGS. 4-7 are merely illustrative 
examples of the present invention, While an in?nite number of 
other devices may also be formed by the present invention 
novel methods. 
[0078] In some embodiments of the present invention, a 
dense region at the top surface of the inventive ?lm can be 
formed by adjusting the e-beam radiation conditions. The 
dense region of such a ?lm is useful a CMP etch step. This 
?lm having the densi?ed top surface may be used in any of the 
electronic devices described herein. 

[0079] In FIG. 4, 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 multiphase, ultra loW 
k ?lm 38 of the present invention is deposited 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 vari 
eties of these materials, or any other suitable insulating mate 
rials. The multiphase, ultra loW k ?lm 38 is then patterned in 
a photolithography process folloWed by etching and a con 
ductor layer 40 is deposited thereon. After a CMP process on 
the ?rst conductor layer 40 is carried out, a second layer of 
multiphase, ultra loW k ?lm 44 is deposited by a plasma 
enhanced chemical vapor deposition process overlying the 
?rst multiphase, ultra loW k ?lm 38 and the ?rst conductor 
layer 40. The conductor layer 40 may be deposited 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 con 
ductor 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 second multiphase, ultra 
loW k ?lm layer 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 deposited 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 
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the ?rst region of conductor 40 and is embedded in the second 
layer of multiphase, ultra loW k insulator 44. The second layer 
of multiphase, ultra loW k ?lm is in intimate contact With the 
?rst layer of insulating material 38. In this example, the ?rst 
layer of insulating material 38 of multiphase, ultra loW k ?lm 
is an intralevel dielectric material, While the second layer of 
insulating material, i.e., the multiphase, ultra loW k ?lm 44 is 
both an intralevel and an interlevel dielectric. Based on the 
loW dielectric constant of the multiphase, ultra loW k ?lm, 
superior insulating property can be achieved by the ?rst insu 
lating layer 38 and the second insulating layer 44. 
[0081] FIG. 5 shoWs a present invention electronic device 
60 similar to that of electronic device 30 shoWn in FIG. 4, 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 oxinitride, refractory metal silicon nitride With the 
refractory metal being Ta, Zr, Hf or W, silicon carbide, silicon 
carbo-nitride (SiCN), silicon carbo-oxide (SiCO), and their 
hydrogenated compounds. The additional dielectric cap layer 
62 functions as a diffusion barrier layer for preventing diffu 
sion 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. 6. 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 multiphase, ultra 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 sec 
ond dielectric layer 74 is similar to layer 72, hoWever layer 74 
is utiliZed in planariZing the second conductor layer 50. The 
polish stop layer 74 can be deposited of a suitable dielectric 
material such as silicon oxide, silicon nitride, silicon oxini 
tride, refractory metal silicon nitride With the refractory metal 
being Ta, Zr, Hf or W, silicon carbide, silicon carbo-oxide 
(SiCO), and their hydrogenated compounds. A preferred pol 
ish stop layer composition is SiCH or SiCOH for layers 72 or 
74. A second dielectric layer 74 can be added on top of the 
second multiphase, ultra loW k insulating material layer 44 for 
the same purposes. 

[0083] Still another alternate embodiment of the present 
invention electronic device 80 is shoWn in FIG. 7. 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 a mul 
tiphase, ultra loW k material, shoWn in FIG. 4, is therefore 
divided into an interlayer dielectric layer 84 and an intralevel 
dielectric layer 86 at the boundary betWeen via 92 and inter 
connect 94. An additional diffusion barrier layer 96 is further 
deposited on top of the upper dielectric layer 74. The addi 
tional bene?t provided by this alternate embodiment elec 
tronic 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 
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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 multiphase, ultra loW 
k ?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 multiphase, ultra loW k ?lm of the present 
invention deposited on at least one of the second and third 
layers of insulating material. 
[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 multiphase, 
ultra loW k ?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 
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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 multiphase, ultra 
loW k ?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 
a multiphase material including atoms of Si, C, O and H 
situated betWeen an interlevel dielectric layer and an intra 
level dielectric layer. 
[0089] The present invention novel method and the elec 
tronic structures formed by such method have therefore been 
amply described in the above descriptions and in the 
appended draWings of FIGS. 1-7. It should be emphasiZed 
that the examples of the present invention electronic struc 
tures shoWn in FIGS. 4-7 are merely used as illustrations for 
the present invention novel methods Which, obviously, can be 
applied in the fabrication of an in?nite number of electronic 
devices. 
[0090] While the present invention has been described in an 
illustrative manner, it should be understood that the terminol 
ogy used is intended to be in a nature of Words of description 
rather than of limitation. 
[0091] Furthermore, While the present invention has been 
described in terms of a preferred and several alternate 
embodiments, it is to be appreciated that those skilled in the 
art Will readily apply these teachings to other possible varia 
tions of the inventions. 
What We claim is: 
1. An electronic structure comprising at least a multiphase, 

ultra loW k ?lm including atoms of Si, C, O and H, said ?lm 
having a dielectric constant of about 2.4 or less, nanosiZed 
pores or voids, an elastic modulus of about 5 or greater and a 
hardness of about 0.7 or greater. 

2. An electronic structure comprising multiphase, ultra loW 
k dielectric ?lm including atoms of Si, C, O and H, said ?lm 
having a dielectric constant of about 2.4 or less, nanosiZed 
pores or voids, an elastic modulus of about 5 or greater and a 
hardness of about 0.7 or greater and a dense region at the top 
surface of said ?lm. 

3. The electronic structure of claim 1 Wherein said mul 
tiphase, ultra loW k ?lm is an interlevel or intralevel dielectric 
of a back-end-of-the-line (BEOL) Wiring structure. 

4. The electronic structure of claim 1 Wherein said mul 
tiphase, ultra loW k ?lm is a cap or diffusionbarrier of a BEOL 
Wiring structure. 

5. The electronic structure of claim 1 Wherein said mul 
tiphase, ultra loW k ?lm is a hard mask or a polish stop layer 
for a BEOL Wiring structure 

* * * * * 


