2 4 JUN 2W VERY LOW DI ELECTRI C CONSTANT PLASMA- ENHANCED CVD FI LMS Fi el d of
the I nvention The present invention relates to the fabrication of
integrated circuits. Mire particularly, the invention relates to a process
for depositing dielectric layers on a substrate. Background of ,tJiN 2004

I nvention One of the primary steps in the fabrication of nodern

sem conductor devices is the formation of netal and dielectric filns on a
substrate by chemi cal reaction of gases. Such deposition processes are
referred to as chem cal vapor deposition or CVD. Conventional thermal CVD
processes supply reactive gases to the substrate surface where heat-i nduced
chem cal reactions take place to produce a desired film The high
tenperatures at which sonme thernal CVD processes operate can damage device
structures having layers previously formed on the substrate. A preferred
met hod of depoHBRNBONEDELECTRIG GONSTANT PLASMBSERIANEED WS FIL.NMOW
tenperatures is plasma enhanced CVD (PECVD) techniques such as described
in United States Patent No. 5, 362,526, entitled "Plasm-Enhanced CVD
Process Usi noridieQPthk YivegfiPsi ting Silicon Oxide", which is incorporated by
reference herein, Plasma-enhanced CVD techni ques pronopte excitation and/ or
di sassoci ati on of Thh@resgibdvvention giatsedo ithe fehucatigmbl meegiagd ddtuitsadMord r equency
(RF) energy lianiukeAcht ORvca@icreliRals df Beocall iRt flind UAAGR: 1t DELELY
creating a plasma of highly reactive species. The R g reactivity of the
rel eased specsﬁlésgaﬁ;'educes the energy required for a chemcal reaction to
take place, and thus lowers the required tenperature for such PECVD
processes. Seﬁgcﬁ%”“%ﬂﬁeﬂwﬂtce geonetries have dramatically decreased in
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devi ces on iIf 8’&?"3%%?‘8“"&5 {6 Plage 1o iprodieeca qsaiped fin. The high temperatures at which

some thermal CVD processes operate can damage device structures having layers
previously formed on the substrate. ‘A preferred method of depositing metal-and dielectric
films at relatively Elow temperatures is plasma-enhanced CVD (PECVD) techniques such
as described in United States Patent No. 5,362,526, entiﬂed"‘Plasmﬁ—Enhanccd CvD
Process Using TEOS for Depositing Silicon Oxide”, which is incorporated by reference
herein. Plasma-enhanced CVD techniques promote excitation and/or disassociation of the
reactant gases by the application of radio frequency (RF) en;argy to a reaction zone near
the substrate surface, thereby creating a plasma of highly reactive species. The high

reactivity of the released species reduces the energy required for a chemical reaction to

take place, and thus lowers the required temperature for such PECVD processes.
Semiconductor device geometries have dramatically decreased in size since such
devices were first introduced several decades ago, Since then, integrated circuits have
generally followed the two year/half-size rule (often called Moore's Law}, which means
that the number of devices that will fit on a chifa doubles every two years. Today’s
fabrication plants are routinely producing devices having 0.35pm and even 0.25 pm feature

sizes, and tomorrow’s plants soon will be producing devices having even smaller

geometries.



necessary to use conductive materials having low resistivity and insul ators
having low k (dielectric constant < 2.5) to reduce the capacitive coupling
bet ween adj acent netal lines. Liner/barrier |ayers have been HR ween
t he conductive materials and the insulators to prevent dlfoSI

byproducts such as noisture onto the conductive material as descrlbed in

I nternational Publication Nunber WO 99/41423, published on August 17, 1999.
For exanple, noisture that can be generated during formation of a | ow k
insulator readily diffuses to the surface of the conductive nmetal and
increases the resistivity of the conductive netal surface. A barrier/liner
| ayer forned frontorganosilicon or organosilane nitride materials can

bl ock the diffusiogn Bl products. However, the barrier/liner |ayers
typical ly have di t”? rih ﬁ%t“a%tl%$¥ﬁatdealpe qgruéea@d ditguits, @baittec@nes, and
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argon, at a tenperature appr oxi ma
or ganosi | ane dilectriscgretfdsi | oxane | ayer is then cured. The dep05| ted PECVD
lining layer 2 (athQROIlEt 1113%@3'3‘&11@@& o & 83% onrﬁ?\)tDHEro%\s{se gorbda Sg]ﬁlg dn in Fig.

characteristics_for. the subsequent depos tion
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| ayer 7 is then hgmﬂperé%ge n Hpe |I2 | ayer by the r

conpound and “hydroger P FS"OSFHR 23 ent 2 heapdalype srhstrieswico0ad at a

pressure of alb?(ﬁﬁllﬂ-lﬂesfﬁ 2, ltﬁcfoxatcdun tie shigdtite Qubfdc8) IThe layer 7 is capped by a PECVD
capping layer 12 of the oxidized organosilane or organosiloxane polymer. The PECVD

process deposits a multi-component dielectric layer, wherein an carbon containing silicon
dioxide (Si0,) is first deposited on the patterned metal layer having metal lines §, 9, 10
formed on substrate 6.

Refemrring to Fig. 1A, the PECVD lining layer 2 is deposited by the plasma
enhanced reaction of an organosilane or organosiloxane compound such as methylsilane,
CH;S8iHj3, and an ox1d1zmg gas such as N3O in the presence of an inert gas, such as argon,
at a temperature of approximately -20°C to 40°C. The oxidized organosilane or
organosiloxane layer is then cured. The deposited PECVD lining layer 2 (at about 2000 A
per munute) has improved barrier characteristics for the subsequent deposition of the layer
7 shown in Fig. I1B. The lining layer obtained from methylsilane has sufficient C-H bonds
to be hydrophobic, and is an excellent moisture barrier. A low K dielectric layer 7 is then
deposited on the liner layer 2 by the reaction of a silane compound and hydrogen peroxide

(H20,) at a temperature below 200°C at a pressure of about 0.2 to about 5 Torr during



2 4 JUN 2004 deposition of the layer 7. The layer 7 may be partially cured
as showmn in Fig. 1Cto renove solvents such as water prior to deposition
of a cap layer 12 as shown in Fig. ID.  Curing is perfornmed by guinesiown
a reaction under an inert gas atnosphere under 10 Torr. Conventional |iner
| ayers, such as silicon nitride (SiN), have higher dielectric constants
than silicon oxides, and the conbination of low k dielectric layers with
high k dielectric liner layers provides little or no inprovenent in the
overall stack dielectric constant and capacitive coupling. Referring to
Fig. 1D, after deposition of the layer 7, an optional capping |ayer 12 may
be deposited on the low k dielectric layer 7 by the plasma enhanced
reaction of an.QLAaNesiHkL roQrgangsi | oxane, conpound and an oxi di zi ng gas
such as NO Re?@rlri ng to%éi%rg?' {}E,Ig}gf tgel?ayglﬁ"p‘?f‘s‘iaﬁ? Giredes s dupBis Ag 0 ayer, if
any, the dep&&iteerlyaifendh smate priwdo depositidniufnaeelapsh 12808HB0F hanier to
drive of f renm@utidig p&Rmety pudhindat &k e capping layer 12 is also an
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capaci tance layer. Additionally, the smaller device geometries result in an increase in parasitic
capacitance between devices. Parasitic capacitance between metal Interconnects on the
same or adjacent layers in the circuit can result in crosstalk between the metal lines or
interconnects and/or resistance-capacitance RC) delay, thereby reducing the response
ti?'nc of the device and degrading the overall performance of the device. The effects of
parasitic capacitance between metal interconnects on the same or adjacent layers in the
circuit is especially of concemn as the current state of the art circuits can employ 4 tc; 5
levels of interconnection, while next generation devices may require 6, 7, or possibly 8
levels of intercommection.

Lowering the parasitic capacitance between metal Interconnects separated by
dielectric material can be accomplished by either increasing the thickness of the dielectric
material or by lowering the dielectric constant of the dielectric material. Increasing the
thickness of the dielectric materials, however, does not address parasitic capacitance

within the same metallized layer or plane, As a result, to reduce the parasitic capacitance



within the sane netallized |layer or plane. As a result, to reduce the
parasitic capacitance 3 24 JUN 2004 between netal interconnects on the sane
or adjacent |ayers, one nust change the material used between tﬁg‘,;ﬁﬁtﬂg#
lines or interconnects to a material having a | ower dielectric stan
than that of the materials currently used, i.e., k Pz: 3.0. Therefore,
there remains a need- for dielectric |layers having dielectric constants

bel ow about 2.5 with good adhesi on properties. SUMMARY OF THE | NVENTI ON,
The present invention provides a nethod for depositing a nano-porous
silicon oxide layer having a |ow dielectric constant. The nano-porous
silicon oxide layer is produced by depositing a silicon/oxygen containing
mat eri al that péiedniekal GRRERERE on .1 abjl e organi roups, and by
control l ed annealing of the d%ﬁggﬁs@ﬁ%@éﬁfe@g%ﬁé&ﬁ@e “Stgﬁﬁﬁ"a{?‘“ﬁ‘iﬂﬂ@aﬁat erial
to form nicro¥® %@gaﬁ@eﬁwéw OofteyeseEsts ¢ ahataralhavingi et Wiedétsper sed i n
a silicon oxi dﬁsmmmaﬁme@dt@m&&éﬁ%u&&i_gka?% m croscopic gas pockets
to the silicon oxide Layer is controlled to preferably maintain a closed
cel | foam struct ur&Rat’pr5Praes neeiod disleetdt tayes bavisg dislbaric ddaeasd | i con/ ox
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‘component having thermally liable groups. The labile groups in the reactive compound or

mixture contain sufficient oxygen to convert to gaseous products to evolve from the fim
and leave voids when the deposited silicon oxide layer is annealed.

The oxidizable silicon containing component can be separated from non-silicon
components having thermally liable groups in the same molecule. Preferfed silicon-
oxygen ligands of components that form nano-porous silicon oxide-based layers under
controlled annealing comprise methylsiloxy (CH3-SiH,-0-) or dimethylsiloxy ((CHgz)p-
SiH-O-) groups. Preferred, non-silicon containing components that form compounds with -
the silicon components are multiply unsaturated cycloalkene components including
dioxinyl (-(-CH=CH-O-CH=CH-O-).), furyl (+(-CH=CH-CH=CH-0-)-), ﬁJlﬁenyI (-
CH=CH-CH=CH-C(CH;)-)-), or fluorinated carbon derivative groups thereof. Preferred
compounds formed from these components include methylsilyl-1,4-dioxinyl ether or
methylsiloxany! furan. Formation of voids using 2,4,6-trisilaoxane and cyelo-1,3,5,7-

tetrasilano-2,6-dioxy-4,8-dimethylene is enhanced by virtue of their non-planar ring
structure.



tetrasilano-2,6 -dioxy-4, 8-di methylene is enhanced by virtue of their
non-planar ring structure. 4 2 4 JUN 2004 Such conpounds react with an
oxi di zing gas to forma silicon/oxygen containing material that)JdNa2lds
many of the |abile organic groups at tenperatures bel ow about 50C. The
anount of | abile groups can be increased by m xing the reactive conpounds
with non- silicon containing conponents that conprise one or nore |abile
groups, such as vinyl- 1,4- dioxinyl ether, vinyl furyl ether,

vinyl -1,4-dioxin, vinyl furan, nethyl furoate, furyl formate, furyl
acetate, fural dehyde, difuryl ketone, difuryl ether, difurfuryl ether,
furan, 1,4- dioxin, fluorinated derivatives thereof, and comnbi nati ons
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Annealmg preferab y increases the temperature of the deposited material to about 350°C

o about 400°C.

In a preferred embodiment, the nano-porous silicon oxide layer of the present
invention is deposited on a PECVD silicon oxide, silicon nitride, silicon oxynitride, or
hydrogenated silicon carbide barrier layer that was deposited on a patterned metal layer by
plasma assisted reaction of one or more reactive silicon containing compounds. The nano-
pbrous silicon oxide layer is then deposited in the same chamber or in an adjacent cluster
tool processing chamber. After annealing as described above, the nano-porous silicon
oxide layer is capped in the same chamber or in an adjacent cluster tool processing
chamber with PECVD silicon oxide, silicon nitride, silicon oxynitride, or hydrogenated

silicon carbide. The liner and cap layers serve as barriers which protect the nano-porous

silicon oxide layer.



silicon oxide layer. 5 2 4 JUN 2004 BRI EF DESCRI PTI ON OF THE DRAW NGS So
"that the manner in which the above recited features, advantages and
objects of the present invention are attained and can be undemsjy guN 2004
detail, a nore particular description of the invention, briefly sumrmarized
above, may be had by reference to the enbodinents thereof which are
illustrated in the appended drawings. It.is to be noted, however, that the
appended drawings illustrate only typical enbodinents of this invention
and are therefore not to be considered limting of its scope, for the
invention may admt to other equally effective enbodinents. Fig. AIE
(Prior Art) are schematic diagrans of dielectric |ayers deposited on a

substrate by BREFBESEIPTIONTIMYE DRAGNEL: Fig. 2 is a cross-sectional
di agram of an exenpl ar%eCVD reactor configured for use according to the

present inventi on>° Beyhe mapner in Wughdhashore pited featvrasf adyantagarand ohiedts efnave
chanber for dhs$Rentiivenionfare R0QE%Hd 825 BS uRlelsQbd P &AL & LAWY fLbiguikieact or of
Fig. 2, Fig. 4 is.a H&ﬁmchant f. frocess control conputer program product
used in  conj GREPRBHOVES HYEHE™ SERp T oty EaBEbbe R iigtTeRe (R, 5 [ a
flow chart ildmbsdimatts thgresiveiieh apnitlesthiak Rinhd Apdleaasdwingdg | i ner and cap | ayers
in a deposition pg rdi te one enbodi pent of the present

i nvention; Fig. 6k5g2§?§q§%§c g%grigmhﬁﬁé?%ﬂg%fggﬂggﬂ%@%?§‘ggba?P@ed on a
substrate by hedimgrtyeithis inykntioh gndare fEegforemhot ® ba canidesd Beiting afiglscopeew

showi ng a dua, JapReEENEaPIdhHGh Hh& LMD LN bh8nmesd | | con oxide |ayers of
8H are” cross sectional views showi ng one

the present inventjon; Figs. 8A- Ccr.

enbodi nent of a db4l 1A—a§r€§§%éﬂ% geSplsFIat¢ dperarecpfalivisetrio flayely degsicd emta
invention. Fofubsiate by tefocttndahsiandieng: of -t hePresent invention, reference
shoul d be nmade to_, the ensui ntg) %:let ai l ed description. DESCRI PTION OF A
PREFERRED ENMBCDI FREOPTEEORE TR A RreppaYi Y reartonspiigiret H efeposi t i ng

a nano- por ousacsirdingothe possertl énvemper having a | ow di el ectric constant. The
nano- porous sili C?@ ?%(sl ads%helm%}éce Eiaé‘rgm of a remote microwave chamber for dissociation of
process gases prior to entering the reactor of Fig, 2; -
Fig. 4 is a flowchart of a process control computer program product used in
conjunction with the exemplary CVD reactor of Fig, 2;
Fig. 5 is a flow chart illustrating steps undertaken in depositing liner and cap layers
in a deposition provess according to one embodiment of the present invention;
Fig. 6A-6E is a schematic diagram of the layers deposited on a substrate by the
process of Fig.5;
Fig. 7 is a cross sectional view showing a dual damascene structure comprising the
silicon oxide layers of the present invention;
Figs. 8A-8H are cross sectional views showing one embodiment of a dual
damascene deposition sequence of the present invention.

For a further understanding of the present invention, reference should be made to

the ensuing detailed description.

DESCRIPTION OF A PREFERRED EMBODIMENT

The present invention provides a method for depo.siting a nano-porous silicon
oxide layer having a low dielectric constant. The nano-porous silicon ox-idc layer is
produced by plasma enhanced (PECVD) or microwave enhanced chemical vapor

deposition of a silicon/oxygen containing material that optionally contains thermally labile



produced by plasma enhanced (PECVD) or m crowave enhanced chem cal vapor
deposition of a silicon/oxygen containing material that optionally contains
thermally labile 6 24 JUN 2004 organi c groups, and by controlled qnmg@uung
of the deposited siliconloxygen containing material to form nlcroscoplc
gas pockets that are uniformy dispersed in a silicon oxide |ayer. The

rel ative volume of the m croscopic gas pockets to the silicon oxide |ayer
is controlled to preferably naintain a closed cell foam structure that
provides |ow dielectric constants after annealing. The nano-porous silicon
oxide layers will have dielectric constants less t . b about 2.5
preferably |ess than about 2.0. The -silicon/oxygen material is chem cal

vapor depos behbyoieasid Aol (hagll & uShbhsan GONALILIG, spapound o

m xture conprisi % an oxij zabl e si UASALt Ur at ed
non-si | i con BeErzlig %r?b‘&fﬁﬁﬁt’m Iﬁé‘W%’gﬁt& 'Ihetramtllﬂlfyﬂﬂly élbn!@egnwphcowwe an

oxi di zi ng gasgayerlMEe fbl@tl@! Zd1ige Qﬁﬁ@%l@ff&ﬁoﬁe(&ﬂ%cl&g@) 1R iy %%Be 9? i@l ni ng
conmpounds such ) tro B’OXI de %& ozone (03), and carb i oxid

(C02), prefef¥HP edlﬁ? @Ieigerr “E%}@é“ﬂ‘f’s 5‘9@9@%0@6 APRYIAY low ﬁ*ﬁl?&"ﬁls ar e
preferably diesaat afted aﬂuﬁahn@cmﬁﬁlmp’omtsih\ﬂﬂ Yxid BRerf OB 3504 MieleBtiaChi eve a

desired car bg&-%ﬁqg%mmago&% pmefgo |e§'§t8%j; W&IEF power can be coupled to

t he deposition fictease d of the oxidizing
conpounds. The oxihdisticenpxgesmuentmidsis piamial spodrepaitgisyatatiagchn drideabi cr owave

chanber D1 QlizkQoRBHEELARAPLEANS! Lh B EhATRER . ERUE,axGaRY! ve

di ssociation of the silicon contalning co
silicon oxi d&® Maspaatedpnisiicery htaring Gerapogent hdmthnmnahn(h@iﬂe gmup-'iherughn

deposi tion pbﬁ&%@@ésyﬂmﬁag'gaseam@oﬂgge@( ?M&%&hg&taﬁtﬂm Slpourkd@fuch| @yer can
be deposited se uent nor e depositlon _chanb e|P Furt her nore,

i.a in t
RF power caf®™B “53%19%@4 é}’ OWF aP%caF@Bﬂlf’éldﬁ@éb b BTN B Qpst rat e and
pronote greater @ogosintyxygen thesitiep eahdottls fatel prferdile dlasokbied @Dintressk| | CON

component of LGl 788k, 3 Lheon, sont alalnd compound. S mxtpce

conprises organosil ane or of ganosi T bxane Eag]??ﬂ O P éléeﬁi | #{3'7 i ncl ude

t he struct ur pewercanle cougdedSjo thel deposition chamber to increase dissociation of the oxidizing
compounds. The oxidizing compounds may also be dissociated in a microwave chamber
prior to entering the deposition chamber to reduce excessive dissociation of the siiicon
containing compounds. Deposition of the silicon oxide layer can be continuous or
discontinuous. Although deposition preferably occurs in a single deposition chamber, the
layer can be deposited sequentialty in two or more deposition chambers. Furthermore, RF
power can be cycled or pulsed to reduce heating of the substrate and promote greater
porosity in the deposited film.

The oxidizable silicon component of the oxidizable si]ic-on containing compound

Or mixture comprises organosilane or organosiloxane compounds which generally include
the structure:

H
| |
—C-851—
I

wherein each Si 1s bonded to at least one hydrogen ator and may be bonded to one or two
carbon atoms, and C is included in an organo group, preferably alkyl or alkenyl groups
such as -CHs, -CH»-CHs, -CHj-, or -CH,-CHy-, or fluorinated carbon derivatives thereof.
When an organosilane or organosiloxane compound includes two or more Si atoms, each

Si is separated from another Si by -O-, -C-, or -C-C-, wherein each bridging C is included



wherein each Si is bonded to at | east one hydrogen atom and nmay be bonded
to one or two carbon atons, and Cis included in an organo group,
preferably al kyl or alkenyl groups such as -CH3, -CH2-CH3, -CHa; jOK %Dﬂ'r
-CH2-CH2-, or fluorinated carbon derivatives thereof Wen an organosilane
or organosil oxane conmpound includes two or nore Si atons, each Si is
separated fromanother Si by -0-, -G, or -CC, wherein each bridging Cis
included 7 2 4 JUN 2004 in an organo group, preferably alkyl or alkenyl
groups such as -CH2-, -CH2-CH2-, - CH(CH3)-, -C(CH3)2-, or fluorinated
carbon derivatives thereof. The. preferred organosilane and organosil| oxane
conpounds are gases or |liquids near roomtenperature and can be

vol atilized above about 10 Tor i.tabl.e silicon containing conmpounds

et ude: et Hpaas Boybordlidty St sheulore mobas) Sl 1k CHa

di si | anonmet haPRCHSH3CCHR):Si b3 fidotissfatte tchyibis | defivufiy¥e tHaaBL, The. preferred
CH3- Si H2- CHz- S HRsitd3,, ~f 0S| ne -(-S iH2: CHz- Si H2- CH2- S| H2- O)
(cyclic) cyc%aﬁ%,ﬂs, 5, %%’f_gée%?cgg%{ ihc!g%%é@s &ireyE & Ql U REF HOATS frgiperature

- (- Si H2- CH2- Sifizapby xwolatibized | sbeye abpuB3 16 Torrj Saitable ysilicoh exratiting cémButi®- CH2- ) 3-
(cyclic) 1,3 ipgigaet hyl di sil oxane, CH3-SiH2-O-SiH2-CH3 1,1, 3;

3-tetranet hyl di sil oxane (CH3)2-Si H O Si H (CH3) 2
1,1,5,5-tetranethyltrisiloxane, and (CH3)2-Si H O Si H2- O Si H (CH3) 2

1,1, 3,5, 5-pentemiydilage t ri si | oxane (CH3) 2- Si Hg, i CH3) -O-SiH (CH3)2 and
fluorinated C(Frq%?. erivatives thereof, such_as

1, 2- di si | anot@tFRF 487 oet hane. The hydrocart8m§Foups in the organosil anes
and or ganosi |dslameetiaye, be partially or full wigf¢maiizpated to convert CH
bonds to CF - the preferred or i a or ganosi | oxane
conpounds ar ebl?%g@?@#tg%&/ai | able. A conb@ﬁ%?@%#%gfﬁi'%wr nore of the
or ganosi | anes-%t-trishayasesi | oxanes can be enpl-6§iEe-CHe Siph,aH,d8H204H end of
desired properties such as dielectric constant, Oxide content,

hydr ophobicity, film stress, and | asma et ching characteristics.
cyclo-1,3,5,7-tetrasilano-2,6-dioxy-4,8-dimethylene -(-8iH3-CH;-SiH-0-)-  (cyclic)
1,3,5-trsilacyclohexane, -(-51H,-CHa-)3- (cyclic)
1,3-dimethyldisiloxane, CH;-SiH,-0-SiH,-CHs
1,1,3,3-tetramethyldisiloxane (CHs),-SiH-0-SiH-(CH;);
1,1,5,5-tetramethyltrisiloxane, and (CH3),-SiH-0-8iH,-0-SiH-(CHa),
1,1,3,5,5-pentamethylirisiloxane (CH;),-SiH-0-SiH(CH3)-0-SiH-

(CHs), '

and fluorinated carbon derivatives thereof, such as 1,2-disilanotetrafluoroethane. The
hydrocarbon groups in the organosilanes and organosiloxane may be partially or fully
fluorinated to convert C-H bonds to C-F bonds. Many of the preferred organosilane and
o:_'ganosiloxane compounds are commercially available. A combination of two or more of
the organosilanes or organosiloxanes can be employed to provide a blend of desired
properties such as dielectric constant, oxide content, hyd:bphobicity, film stress, and
plasma etching characteristics.

When the oxidizable silicon component forms a compound with an unsaturated
non-silicon bearing component having thermally liable groups, the organosilane or
organosiloxane compound are functional groups possessing both a silicon oxygen bond
and a silicon-hydrogen bond.  Preferred fimctional groups having the bonding

requirements include:



When the oxidizable silicon conponent forns a conpound with an unsaturated
non-silicon bearing conponent having thermally Liable groups, the
organosi | ane or organosi | oxane conpound are functional groups possessi ng
both a silicon oxygen bond and a silicon-hydrogen bond. Prefer ek JUN 2004
functional groups having the bonding requirenents include 8 24 JUN 2U04
nmet hyl sil oxy, and(CH3-SIi H2-O) dinethylsiloxy((CH3)2-SiH O ) The

unsat urated non-silicon bearing conponent having thermally |iable groups
has the property of reacting with an pl asnma-sustai ned oxi di zi ng
environment to formthermally |abile nolecules that deposit, and which,
when subsequently exposed to el evated tenperatures, thernally deconpose to
formvolatile Y ikth | ow boiling point C osition and evol ution
of the ther naﬁgt@ﬁ%%?’la}é}h group's vol atile spe@%@%f@'ﬁ?t he deposited film
wi Il | eave vol@sthylilextie structure, reduci ng (@&)ssiHW@yure' s density.

Sel ectively renoving enbedded chem—cally reacted solid nmaterial within the
deposited filmby a thermal process results in |low density filnms which
have | ow di el ect r i de EppEtaied men-siligog beaying eemrypeny bavibg theshally lsdreroemipounds
such as 2, 4, 6tk piopéryaBreatiBig (with 4n fasotal dushihAlS; :

cyclo-1,3,5,7- .pt ?a&yi Iian - %, 6- di glx -4, 8-di tﬁ%ﬂ]@?éﬂéﬁﬁ%{éﬁ%fﬂ%@%?a%ri ng
anneal ing witH# %?E"a‘i‘ £ g'ﬁt SFPorth pide Whicl upkenngibsarantle esposad riorelgykighar 1 i ng
sE r gc}_l gr g_l 21, Gmﬁerﬁ'tﬂﬁcetthaﬁlialﬂ)ﬁﬂ&ﬂﬂp@e gbg&wﬁolﬁ?dgﬂwkﬁﬁitﬁﬁ&w wflg points.

-(-Si H2- - - - ic -tri at et rahydr opyr an,

- Si H2- CH2- Si Eeg%ﬂ%%}%ﬁz"g‘%%?‘é‘;}%‘%‘i"é) “rﬁl%mtﬁﬁyefah’éﬂ Foum s Bptde shegishiemdhoups

cont ai n suf f i édpesifed dimgeill deavd orids gasao usuchry dddichy b &fuddle’s Sdehii§on oxi de
| ayer i s anne i i 6H . Lli.con..conpanent. .f qr a.conmpound
with an unsat ﬁérkg?‘éedl noﬁﬁlgl%l”n?ééjgﬁd _E%%ﬁ%%keggﬂp%’%gﬂweﬁg\/w(tglf‘?g‘feﬁ%ﬁnla liable
groups, pref eflTey 2 thyymalagecess resylly ip dow danatyfimawcniome bivl dideticoontatsni ng

nul tiply unsakdimatond oeyedi@ahkian esnen¥hREnds WAl 504 @6—%%1?0%&035 Qg_n doubl e
bonds), i ncl udi LPH% het.er ocycl odi al kenes,” with oxygen’Gdr nitrogen-""

i ncor por at ed WFAEREYAY) o8 arcySpr der Liegsiland oot féimethretey tend to

perform favoschisbed diingdnaciiBg eihbt MAMEH bSabikRLES Hyakdedph hen-SLQHRS: | ncl ude:
Di oxi n, C4H40's%ncﬁn(a:' CH=CH- O CH=CH O )-, cyclic

1,3,5,7-tetrasilanc-2,6-dioxy-4,8-dimethylene, and ~(-SiH3-CH,-SiH,-0-)- (cyclic)
2,4,6-trisilatetrahydropyran, -SiH,-CH;-SiH,-CH,-SiH;-O-(cyclic)

The thermally labile organic groups contain sufficient oxygen to formn gaseous products
when the silicon oxide layer is annealed,

When the oxidizable silicon component forms a compound with an unsaturated
non-silicon bearing component having thermally liable groups, preferred thermally l;lbile
gfoups are non-silicon containing multiply unsaturated cycloalkanes (having two or more
carbon-carbon double'bonds), including heterocyclodialkenes, with oxygen or nitrogeii ***
incorporated within the molecular structure, and which generally tend to perform

favorably in plasma environments. Preferred labile groups include:

Dioxin, C,H,04, -(-CH=CH-O-CH=CH-0-)-, cyclic
Furan, C4H,0, -(-CH=CH-CH=CH-0O-)-, cyclic
Fulvene, Cgl, -(-CH=CH-CH=CH-C(CH3)-)-,cyclic



Furan, C4H4O0,
-(-CH=CH CH=CH- C(CH2) -) -

-(-CH=CHCHCH- O )-, cyclic Fulvene, Cam

,cyclic 9 24 JUN 2004 Oxi-di zabl e silicon containing
conpounds conprising the oxidizable silicon conponent and the thermally

| i abl e groups include: nethylsilyl-Il,4-dioxinyl etherCH3-Si H2- CR GGIHS @
2- met hyl si | oxanyl faran-(-CH=CH CH=C(0-Si H2-CH3)-0O)-, cyclic

3-rnetb, ylsiloxanyl fumm-(-CH=CH C(O Si H2-CH3)=CH O )-, cyclic

2, 5-bi s(nmethyl s
iloxy)-1,4-dioxin-(-CH=C(O Si H2-CH3)-O-CH=C(O- Si H2-CHI )-0-) -, cyclic

3, 4-bi s(net hyl sil oxanyl) furan-(-CH=C(O Si H2-CH3)-C(O-S i H2-CH3) =CH O-) -
cyclic 2,3-bis(methylsiloxanyl) furan-(-CH=C H- C(OSIH2-CH3)=C (OS

:‘tl?ag}l?) CI-—SC( d Scég}dléﬁﬁ% éﬁ:‘lt( %fq{e'[ ! S OUI%? ZHPEW the oxidizable silicon

-2, 5-bi s(met h;PIOELP*PT@Rta‘in?ﬂi)?ﬂfeun@lmlléblwﬁuﬁm’:dmd%) =CH CH=C(0-Si H2-CH3) - O-) -,
cycl i ¢ 1-nethylsiloxanyl ful vene-(-CH=CH CH=CH C(CH(O- Si H2-CH3))-)-, cyclic
2- et hyl si | oxanyl f| | | vene- (- CH=CH CH=CH- C( CH2) ( O Si H2- CHS) ) - cycl iC
6- et hyl silo fiexipyleper Si HCBHER=OHCEHOOH C=CH- ) -, cyclic

bi s( et hyl si |2Qi§aﬂﬂéll)ofcii1_|yl/ﬁﬂﬁ(06H4) C'_é@'ﬂbléﬂ %%%Q% .0-). c%(ih.c

di rrethyIS|IyI oxi nyl et her( )2-SI H

2-di rnet hyl si F%W?‘“%ﬁ%ﬁ“( CH=CH- &ﬁ_HCFHr%P fﬂﬁa))ﬂﬂ ©=)) cycligycl i c
3- di met hyl si I20hais(yethfisilcacm)- [ 4-GloeH C(-OHST gg@g))@@;k 0-SiH,

2, 5-bi s(di nmet hyl si | oxy) -1, 4-di oxi n- ]94:“3 & BH)09,
i I—I-(CH3)2) O CH=C( O Si I—I-(CH3)2) 0-y%1 cycli c 3, 4- bi s(di net hyl si | oxanyl)
f ur an- (- CH=CRe-t8H==th@sBxay)Ofr@ Si H--(-CHIT)-SiBlHOR:) €(0e3iE)-CH;)=CH-0)-,

2, 3- bi s(di met hyl si | oxanyl)
fur

uran- (- CH=CH C( C=Si

y - _ _ -
23-bls(methy1s1§oxany)1)2 -c(0 SPH(cr8) 2)-0-) - cyelic

~(-CH=CH-C(0-SiH,-CH3)=C(0-SiH,-CHj)-0-)-,
cyclic
~(-CH=C(Q-S8iH,-CH;)-CH~=C(O-SiH,-CHj3)-0-)-,
cyclic

2,4-bis(methylsiloxanyl) furan

2,5-bis(methylsiloxanyl) furan

I-methylsiloxanylfulvene
2-methylsiloxanylfitlvene
6-methylsiloxanylfulvene
bis(methylsiloxanyl)fulvene
dimethylsilyl-1,4-dioxiny} ether
2-dimethylsiloxanyl furan
3-dimethylsiloxanyl furan
2,5-bis(dimethylsiloxy)-1,4-dioxin

3,4-bis(dimethylsiloxanyl) furan
2,3-bis(dimethylsiloxanyl) firran

2,4-bis(dimethylsiloxanyl) furan

~(-C(O-SiH;-CH3)=CH-CH=C(Q-SiH4-CH3)-0-)-,
cyclic .
~(-CH=CH-CH=CH-C(CH(O-SiH,-CH;))-)-, cyclic
~(-CH=CH-CH=CH-C(CH)(0-SiH;-CHj3)-)-, cyclic
~(-C(O-8iH,-CH;3)=CH-CH=CH-C=CH-)-, cyclic
(CsHls)(O-SiH-CHa),, cyclic
(CH3)2—SiH-O-(C4H302), cyclic
~(-CH=CH-CH=C(0-SiH-(CH3),)-0-)-, cyclic
-(-CH=CH-C(0-SiH-(CHs);)=CH-0-)-, cyclic
-(—CH=C(O-SiH—(CH3)1)-0—CH=C(O—SiH—(CH3)z)—
O-}, cyclic
~(-CH=C(0-SiH~(CHj),)-C(0-SiH-(CH;3))=CH-0O-)-
cyclic

-(-CH=CH-C(0-SiH-(CH3),)=C({O-SiH- (CH;):) O-)-
cychc

-(- CH=C(0-S8iH-(CHs)2)-CH=C(O-SiH-(CHz),)-0-)-
cyclic

10



2, 4- bi s(di met hyl si | oxanyl) furan-(-CH

=C(0-SiH (CH3)2)-CH=C(O-Si H (CH3)2)-0-)- cyclic 10 2 4 JUN 2004 JUN 2004

2, 5-bi s(di et hyl si | oxanyl) furan 24
-(-¢(OS H(CH3)2)=CHCH=C(O-SIiH(CH3)2)-O)- cyclic

1- di met hyl si | oxanyl ful vene -(-CH=CH CH=CH C(CH(O-SiH (CH3)2))-)-, cyclic
2-di met hyl si | oxanyl ful vene -(-CG H=CH CH=CH C(CH2) (0-SiH (CH3)2)-)-,cyclic
6- di et hyl si | oxanyl ful vene -(-C(O Si H (CH3) 2) =CH CH=CH C=CH-) -, cyclic

bi s(di nmet hyl si | oxanyl ) ful vene (C6H4) (O SiH(CH3)2)2, cyclic and fluorinated
carbon derivatives thereof. Preferably the conpounds are liquid at room
tenperature and can be volatilized near a pressure of 10 Ton or above. Such

conpounds 1 eagtbisimbthARloRdlylinEinNg  9aSOL AuleEIhAC-H =ik 8ir8{dH, crHA XY gen
containing material that retains nmany of t(he:Wf)gi%llgl%éI gw;gﬁs@ﬁdﬁ)oﬁ s at
t enper at ures bel ow about 50C. The afffifhit of | abile organi c groups retained

in the deposi tleihsiylsiconylakegen CO%@E*@mgHg@Hﬁ(bﬁ{O—ﬁﬁRcﬁ%gb-519{y€ﬁ§ed by
m xi ng the regGhl N lsﬁﬁggﬁ nv%Ism with n &6—8 |ﬁgn cont ai ni n’% coiponent s t hat
conprise one &r nore Iabile of gani cé ups CHTHE-GGHD QS Eaneoysioups
include the digkesthylslorayifubanad f ul veFEORHI(CH)¥EH-Clethaalc-daseard bed for
the silicon cgRisaLM. ' co s zand..ot her oxygen contai ni ng

or gani ¢ groups. mrhgﬁga){)alﬁﬁje‘fﬁ%érﬁgani g@@ﬁ%’é@i&éﬂ%ﬂﬁé%m y the silicon
contai ning and non-silicon containing conponents incorporated in the sane

ol ecul e, DUt i Abribdiss OBk ofdfeot, BREDNHSHL QXANNLs QLD feplaced with
vinyl groups, or with the nethyl siloxanyl groups Treplace dtah &St er
groups, or wi {FPPERARTERY FRA B VPBRUASS Pedy  SiFpareraf PP demdr atiovh Sotthempaods si | i con

cont ai ni ng or gaiwithgaDoHizing Basatd doid @ el kel NRSO:GREM SRS MuliOW kit he
met hyl si | oxan}(lt . roa_tdjpgftheslubqgoas :cL 4- dsl O)é' n and furan. Preferred non-silicon
containing mul TRy’ UneafUr STeuc BY RS Sh eRaTarer b #guto0E: or nor e
car bon- carbon doublihe arowds)f labilachgrdie: grontps \tbtaidedd nding Xipt¥edditBh/oxpsely| furyl
ether vinyl- !:onﬂﬁrgﬂgoxﬂtghal Yn'h¥ lincie%e%%y%ﬁg ‘;hefrgléi?v%tcgmpounds with non-silicon
' confaining components that comprise one or more labile organic groups. The labile
‘organic groups include the dioxan, furan, and fulvene derivative chemicals deseribed for
the silicon containing reactive compounds and other oxygen containing organic groups.
The labile organic groups are preferably the silicon containing and non-silicon containing
components incotporated in the same molecule, but with the methylsilyl or
methylsiloxanyl groups replaced with vinyl groups, or with the methylsiloxanyl groups
replaced with ester groups, or with the methylsiloxany! groups replaced with other non-
silicon confaining organic groups, in addition to those chemicals without the
methylsiloxanyl groups, such as 1,4-dioxin and furan. Preferred non-siticon containing

multiply unsaturated cycloalkanes (having two or more carbon-carbon double bonds)

include:

vinyl-1,4-dioxinyl ether CH=CHy-0-(C4H;0,), cyclic
vinyl fury! ether CH;=CH,-0-(C4H;0), cyclic
vinyl-1,4-dioxin CHy=CH,~(C4H;0,), cyclic
vinyl furan CH,=CH,-0-(C4H;0), cyclic
methyl furoate CH3C(0)-0-(C4H30), cyelic
furyl formate (CH10)-COOH, cyclic |
furyl acetate (C4H;50)-CH,COOH, cyclic

11



furyl formate furyl acetate CH2=CH2-O (4AH3(Q2), cyclic CH2=CH2-O (C4H30),
cyclic CH2=CH2-(C4H302), Cyclic CH2=CH2-O (C4H30), Cyclic
CH3C(O) - O (C4H30), cyclic (CAH30)-COOH, cyclic (C4H30)- CH2OOCRA UM 12008 11
2 4 JUN 2004 fural dehyde difuryl ketone difuryl ether difurfuzyl ether
furan, 1,4-dioxin, CHO-(C4H30), cyclic (C4H30O 2C(O, Cyclic
(C4H30) - O (C4H30), Cyclic (CG4AH3O C(O -0 C(O (C4AH3O, Cyclic C4H40,
(cyclic) CA4H402, (cyclic) and fluorinated carbon derivatives thereof. The
non-silicon containing conponents can alternatively be mxed with the
reactive silicon containing materials that do not contain |labile organic
groups, such as: nethylsilane, dinethylsilane, disilanonethane,

bi s(net hyl si | anadarpdchane, 2,4, 6-trisil a@i‘(@)’i‘-@ﬂj{gé’j’, ga),bﬁ({i si | acycl ohexane,

difiuryl ketone (C4H;0),C(0), cyelic

 difaryl ether (C4H;0)-0~(C4H;0), cyclic
difurfury! ether - (C4H0)C(0)-0-C(O)CAH;0), cyclic
furan, CH,40, (cyclic)
1,4-dioxit, _ * C4HLO,, (cyclic)

and fluorinated carbon derivatives thereof,

The non-silicon containing components can alternatively be mixed with the

reactive silicon containing materials that do not contain labile organic groups, such as;

methylsilane, CH3-SiH;

dimethylsilane, (CHa),-SiH,

disilanomethane, SiH;-CH,-81Hj

bis(methylsilano)methane, CH;-8iH,-CH,-S1H,-CH;

2,4,6-trisilaoxane -(-SiH;-CH,-SiH;-CH,-SiH;-0-)-

' (cyelic)

1,3,5-trisilacyclohexane, . -(-SitL,CHy-)s - {cyclie)

cyclo-1,3,5,7-tetrasilano-2,6-dioxy-4,8-dimethylene ~(-SiHp-CH,-SiHa-0-)-  (cyclic)

1,3-dimethyldisiloxane, CH;-SiH;-0-8iH3-CH;,

1,1,3,3-tetramethyldisiloxane (CHa)p-SiH-0-SiH-(CH;);

1,1,5,5-tetramethyltrisiloxane, and (CHa),-SiH-0O-SiH,-0-SiH-(CHj)2

1,1,3,5,5-pentamethyltrisiloxane (CH;),-SiH-O-SiH(CH;)-O-SiH-
C | (CHsz)

and the fluorinated carbon derivatives thereof

A combination of thermally-labile-imparting and non-thermally-labile-imparting
compounds can be co-deposited to tailor film properties. A preferred embodiment of the
co-deposition compounds include a thermally-labile-imparting compoﬁ.nd selected from
either methylsilyl-1,4-dioxinyl ether or 2-methylsiloxanyl furan and a non-thermally-
labile-imparting  compound  selected from  either  2,4,6-trisilaoxane (2,4,6-
tﬁgilateirahydropyran) or cyclo-l,3,5,7—tetrasi1ano-2,6-dioxy—4,S-dimethylene.

12



CH3-SiH3 (CH3)2-SiH2 SiH3-CH2-Si H3 CH3-Si H2- CH2- Si H2- CH3

-(-Si H2- CH2- Si H2- CHz- Si H2- O ) - (cyclic) -(-Si H2CH2-)3 - (cyclic)
cyclo-1,3,5,7-tetrasil ano- 2, 6-di oxy- 4, 8-di net hyl ene - (-Si H2- CHz-§i4H3mp2M-
(cyclic) 1, 3 -dinethyldi silox ane, 1,1, 3,3-tetranethyldisiloxane
l,1,5,5-tetramethyl trisiloxane, and 1,1, 3,5,5-pentanethyltrisiloxane
CH3-Si H2- O SiH2-CH3 (CH3)2-SiH O Si H (CH3) 2

(CH3)2-SIHO SIH2-OSIH(CH3)2 (CH3)2-SIHOS HCH3)-OSIiH (CH3)2 and the
fluorinated carbon derivatives thereof. A conbination of

thermal | y-l abile-inparting and non-thermally-Iabile-inparting conpounds
can be co-deposited to tailor filmproperties. A preferred enbodi nent of

the co-depositi oncQpundent oGkt fol DELERL i ADLLS; LiRasLIag,compound

selected from either nethylsilyl-1, 2-di ox1 nyl e% HeF 678 2o e ehfﬁ Si' | oxanyl

furan and a rf8hbee? ARRTGESOThAT? e nimar avFlifgnalemso il insighifonbung staim ei t her

2,4,6-trisi| agxantn( depdsibin rdnksth | HeREHANYVI ODYE RN acUne and_cyclo-1,3.5,7-

cyclo-1, 3,5, 7-te.gla§| I ano-428, dGLﬁdthoxy-A 8-di net hyl ene, 12 ,27°4 JUON’200+ The

co- deposi t ed 'HEEEPEA TIAFOHEIREAY e rarS fordinsiof éhe sipefunstiegel gkecial es whi ch

can be used abvashggeopshys amepdle Phafad tey6d1 €abiBy 85l b&Er Wethinical

i nsignificant_ ri Ry ﬂgai n z%%%n i ch deposit i.n random orientations. For
clo-1,73,

n
2,4,6-trisi| &6¥ane and i TP PR PRSP T PV 4irgsty o reuehim

et hyl ene, t hetadudehsityovithinige édpositefilsi, tpilebyf prottingload digeorit@Bmt.0  t he met hyl ene
groups can provi dgad. ey aﬁ&%o%‘?&%ﬁiﬁﬁg%aleh Vis 30dptler sirecnani cal
properties of the resultant fiTm e nhon-planar* no eCdl € ean provi de a
relatively r Py annealed at a gradually increasing temperature to convert the labile organic

groups to dispersed gas pockets in a nano-porous silicon oxide layer having a low

dielectric constant attributed to a preferably closed cell foam structure.

In a preferred embodiment, the nano-porous silicon oxide layer of the present
invention is deposited on a2 PECVD silicon oxide, silicon nitride, silicon oxynitride, or
hydrogenated silicon carbide (e.g., BLOK™ layer material available from Applied
Materials Inc., of Santa Clara, California.) bardier layer that was deposited on a patterned
metal layer by plasma assisted reaction of ome or more reactive silicon containing
compounds. The nano-porous silicon oxide layer is then deposited in the same
multichamber clustered CVD system while applying RF power or remote microwave
power, and is subsequently heated using an increasing temperature profile, optionally to
between about 350°C to about 400°C. The nano-porous silicon oxide layer is optionally
capped in the same chamber or in an adjacent cluster tool processing chamber used to
deposit the barrier layer, for example with a hydrogenated silicon carbide (BLOk™Y), The
liner and cap layers serve as barriers which protect the nano-porous silicon oxide layer.

- Treatment of the porous silicon oxide layer with a hydrophobic-imparting
chemical during or following curing at an elevated temperature, improves the moisture

resistance of the deposited film. The chemical used is preferably selected from a group

consisting of hexamethyldisilazane, trimethylsilyldiethylamine,
phenyldimethylsilyldimethylamine, ‘ trimethoxysilyldi-methylamine,
tris(trifluoromethyl)silyldimethylamine, bis(trimethyl-silyl)hydrazine, 1-

phenyldimethylsilyl-2-methyl-hydrazine, 1-trimethoxysilyl-2-methyl-hydrazine, 1-
tris(triﬂuoromethylsi1y1)~2-mcthyl-hydrazine, trimethylchlorosilane, trimethylbromosilane,

trimethylsilane, or combinations thereof,
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stack density within the deposited film thereby producing |ow dielectric
films. After the silicon/oxygen containing material is deposited.as a film
the filmis preferably annealed at a gradually increasing tenpé& a2y
convert the labile organic groups to dispersed gas pockets in a

nano- porous silicon oxide |ayer having a low dielectric constant
attributed to a preferably closed cell foamstructure. In a preferred
enbodi ment, the nano-porous silicon oxide |ayer of the present invention
is deposited on a FBCVD silicon oxide, silicon nitride, silicon oxynitride,
or hydrogenated silicon carbide (e.g., BLOKTM | ayer material avail able
fromApplied Materials Inc., of Santa Clara, California.) barrier |ayer

t hat was deposi teﬂleqmeampﬁtipelaﬁeﬁcanr&t @boshta;vﬁ!f pRYMPLARRR B8l esh r €act i on
of one or nore r, E¢g$1?# fconggonHalnlqg npounds, The nano- gorous
silicon oxi d&A°% ‘éﬂ' et GRPESHt VR F eS‘g“a‘ﬁ‘e"xYPﬂmdﬁ Chyrermaet ust er ed
CVD syst em whilit@ capleyBIOK™F power or renote mcrowave power, and is
subsequent |y heat I, [ ture,prof.ile onal ly- to
bet ween about 35 &%2% I?HXB@%?Sgﬁgpﬁ%ﬁg%%g?%ﬁ@mg?Fﬂ?8ﬁ°3??3@5kéyer i's
optional ly denoptug nano-péreussiiven exideridyer obthe praseatrin@diiacent cl uster t ool
processi ng chanber used to deposit the barrier layer, for exanple with a

hydr ogenated silicon _carbide (BLOKTM. The |liner and cap |ayers serve as
barriers whi ExePRIBEYLCYD FliemaRstsitor ous silicon oxide layer. Treatment of

the porous sili COopneQyithe ¢y @lasid iehbt& ﬁmﬁm&ﬂ@@ib&ofﬁpﬁééehﬂgvenﬁmcm

during or fo | owi.ng curin eva t enperature,  inproves_the
noi sture reSPStH @Jtésfthfggf%‘ea%ﬂ a‘ﬁﬁ%l"’nﬁr"n’l'ﬁéplt‘?ﬁé\ﬁﬁt?f’éls A Sarf2 Sty ef er abl y

sel ect ed fr ombfo@raoami icchineh stHiNG, aﬁlcmexamahyﬂoﬁhs‘atdoamwaparallel plate
phenyl di met hy, %

(trifluor orret ? %PE%L%E}GP&& 1 limm&na Rgh gicmap agpion 115. Reactor 110
| silyl-2-nmet Iqsdtmkﬁ;ﬁdgaazhsrr@uhctnr mmfpldylllyfdrwﬁsdq:rengmbm grses through perforated

trimet hoxysi pykdi:- tﬂ?hﬂﬂx‘fﬁ&*‘t@@wﬁ%&a‘t& bf smagsv{mﬂhow Y982 L0G  substrate

1-trimethoxysilyl-2-nethyl-hydrazine,
tris(trifluoFtnet ﬁkfresqnswcynﬂz 112 thieh ihipisechon lewered by priiftimydtertill6r b diatidne,

trimethyl br Oﬁfﬁ’&h&ﬁﬂ@bem (abtl B huSh b2 Bical§VusCORP LA (rf¥dfort SYEFIRH, may
also be provided for injecting a liquid reactant. Preferred liquid injection systems include
the AMAT Gas Precision Liquid Injection System (GPLIS) and the AMAT Extended
Precision Liquid Injection Systern (BPLIS), both available from Applied Materials, Inc.
The reactor 110 includes beating of the process gases and substrate, such as by
resistive heating coils (not shown) or external lamps (not shown). Referring to Fig. 2,
susceptor 112 is mounted on a support stem 113 so that susceptor 112 (and the substrate
supported on the upper surface of susceptor 112) can be controllably moved between a
lower loading/off-loading position and an upper processing position which is closely
a&j acent fo manifold 111.
When susceptor 112 and the substrate.a.rc in processing position 114, théy are
* surrounded by a an insulator 117 and process 'lgases exhaust into a manifold 124. During
processing, gases inlet to manifold 111 are uniformly distributed radially across the
surface of the substrate. A vacuum pump 1.32 having a throttle valve controls the exhaust
rate of gases from the chamber.
Before reaching manifold 111, deposition and carrier gases are input through gas
lines 118 into a mixing system 119 where they are combined and then sent to manifold

111. An optional microwave system 150 (shown in Fig. 3) having a applicator tube 120
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13 2 4 JUN 2004 The liner and cap |layers can be deposited by plasma

assi sted chem cal vapor deposition (CvD) of silicon oxide, silicon
nitride, silicon oxynitride, or hydrogenated silicon carbide (fb_gﬁﬁlf\/% A
Further description of the invention will be directed toward a I @
apparatus for depositing nano-porous silicon oxide |ayers of the present
i nvention. Exenplary CVD Plasma Reactor One suitable CVD plasnma reactor in
whi ch a nmethod of the present invention can be carried out is the "DLK"
chanber available from Applied Materials of Santa Clara, California, and
is shown in Fig. 2, which is a vertical, cross-section view of a parall el
pl ate chenm cal vapor deposition reactor 110 having a high vacuum regi on
115. React or ma}@e ieRed ¢ théinput §@Sing ifd el oRdIzIn@ Rad W8 Piok AL hdkibdal bRkgydhsper si ng
process gases_throu hhpﬁlrforated holes in the manifold to a substrate or
substrate (ndlfss?f'i’ﬁﬁi%“ t R8O BB B8 PIgT LU B r g the 2o bi TS FEEOW suscept or
112 whi ch i s apgticstetiproviddscangive fibiy ttveed bboDb @id dbbdt 6080 IW.Q Wegkraliynfhect i on

system (not shown) i.call ed for liquid.injectian, of TEGCS,
a8l S0 be TRPER el Ui e 4R EOL of BERrG%h it B &Y PRHOY g o

i nj ection systkes@pindbuyethattdare bAWET tGagoRrtiedlysiramnbaliyushd diffhedlbword Syst em
(GPLIS) and the.AVAT. Extendac: iPi 68 Skl atht Ll st & Qhn S (EPLI S),
bot h avai | abPLers S Aol e e oy o st (ll 6 Wy AP RER 0

heati ng of t R foelfesss teeneh Shegig supplydmpsat Whendopih gages dog/used insthe piogass, heat i ng

coils (not shewm) sty @xkeiNadives ARPSoskioRd ENQWD bas B?%]}?ﬁfn'b R chRedtofal 2,
susceptor 112 |§ mpunt ed on a support stem 113 so at susceptor 112 (and

t he substrat &™ It ed on the upper surface of susceptor 112) can be
control | ably novethebédpusiion procesop@forh@iari Rgtdaf 1Mo emde nghgashéi@amand an

upper processing positian i.ch is .closel dj acent t nifold 111. When
suscept or 112“%"%58 o?ﬁtcaooé%bsgl\fﬂs/gg[f BEdgéftaél F ﬁﬁﬁ%@g@@%ﬂﬁ@r%gﬁ-i {C}'iag‘;ﬁmfﬂr,ocﬁsﬁey are
surrounded by cantaniled plauragit tpically7foamd adjacntt® Shegralbaste @y REUStrgy afpbedatomani f ol d

124. During RIS @ﬁg&gfokgeﬁe milrﬂgﬁﬁvleps @i{zg' ittt stsc HBi&fm%

24. | Egd%
di stributed radial i/ across the face e Substrate. vaculum punp
132 havi ng a Altsmetitebe RFaparer cahbe groyidehiéo Exhrasesptor 1@t & BF pgegessnfbeom t he

chanber. Bef Qrfide@as RirR@niTBdotdng & ldtfer € ROSILEQN BNDow@lshi By 13088S are
i nput through gas _lines 118 into a m xing system 119 where they are

conbi ned and SE¥ exél‘gmsmgle W?‘?do gfuency RF power to enhance the decorposition o

reactive species introduced into the high vacuum region 115. A mixed frequency RF
power supply typically supplies power at a high RF frequency (RF1) of about 13.56 MHz
to the distribution manifold 111 and at a low RF frequency (RF2) of about 360 KHz to the

susceptor 112. The silicon oxide layers of the present invention are most preferably

produced using low levels or pulsed levels of high frequency RF power. Pulsed RF power
preferably provides 13.56 MHz RF power at about 20 to about 200 W during about 10% to
about 30% of the duty cycle. Non-pulsed RF power preferably provides 13.56 MHz RF
péwer at about 10 to about 150 W as described in more detail below. Low power
deposition preferably occurs at a temperature tange from about —20 to about 40°C. At the
préfened témperature range, the deposited film is partially polymerized during deposition
and polymerization is completed during subsequent curing of the film.

When additional dissociation of the oxidizing gas is desired, an optional
microwave chamber can be used to input from about 0 to about 3000W of microwave
power to the oxidizing gas prior to entering the deposition chamber. Separate addition of
microwave power would avoid excessive dissociation of the silicon compounds prior to

_reaction with the oxidizing gas. A gas distribution plate having separate passages for the
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11 1. An optional mcrowave system 150 (shown in Fig. 3) having a
applicator tube 120 14 2 4 JUN 2004 may be | ocated on the input gas |line
for the oxidizing gas to provide additional energy that dissociates only
the oxidizing gas prior to entry to the reactor 110. The mi cr owd/edJUN 2004
applicator provides a power from between about 0 and about 6000 W
Cenerally, the process gases supply lines 18 for each. of the process
gases include (i) safety shut-off valves (not shown) that can be used to
automatically or manually shut off the flow of process gas into the
chanmber, and (ii) mass flow controllers (also not shown) that neasure the
fl ow of gas through the gas supply |ines. Wen toxic gases are used in the
process, Seyiﬁéoﬁlcoaﬁ&ﬁa ¥nB b bxifhig pad il[?ﬁfeﬁgfwﬁ’éﬁsmiﬁo%@edpo%rﬁaaﬁgladgés suppl y
line in conventional configurations. e deposition process perforned in
reactor 110 &8AXPEngEBher a non-pl asma  process on a cool ed substrate
pedestal or a pl aspraignhanged JPHRCASSber lifing dod ATIThREAE 83&plate, Bugpet r ol | ed
plasma is typically {or_mad adlacem to the substrate by RF energy applied
to distribuffBal YegPY OMeT reRY g IS ans i iRide Qut b mpterd such, s PEptor 112
grounded). Alddeehatuninehy , ARExqa@iest e a (B/IP Fambde detdibédma BYseaaitor 112 or
RF power can_.h r oy, ded. t o .dif conpaonent . di ren requenci es.
RF power supB’I18 §0’]11§53n}ég% q%ﬁ%“ﬁ%"%@?ﬁg{r) %?C%Ia%de@?e%?ﬁa&SﬁmF Il;ge u‘éaFrll}:,%P RF power

t 0 enhance t Pepdidconffhbionlovkidefand fresiptNnie stspBlenagised Brvaesduiseel toritangt he hi gh

vacuum regi o ) I |y supplies
power at a h?tg{?}i%&%??&égﬁgéﬁggé%?&% 5@5&%@%‘?%6&%&%@%‘ di stribution
mani fol d 111 and T 5§ maey IRFE rasee apddawsss puRmeptor b2 hebisan a BEOeSKPE PESBICE he

suscept or 112nd RGeS bdbkteAofh @ shiay eT1s itftort 6 ﬁrn%%Frsysitem/ﬁ_@E iafaH@r € nost
preferably ggoduced using | ow ﬁvel s or pul se%i | evel's’ of :M_gh frequency RF

p h
pover . Pul sedTREVHGRERY Lot &F SPUHE B birgasonlles! Sheyerngentiddigrs B about ™ 20
to about 200 TWY edaktion ghchbEUinalld Yastembliah Quth B0%Xasd filotwh Boriollers QYBES. anllon- pul sed

RF power preferabl rovides 13.5 RF r at about .1 0o.about 150 W
as gescri Eed Sﬁa?ﬁa%%é’&aeedt Y Igenﬁrélﬁ)éswgla %Woﬁ‘g\%eg%y p%%t?’?icﬁrﬁjog?rglfs Eérw gbclgy occurs
at a tenper akxwatey aysgen Fontwol adforte s@Rdtio aembry4DC, whichtinethe praférexdr ed
tenperature %%Ec%g%?n;i/&ea d8R0R4! &b 'ﬂg@&; Sza%lggf)tg LA 3brP AL WIBS 1266 0bal NG

deposition and [ merization 1s c _rrpﬁ uri n(jjrsubsequent curing of the
film Wen adefmiinsieg pogitias oreteble megtanicH essemblig sichgs Gagrete pbwiol &4, an
optional M GLAWRYEME NRE o for BSsitbaRE tHe QustdpRE G 14 r om about. 0 to about

3000W of m crowave . o
The system controller 134 comnfrols all of the activities of the CVD reacter and a

preferred embodiment of the controller 134 includes a hard disk drive, a floppy disk drive,
and a card rack. The card rack contains a single board computer (SBC), analog and digital
input/output boards, interface boards and stepper motor controiler boards. The system
controller conforms to the Versa Modular Ei:ropez_ms (VME) standard which defines
board, card cage, and comnector dimensions and types. The VME standard also defines
the bus structure having a 16-bit data bus and 24-bit address bus.

Fig. 3 is a simplified diégram of a remote microwave system 150 for dissociating
process gases such as water pﬁor to entering the DLK reactor 110, in accordance with an
embodiment of the present invention. Remote microwave system 150 includes an
applicator fube 120, a plasma ignition system including an ultraviolet (UV) lamp 154 and
a UV power supply 155, a microwave waveguide system that includes various lengths of
straight and curved waveguide sections 156, waveguide coupling 158, which may be
connected together at joints 157, an output waveguide section 160, and a magnetron 168.

The waveguide section 156 may further have an arm support 162 formed therein for
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power to the oxidizing gas prior to entering the deposition chanber.
Separate addition of mcrowave power woul d avoi d excessive dis%fikggLﬁﬁ*of
the silicon conmpounds prior to reaction with the oxidizing gas.
distribution plate having separate passages for the 15 24 JUN 2004 silicon
conpound and the oxidizing gas is preferred when m crowave power is added
to the oxidizing gas. Typically, any or all of the chanmber |ining, gas
inlet manifold faceplate, support stem 113, and various other reactor
hardware is made out of material such as alum numor anodized alum num An
exanpl e of such a CVD reactor is described in U S. Patent 5;000, 113,
entitled "Thermal CVDI PECVD Reactor and Use for Thermal Chem cal Vapor
Deposi tion ofuSilk Woyam =Sl i- St Planar i.; rocess, "
Catued o VanLTart o ARIREKEE aRT ot WBuRLL LY Vit (RR AR IRRAE S

assi gnee of CHEPFFEEBPIECE P ﬁ?quﬁ to armdoipts £43 thaypeawidg Yertisehsepasstionndithe over s

suscept or 112mDEitae &l AMoP rQAARKRI RS biltheQfin 18 Hodhd HRWER joirgd ST It e- | oadi ng
position. The mptar, the gas%m’éj&g sy?t_em 119, and the "' RF power supply

125 are cont PBF U AGP: & et Sreroptiadersiepupled, iy oneorrRitee | 1PhEs 36, The
react or incl boesn efithd am jams Bitnil @Suples HCNseaénd MBS Gictd B8/ 2698 kdpQfhiRrasm WCs) and

standard or pul ] eper at al.s, t hat e.controlled by t st.em
control | er 1f§c2'£“t\7\l/§|§j'cﬁllfg agticgglﬁ?tggﬁise%? lﬁ%ef:ge';?ta};%? e’?('if’%%?@é‘t“b{%&ﬁ%’“ﬁtfoé menor y
210, whi ch i nertited sgpprfiay ¢fabE armrixsed ame iexibitity avf hasitthn diesdmdi6é,\aed thvbther s and
optical sensqQfi§q e et shoueh [ 1N e Lt ohovabl e
mechani cal assenbl i (Sa)ég such’ as %(ﬁ%e?a'lta raéltg%'agl‘e\glﬂcg%fttg?pr?%%mg\f%gtﬁg%oburrp 132
and notor for posHegrsnkPstihe tyaigalarasnesion saupee cblesf spasting betwew! sbert 134

control s all ogbod Wanaek ic¥idnh&s wake [ &\RIELAGHR br AT WAvestab &t had _
enbodi nent of the Cfcg%a&otlrl er 134 includes a hard disk drive, a floppy disk

drive, and &&87H SARECE Pl cPuek othgh FagtsEons Banh§F etibedr & wehput er
(SBC), anal og:i:amdmctiu?a: shadnllo) ammﬁnlld pﬁw& mb%ﬁﬁksuangrﬂﬁﬁnfﬁﬁemb@ﬁﬁf ésieand )

st epper notor_contraller boards.. The syst cantroller conforns,to the
Ver sa Mbdul artovfzat:f{r.'%’ﬁg‘éaﬁosf BRIV st %ﬂ%?ya%%ﬁ@h“"a@} PRELS PR BB cage, and
connect or di g ernsntarmovidep de. mithwawvistept B ddthdheadbfiny tehdidhabe loacha bus
structure hayj =0 24- hi r = 0 is a
<inplified digoran: %‘?@“gi {rﬁeocnlrg{t_% °$n&§‘¥%@m%v’é6%‘%‘{eé’?n%%§§§%8g%sd F%‘@d’c?yét; "ng
process gased’émenhpragidedradiiuging, granysb uaing o pyigmattretubhk accoatinge sgepdic in
accordance WehBoddRent€ HREJIBRAL effodinitar, Be GaG&hiad BYERL hAR 1 BEIRLR:JR-Cr OVave

system 150 i ncludes an . .
sections, but other types of waveguide also may be used.

Applicator tube 120 is a circular (or other cross-section) tube made of a composite
or ceramic material, preferably alumina, or other material resistant to etching by radicals.
In a specific embodiment, applicator tube 120 has a length of about 18-24 inches and a
cross-sectional diameter of about 3-4 inches. Applicator tube 120 is disposed through a
waveguide section 160, which is open at one end for fransmitting microwaves and is
terminated at the other end with a metal wall. Microwaves are transmitted through the
open end of waveguide section 160 fo gases inside applicator tube 120, which. is
transparent to microwaves. Of course, other materials such as sapphire also may be used
for the interior of applicator tube 120. In other embodiments, applicator tube 120 may
have a metal exterior and an interior made of a composite or ceramic material wherein
microwaves in waveguide section 160 enter a window through the exterior of applicator
tube 120 to the exposed interior of tube 120 to energize the gases.

The above-described method can be implemented in a system that is controlled by

a processor based system controller such as the controller 134 shown in Fig. 2. Fig. 4
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applicator tube 120, a plasma ignition systemincluding an ultraviolet (UV)
| anp 154 and a WV power supply 155, a m crowave wavegui de systemt hat
i ncl udes various |lengths of straight and curved wavegui de sections 156,
wavegui de coupling 158, which may be connected together at joi2¥ JUNSDRE an
out put wavegui de section 160, and a nmagnetron 168. The wavegui de section
156 may further have an arm support 162 forned therein for 16 24 JUN 2004
attachnment to an pivoting arm 164 nounted on a arm base 166. The pivoting
arm conprises arm pieces 165 coupled to armjoints 163 that provide
vertical separation of the armpieces and allow rotational novenent of the
arm 164 around the armjoints 163. The armjoints 163, are vertically
di sposed. cy iece 1 at.th bot t of the arm
Foiht 163 anduan bR MNE O Aol AL W BERAR Bkt TR e
joint 165. TRehaymegedineristenf coptdlen i hiteee be @plopd in he:hm@sac@f/ fthe arm
joint 163 al f i Xibility
Lawinf Qhrolée 4l 1E&Lde§§ﬁ%?%ln%¢ Odntrhy ﬁocesrsﬁg &&%158 356lnkd i6

of position the arm 164, m crowave S duri ng
oper ati on an@PFRIcViEREROH LG Ranast Heressletiep %léa"élﬂ@ﬂut EM’GOI WEGABERDA 168 i s a

typi cal nagnefspieustosh ceh&@ae;blcm@hem%atnun&s%ﬁw APt circBs 3900 Vat ts
for continuous, wave %JCV%V a%kl%%g ut put of m crawaves of about 2.45

G gahertz (G 23 PoRGHLER T@ERE 25 FRRYSHpYHYD) By aptthetks | zed as
well. G rcukabpkd tc(uhe)tramhs)wm)pomhis@\ﬂ/ﬂlcamﬂg/prﬁdaﬁswedcﬁr D10t @abiliAte doh@sIHi SSi on
from magnet r edlqpe%uo%?roce%sﬂ 8P Q%n'trgﬁler?& :%s%?x%h.}[]d Tumfn Sﬁ%’tSt erPusz’Qé whi ch

may use stub unin & EH Crowave
syst em 150 wiptohessihgthebgh aetprISt(mtnmv@hmtthﬁechhm‘@dll@t Su&ha:amgum@esumﬂﬂmn 160 to
the charact eg!u@t{mét&'s gm@aﬂ&%teqémﬁ%mmw des %@k&%&}ﬁh@% may
provide fixed tuning, nanual tuning, or autonate ning, according to
specific enbb#s #’éﬁ?@“’mqﬂﬁ apefeurlisde pEoobsyBePYRAP, t he wavegui de sections

have rectangul ar 1 R&Hmte 368l OMNEe cHikiberQl DALY PRve, AhNBME Y H8 ¥l xe My be
used. Applicator tube 120 is a circul ar@%or ot her cross- sectlon t ube nmade

of a conposi PEEY §ImOL ERFTRLPYRASBIRIET Rpespsar thasicgn e usdi h & mestl 18RS mat er i al
resistant to f@tceﬂiuomglgbrynduadhmaales and bubp@c@es | TheGnaasBOIONe Biupledppthccat or

tube 120 has ot b t -24.1n hes..an cro sectl onal di anet er
of about 3- 4C|§’Hc esm%Ap ot%liet %St‘ﬁ%usi Zaodl glbeo?%lﬂoryt%m Tkt wavegui de
section 160, rmb@fmdgmo%ﬁnmar b@m@ @mebrd of readilp awatitile mngormsmhcawamésmand is
term nated at,{6,Hid g,em@@}i rob bty GndRIAIR MY gapp d&k%@éf%&d%ﬁeya@@sm tted

t hrough the open en waveg U|de section ases I nsi appl i cat or
t ube 120, V\,hpg:lﬂr fojm of digital storage local or remote. The support clrcults 214 are coupled to the

CPU 220 for supporting the processor in a conventional manner. The deposition process is
generally stored in the memory 210, typically as a software routine. The software routine
may also be stored and/or executed by a second CPU (not shown) that is remotely located
from the hardware being controlled by the CPU 220.

The memory 210 contains instructions that the CPU 220 executes to facilitate the
pérformance of the processing system 10. The instructions in the memory 210 are in the
form of program code such as a program 200 that implements the method of.the present
invention. The program code may conform to any one of a number of different
programming languages. For example, the program code can be ‘written in C, C++,
BASIC, Pascal, or a number of other languages.

The mass storage device 215 stores data and instructions are retrieves data and
program code instructions from a processor readable storage medium, such as a magnetic
disk or magnetic tape. For example, the mass storage device 215 can be a hard disk drive,

floppy disk drive, tape drive, or optical disk drive. The mass storage device 215 stores and
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transparent to mcrowaves. O course, other materials such as sapphire al so
may be used for the interior of applicator tube 120. In other enboﬂ ts,
applicator tube 120 may have a netal exterior and an interior éatle Hﬁﬂ@
conposite or ceramc material wherein mcrowaves in wavegui de section 160
enter a wi ndow through the exterior of applicator tube 120 to the exposed
interior of tube 120 to energi ze the gases. The above-descri bed nethod can
be inplenented in a systemthat is controlled by a processor based system
controller such as the controller 134 shown in Fig. 2. Fig. 4 17 2 4 JUN
2004 shows a bl ock diagram of a processing system or reactor 110, such as
that depicted in Fig. 2, having such a systemcontroller 134 that can be

enpl oyed in %éﬁ@é%ﬁh&ﬁ%@ﬂﬁnymrm@nsesafcﬁ;e@tmnm&tl{ QlebRL froh the ICPB1 M6 €5acR
programmabl e central processing unit at 1s operable with a

menory 210, &“REISEAR FSe RFEIHERS Eaéa‘?fg’mdi-\%f?‘ieﬁﬁ‘t?@blfi@ﬁ%l“%ﬁ@#‘?%@” and a
di spl ay unit ar%@plofdtery$erreiscomit20b f2b efraﬁhg 6 brobGhg y@Sm Wehd dale@dn suppor t

(10 cir iﬁf‘pgo%%%w%ﬁa«%%a“’?oﬁ‘ér"%'ste%slﬁvegﬁo B8 VPR EBORBNE 6 of 't he
DLK process méiuﬁncandﬂnérozramsferfrahomemnmnfmoéebg&e@mzdepom t| on process.
processi ng t hr oughiLEns o HE R MIE R Rl oCRE A PP RR RS oo o
measure syst enhghpmatn&e@mesw@hn 420 w@swsaméaut Biipepravids for ﬂl@:rﬂamﬁ@:f a -

at mospher e PLesSEr Spafgst 8 oy ull 2815 ABRYEEhAIEH 9 dkfingOUP! ed 1O

td 1
a control system, bus 23019}'?:‘ facilitate control of the chanber as descri bed
above, the CPRFTEZGn Mgy fom ofgraphics} dléﬂ@“f‘%‘? Hplspuecsi shatctpuTesOnEdfbut er

processor thale gpaypzbe used in an industrial setting for controlling

vari ous chanbers nd su ce The r o led to the CPU
220, and is acces Iétm?gy ?eﬁeglg%ﬁf?ftﬂv%ﬁ%g’g% tya’ﬁ% °ﬁ\g?fﬁf‘vyg’f5dl e omput er -
readabl e medibetveshlAl, ofmlmdeheesdhwe a@rconpiecﬂo@ﬁe doﬁaﬂlsjvs;enﬂbxﬁlzh(abhehdﬁglmhby such as
ard d sk oragty DRl bt dlores £ A AR PR e Pty bR F B 0
support ci I’CIQPUS?-')Q,W @lﬂ@l@m@@%@)cmh@ bwlﬁmnbmsgupmmmp@ thiae
processor ingg, %QE&{%%' ﬁﬂﬁ'coﬂ%mﬁ{ 245?@&11 %ﬁ’c‘?ﬁh&é} Qg Wa&%?o?a%e'dﬁvelcegﬁ@er ally

stored in the rrermry typically a software routi sof t war e

routi ne may &t %O‘Eiéedét’ 6‘% @H“tei’r‘fﬂ’}l‘d?méb@é?é h‘ﬁse‘dlﬂl?}h@ac%(é%@rﬁad wPueyRde 2&hown)

that is rermu:aip)edlt@mmgmcése&m heheh@dariede otk Bl iR tg:%‘ilph&\él tlke CPU

f2§8| I ;I'[lgt rem{mﬁyré%ogpjfgitgg%trﬁgrail rI]O strucitS;{S?egsbutsgat the CPU 220 executes to

The system controller 134 is coupled to the elements of the processing system 10,

& contr

employed in dielectric deposition processes in accordance with the present invention via
the system bus 230 and the I/O circuits 240, The I/O circuits 240 receive instructions from
the program 200 stored in memory 210 via the CPU 220 and system bus 230. The
program 200 provides program subroutines that enable the /O circuits 240 to provide for
sﬁbstrate positioning control 250, process gas control 260, pressure control 270, heater
control 280, and plasma/mnicrowave control 290, of the reactor 110.

The CPU 220 forms a general purpose computer that bécomes a specific purpose
computer when executing programs such as the program 200 of the embodiment of the
method of the present invention depicted in the flow diagram of Fig. 4. Although the
invention is described herein as being implemented in software and executed upon a
general-purpose computer, those skilled in the art will realize that the invention could be

implemented using hardware such as an application specific integrated circuit (ASIC) or
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performance of the processing system 10. The instructions in the nenory 210
are in the formof programcode such as a program 200. that inplenents the
nmet hod of the present invention. The program code may conform tegan sgpe
of a nunmber of different progranm ng | anguages. For exanpl e, the program
code can be witten in C, C++, BASIC, Pascal, or a nunber of other

| anguages. The nass storage device 215 stores data and instructions are
retrieves data and program code instructions froma processor readable
storage nedium such as a magnetic disk or magnetic tape. For exanple, the
mass storage device 215 can be a hard disk drive, floppy disk drive, tape
drive, or optical disk drive. The nass storage device 215 stores and 18 24

JUN 2004 ret Bﬂh&VﬁdM@cMﬁxﬁyr ULS LRASIt sibuleRPRRSResOmet hEGHeRRE k8t |t
receives fromthe CP Data _and program code instructions that are

stored and réﬂﬂﬁ@?@ﬂ1BVm@ﬁ8fﬂﬁ§§1%¥@W§§ém6@@ﬁéb‘%&5 are enpl oyed by the
processor unit Zzﬁefa%vem BfstetOdb BB ©GRES) faglmyﬁtzmurﬂda@ ghiatdheand
program code |nstr% ions are &lrst re rleyed %@ﬁﬁ &§§§I$t0r3§§3deV|ce
215 froma REHUM aq“e%eﬁt Y&t BT P65t T y Bre by the
CPU 220. Thedbmutmmmxf@hplumw ﬁgkﬁd@mwpﬂﬂ&maa:\damwmeapmﬂﬂmdem e@y bsuch as a
keyboard, nouse, r.ocessor, uni.t 220 system
bus 230 to p[gla,g;lﬂzf f‘% rdatﬁﬁally vananon o% pme al?ove%es rT%bed s&stem SL% % as \gkﬁﬂtﬁ%&&& The

di spl ay uni t s@bptqpdeiendeste; Msm dmatlme pawc,rharmbmons @Q@ﬂ'&tﬁ@:@ possitlhe f or m of
graphi cal di gpl g5 Iélra%satgala@@ame sgplssn@cr et by@%@u&ws@d sugée{,m; he CPU

220. The control system bus 0 provides for the transfeer of data and
control sig néﬁlgpre‘b@%b@dﬂqm°éf°ftf%@%éxﬂf%§eq1Fﬂ§f ofthepresstigreaings e contr ol

system bus 23QuteNolhP4pahinid HiparakOsts Ry sptiHo- @bl citSodingRbayed as a single
bus that directly connects the devices in the CPU 220, the control system

bus 230 can also be a collection of busses. For exanple, the display unit
255, input coRrpéstionlsnh NaeBorows Siticanr(uiide i ce) , and mass storage device

215 can be coupled to an |n ut - Qu her.al bu the GPU 220
and menory 210 are™ "EoUpled to a &eq%?’ler pr oecrg{?ss%%%nvﬁlgmnbal%e{1 } I 'Processor

bus and i nputthr@adltampmp@s aSpiIhe*min Higi$ usipg the EBUPD edmicoyatheramby Of b’ni-t he
control syst r t e
?{%}' ? tg %% 2, a%bﬂﬁtlﬁf@sﬁlgﬂéd 3@!‘) %.rgt)@;e%gz%or 0 %Phﬁ-ﬁer 18ek

el enent s of ocessing syste Ielectric deposition
processes in daimléﬂddﬁcbﬂw P Y'Jﬁeprﬁic&ﬁséﬂm 3 RipEPR COTPPTFInG 2 (TRRStEy §HEh bus 230

and the 1/0 Ghfi&kihg SordfbBad. THEdchdfkidal step U4 Sin 240a¢ SRSy GhpiECHEaAS from
or both an inductively and a capacitively coupled plasma in the process chamber 15
according to methods known in the art. An inert gas such as helium is commonly used in
the PECVD deposition to assist in plasma generation. A. nano-porous layer of the present
invention is then deposited 310 on the liner layer by depositing a silicon/oxygen
containing material that further contains labile organic groups, and by controlied annealing
of the deposited silicon/oxygen containing material to form microscopic gas pockets that
are uniformly dispersed in the layer. Next, a cap layer is then deposited 315 on the layer,
-..preferably using a similar process as employed for depositing the lining layer. The
substraté is then rel-:noved 320 from the reactor 110.
Referring to Figs.6A-6E, the three-layer process provides a PECVD lining layer
400. The lining layer 400 acts as an isolation layer between the subssquent nano-porous
layer 402 and the underlying substrate surface 404 and metal lines 406, 408, 410 formed
on the substrate surface. The nano-porous layer 402 is capped by a PECVD capping layer

412 of the silicon containing compound. This process is implemented and controlled using
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t he program 200 stored in nenory 210 via the CPU 220 and system bus 230.
The program 200 provi des program subroutines that enable the 110 circuits
240 to provide for substrate positioning control 250, process gas control
260, pressure control 270, heater control 280, and plasma/ m cropaN@, 200k
.cpiqtr of the reactor 110. The CPU 220 fornms a general purpose conputer
t hat becones a specific purpose conputer when executing prograns such as
t he program 200 of the enbodi nent of the nmethod of the present invention
depicted in the flow diagramof Fig. 4. Al though the invention is
described herein as being inplenmented in software and executed upon a
gener al - pur pose conputer, those skilled in the art wll realize that the
i nvention coul e in dpare su [ ion
spectti o e dothahl oRLEAERY S HRL09 B0 GPELSHRNS BBl A | O
circuitry. Agﬁgmdﬁo it should be understood that the invention can be'
| ol ement ed, i n Whol a0 pig) SRAE PECOD"" w‘%%(er%oo*}@& VG ELinOhe 1%9&% 11th€ above
CvD systen1descr|pt|on is mainly for ustrative purposes, ot her
pl asma CVD eamryﬁ@rwgeueq&maessﬂe%eqwtw ©perud rathay eddssges TECRresH| asma CVD

devi ces, i ndygdkd @ikt GoLAsAE eﬁﬁn&ueﬁw@ﬁﬁéﬁ toyfott ARk RliskVdxR Sayeraioo t he i ke
may be enpl oyed. Addltlon %g%ﬁmﬁrlatlons of the above descri bed system

such as varlﬁ?ﬁﬁﬁngﬁem§%§% BIPGAY AL A design, |ocation of RF
power connect i onsRe#itlngh Fy. 6B alicenapo-p&Ebldl 18/er 40BQy depdsitedii@n abheesshg)getsr at e

coul d be supported e5|st|v heat ed. suscept or.

pr et r eat ment %{ﬁﬁtmnge?af Sglaonf andq%(l)kr:%% ng COPlg?tf’"g%%“gcfnloﬁ S alvine eﬂ“éa pf)orcgsssent

i nvention i s geoflows| rayge thed abeutaﬂwosp@(cllwocsc@pfmmaatmommd lebirppnigipagi fi c

pl asma excit %&hﬁbﬁlmf?&n*a%gout ?‘iiz%%bttzﬂo@d‘sc ﬁm@'@{i&mﬁ’ aguﬁlegkéférﬁﬁ @as%vﬂe Layer
The nano-porous silicon oxide er of t rese i nvention~can

deposi ted i nraee fpmaboyta)ét a‘1§’iﬂ ecmy Hr éﬁﬁcﬁwﬁioq apdpipbile C@fﬂ%lpﬁgomﬂ?énquC\/D or

i crowave chapdbghoRtatdbibod-5 to RefuE00RE Nt &F <9<1d1§mg g?as srﬂa&t ﬂ(ﬁt Ritek Sre
posi tioned 300 |n the reactor 110 _and a barrier ep S|ted 305 by

a PECVD pr oc €58 f¥dhf ?a%‘fﬁg&owf?%%wew%&wéo §|5I]1“E‘5n SBMN4i ni ng
conpound. TheeagepDIi it hﬂﬁtaﬁied!ﬁt Bftbssradf 4Gl LI aamﬁapmﬁ:l ddnh(@ligpoﬁmrpdfed pl asnma

or both an inducti vel aci tivel as ocess
Chamer 1o | MedBhor i B 4 SRR NE: koGP il SR B RSB0 CSS
heliumis comumnbyoh@edmmnmmnhguPEtm@mdepeﬁammnhyﬁe&aseﬂ@ﬁpanglﬁéna _
generation. ri,gr Layste Rhetd80 %cﬁ?%ﬂﬁa Tt gﬁ‘éagrﬁ&sb&% LRudRg@deposi t ed

310 on the I|ner y depositing a silicon
the substrate to progresswely higher temperatures

The nano-porous layer 402 is preferably annealed at a gradually increasing
temperature to retain gaseous products as dispersed microscopic bubbles, and/or to convert
the optional labile organic groups to dispersed microscopic gas bubbles that are retained in
the cured silicon oxide film as voids in a preferably closed cell structure. A preferred
anneal process comprises a heating time period of about 5 minutes, including gradually
reising the temperature by about 50°C/min. to a final temperature of between about 350°C
to about 400°C. D1spers10n of the gas hubbles can be controlled by varying the
temperature./hme profile and by controllmcr the concentration of labile organic groups in
the deposited film.

Referring to Fig. 6D, the reactor 110 deposits a capping layer 412, preferably of
the same material and by the same methods as used for the deposition of the PECVD liner
layer 400. Referring to Fig. 6E, after deposition of the capping layer 412, the deposited
layers are further annealed in a furnace or another chamber at a temperature from about

200°C to about 450°C to drive off remaining volatile products such as water. Of course,
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containing material that further contains |abile organic groups, and by
controll ed annealing of the deposited silicon/oxygen containing materi al
to form m croscopic gas pockets that are uniformy dispersed 24 JUde2layer.
Next, a cap layer is then deposited 315 on the layer, ,preferably using a
simlar process as enployed for depositing the lining |ayer. The substrate
is then renoved 320 fromthe reactor 110. Referring to Figs.6A-6E, the

t hree-| ayer process provides a PECVD lining |layer 400. The lining |ayer
400 acts as an isolation |ayer between the subsequent nano-porous | ayer
402 and the underlying substrate surface 404 and netal |ines 406, 408, 410
formed on the substrate surface. The nano-porous | ayer 402 is capped by a
PECVD cappi ngrdcayifg corditidnowill aey Sicbigifo 6 dbdkd tiighcieadtipooidle ddpdiigd pr ocess
IS inplenentgg and controlled using 20 2 4 JUN 2004 a conputer program
stored in thé fenory 220 of a conputer controller 134 for a CVD reactor
110. Referring to Fig. 6A, the PECVD lining |ayer 400 is deposited in the

reactor 110 Jy.dib o PdBGLihnfhstesidSirhM§reSi | 1 CON containing conpound and an
oxi di zi ng gasTﬁ%%E‘ﬁ?ﬁéé§§“‘é§é§‘?€ﬁﬁr in a plasma enhanced environment to
forma conformal Ailrsfernd &l demasesperstugge 59 fetimeated bis aecordancs yyithate 404 and
netal lines 4Q8mick08 shddOin FREfErahd B 180T & mfBe hHSrRaRO1PRLRHGILayer 402
is deposited froma_ processjn as _consisting of silicon and Jabile
cont ai ni ng ¢S srbemigalynin Féhﬁimﬁdmﬁgéﬁﬁfﬁﬁsﬂ?B@E%§mW§8§af%*ﬁﬁgerange
from about 2Qaéie: @PatHs ol OB vasiemTohasd thdd@nsi | i con and | abil e containi ng
conpounds, and abouyt t o _about,k 40 eem of the oxidizin s. The
preferred gas flo “maﬁﬁﬁgm?ﬁ%ﬁ?ﬁﬁ%ﬁ?a§g“F@dﬁﬁ&ﬁPﬂ§683EEE%?%%T*?H% silicon
and | abi |l e caneabH sghconmpolbiigds Thandtemnefal disectat dayeds sabeud 554 depositbdut 2000
stem of the qQxi.dizi.n : e e yen. f gher having
a -vol une of %3%?)&?1 tloqn%'tqlg‘% fl/hoybg% %‘fnjgrg@ Folq‘% (gggﬂc r Ié%r&aqgllef)ﬁm@?é’gag?g? 110 is
mai nt ai ned atofien sfamsd toras cxttemgonik, ¢ BLk; dicladiduleysss. Tofirst diele¢tnglapks 6% t i on of

the nano- por Quge by 8nsid@2: of tRENRBROOROLRUS okRAY Byerdand Srefehlf B6kbnAsH 8hown in
Fig. 6Cto renove volatile constituents pri-or to deposition of a cap |ayer

412 as shown deppsitgdpn bstrate 02 he spPspaie suprsngedernsd conustegdirey>%10 under

ﬁn ihnert gas f&hﬁﬁ)mhﬁctmieﬂs&bd&ﬁtatnia&grl 50111&&&1&@.&t@ts@;sme)rag;lagtro@smﬁ Mlmé
i gher tenperatures. The:nana-porous |ayer 402 is prefera anneal ed at a
o R PR

gradual |y i ncHSasPHGe YAPSFEEGr Lo FEEEH JaTm RREREL 8L s per sed
‘m croscopi ¢ |leadbldk @Ok proferably stiomv@tide, deposited thereon.

A silicon oxide, silicon nitride, silicon oxynitride, or hydrogenated silicon carbide
{(BLOK™) second etch stop 512 is deposited on the first dielectric layer 510. A second
dielectric layer 514, preferably consisting of the nano-porous silicon oxide layer of the
present invention is deposited on the second etch stop 512, with a third etch stop 516
deposited on the second dielectric layer 514. The deposited layers are etched to form a via
520, which is subsequently filled with a conducting metal 524, preferably copper, over a

" barrier layer 522 conformally deposited within the via 520. The structure is then
planarized and a capping layer 518 comprising silicon nitride, silicon oxide, silicon
oxynitride, or hydrogenated silicon carbide, preferably comprising silicon nitride, is
deposited thereon. The capping layer 518 also serves as the substrate etch stop and
corresponds to the first eftch stop 508 for subsequent dual damascene multilevel
interconnects.

As shown in Fig. 8A, a first (or substrate) etch stop 508 of silicon oxide, silicon
nitride, silicon oxynitride, or amorphous hydrogenated silicon carbide, preferably silicon

nitride is deposited to a thickness of about 1000A on the substrate 502. The substrate 502

22



the optional |abile organic groups to di spersed m croscopi c gas bubbl es
that are retained in the cured silicon oxide filmas voids in a preferably
closed cell structure. A preferred anneal process conprises a heﬁm‘ time
period of about 5 m nutes, including gradually raising the teg*p'te by
about 50C/ nun. to a final tenperature of between about 350C to about 400C.
Di spersion of the gas .bubbles can be controlled by varying the
tenperature/time profile and by controlling the concentration of |abile
organic groups in the deposited film Referring to Fig. 6D, the reactor
110 deposits a capping |layer 412, preferably of the sanme material and by
the sanme net hods as used for the deposition of the PECVD liner |ayer 400.
Ref erring t ocolipfses Glitenaedit endudtypo titdrdoniecnfortiines S@P PG Inay esntatl 2evelt he
deposited layers are further anneal ed i ur e or t her: chanber at a
t enper at ur e %ugsor%%é%%eﬁi %ﬁOg‘d{‘ 0 '%oﬁ?usfggeégi f57e ?‘\ﬁ gés %??Sﬁgﬁaﬁﬁqrélﬁ% vol atil e
product s sucthe awentiah er the @fst ol siop S0R 1T st Highdc@id Gxem10 bess ihivgresoadi t i ons

will- vary a&s&rsddoag ) Qoohgfb,dég%@, LeRERALAAL 8L éftdwc;ﬁug\nmwse gepQsit ed

filnms. Depositioh o Due mascene Structure . . A preferred dual
danascene st pubtsurnseioage fhigknese af aut 0086 c TheidmiclielsgirioHasen &l0 qnfisshen on i s

shown in Fi gapndaledansiehB&atiRidhaduoisor@ic a'BQ;tH@ﬁC@J feiGieWoftileToRtBaMans i al |y
depi cted schemati cal | whi ch_are cross.sectional. Yicws of

%ln Flgs.BA-SH ] )SS |

a substrate SYRPERYTHE 4eepdd g 190 Rydit slitProsyTinde 3fepesis A Hual
damascene st gikledutid Ryed O 00 1ot thibkrefhadfabkas 5@0.AN a4 Secfiid MatkS pordud ldelarric adyedi el ectri c
| ayer 510 is_sho in Fig 7..7The inter l, . diel {:C | LS .9 and 514
deposi t ed a%:@o‘? gl?eﬂdfg ?Oglt%haeﬂlf%?/eessnf’ ?%br? " E@@Aetﬁtak%uﬁgﬁ’béq%\f\’/mg%%hz% oﬂllpc

const ants of 5,0 dctradingto thniventien owfhedinst eteh efop 6B, bl jashemsatmeeiod 2l ®w k, or

ELk diel ECt%&gﬁhﬁ’r}é%ﬁmm@s@‘jétﬁt&bﬂtﬁioe@.t ric layer 510, preferably

consisting o e nano-porous silicon oxide |ayer of the present invention
is deposited on4athiidbdtlr ger SE@ 2L sitisen ewife tsilisere nierep piliedonerypHEdce Phed

conducting | ip&snoePRyardeiatmditcsh @ﬁ&r(taﬁgkmb,?ye?érgbw&%ﬁ AlufleNPdpbdiRd 504-,
with a first (or substrate) etch stop 508 0 sil.icon oxid

, Silicon
“nitride, silPEBnsccepdifiecHicdaer Y t%?r@Pb‘FFéi&faﬁ‘ﬂ}’ﬁ?%éé?}%hoé‘dwg‘?‘f’ipé%ﬁab%ar bi de
(BLOKTM) , paedhestanbyd.sial sikon oride nivde 5170Rphg iat tdkdettestedsut 2006 Isi then oxi de,

(Lo setpntieRrri BB b Gt R AR R SRR B oy
510. A secondsein a chemical mechanical polishing (CMP) step. An anti-reflective coating (ARC) 519
and a trench photomask comprising a photoresist layer 521 are then respectfully deposited
over the silicon oxide layer 517. The photoresist layer 521 is then patterned by
conventiopal photolithography means known in the art. '

The silicon oxide layer 517 is then etched by conventional means known in the art,
preferably by an etch process using fluorocarbon chemistry, to expose the third etch 516 as
shown in Fig. 8B. The initial etch of the silicon oxide layer 517 establishes the opening
width, or french width, of the dual damascene structure 500. The opening width formed in
the silicon oxide layer 517 defines the horizontal interconnect of the dual damascene
structure 500 formed above the second etch stop 514. The remaining photoresist 521 1s
then ashed, or dry removed, for preparation of the via etch. .For formation of the contact
or via width of the dual damascene structure, a second anti-reflective coating 519 and 2
photoresist layer 521 are then respectfully deposited over the thin silicon oxide layer 517,
and then patterned by photolithography to expose the third etch layer 516 by the via width
as shown in Fig. 8C.
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dielectric layer 514, preferably consisting of the nano-porous silicon

oxi de layer of the present invention is deposited on the second etch stop
512, with a third etch stop 516 deposited on the second dielectric |ayer
514. The deposited layers are etched to form a via 52 ' 0, wBichUN 2004
subsequently filled with a conducting netal 524, preferably copper, over a
barriiier layer 522 conformally deposited within the via 520. The
structure is then pla.nz--rized and a capping | ayer 518 conpri sing
silicon nitride, silicon oxide, silicon oxynitride, or hydrogenated
silicon carbide, preferably conprising silicon nitride, is deposited

t hereon. The capping |l ayer 518 al so serves as the substrate etch stop and
corresponds to tmfddifesth ref g, sk G!ﬁrd5dﬂﬁ stopr516 wkiSREpae Alelettia layeiaiTasSaene

L Svel SECAOATH SonlSy 0000 o b G B Sl Ppitrla ) b

anor phous hyersige et echnd ididlenon lewr bide, thprseford atoh yogisli cgmg amsotpicle i s

deposited to % %gé%mg%% 8f aahoute '“?% 0 & gml%ug§tr Gierdfnect NGg substrate

502 22 2 4 ] rises patte conducting Tnterconnects or |ines
506 formed i rowectomtadic Wlé‘bélstam@hﬂﬁshtyrth‘t dligenowid¢ lyer 507 and\etehipg the Aigho- por ous

dielectric | ﬂhéf%Em@ﬂa?er'S% QQQ@ﬁhtte?cq s@f;@@mhﬁgmt\adm Em,hghemgﬁlg%eaamg he first
etch stop 508 irst dielectric¢ |ayer 510 has a cknéss of about

5, OCO0A to abefithe fordotdy stop %iép@ﬁwdrﬂgd%wﬂw&r 814z anddtpe f%@ldsecfc‘rhu%‘i&ﬁ & %0 be
f abri cat ed, Sm daafg 8E.PARY SHcRdesBt bmmﬂ%eda@%m%%d efEhetofJI rst

dielectric I a nneal al a tenperatur out 350C
to about 400 ?Pg%\‘/% Eicq?ygr r}f ?ffﬁoﬁ 02 20 PYYEPT FRP P Rj‘écf SHEB® A second
etch stop 51amcsmdﬁ|g &8 shawsi th&)ﬂchmgyd‘flﬂtel‘ﬁrﬁietchls&p dmaprsuecttmd ttersulishrate 5@12 el ectric
layer 510 to a c - gectric
layer 514 i §" %ﬁ‘ﬁsgﬁ? e%g@‘éess%é)?%‘g “@%6%%"?%&% gﬁ% 10, 000A,

preferably abht Thsp@,@md Imtddmds ﬁ@ﬁ profetably domprisstd enmdenting mstaf spcBtaset ch st op
508, and is thep afedlPladlscde stEREsE] 4l BenfredM by3RRfertihaRRit: 400C. A

third etch stop 516 of silicon oxide, silicon nitride, silicon oxynitride,
or am)rphou@?‘i’?ﬂﬂ&}é‘ﬁ@ﬁ%"&o§‘fq5‘?q€€ﬂﬁla(¥%¥rd51?°ﬁ’€°‘( BLOk' r), preferably silicon

nitride i s depositiROmet@izaibe seReene iekaadd Wih hetmruct%%ﬁauaa sicdhi skness of
about 500A to, about 1000A, gr ef e%%&% %ﬁepout 1000A, i con orx i de

layer 517 haiCHEPE: CHPEk Haglengf © CnsaRsEFRL | KeseRs g B s‘ffoéﬁe%oﬁp? he third
etch stop 5160 foﬁnslersxtﬁlldﬁﬁahuasluatohaﬁ]dweéstshwtr&ﬁkop@& (welrﬂWasl domparéditour e  use

ey S056. 023 ITRRNGNE Qi > efifhn M honid Sng. 48, ARkl 6 &qwﬁzwat i ng

such as tantalum nitride is first deposited conformally in the metallization pattern 520 to
prevent copper migration into the surrounding silicon and/or dielectric material.
Thereafter, a layer of copper 524 is deposited using either chemical vapor deposition,
" physical vapor deposition, electroplating, preferably by electroplating, to form the
conductive structure. Once the structure has been filled with copper or other metal, the
surface is planarized using chemical mechanical polishing and capped with a capping
layer 518, preferably comprising silicon nitride and having a thickness of about 10004, as. |
shown in Fig. 8. Prior to planarizing the surface, the metal may be annealed in a
hydrogen atmosphere to recrystallize the copper fill and to remove voids that may have
formed in the structure 500. While not showr, a copper seed layer may be deposited prior
to the copper layer 524 when the copper layer 524 is deposited by an electroplating
process. The dual damascene formation process may then be repeated to deposit further
interconnection levels, of which modem microprocessor integrated circuits have 5 or 6

interconnection levels.
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and a trench photomask conprising a photoresist |ayer 521 are then
respectfully deposited over the silicon oxide |ayer 517. The phot oresi st

| ayer 521 is then patterned by conventional photolithography @gaddNkomwn
in the art. The silicon oxide layer 517 is then etched by conventi onal
means known in the art, preferably by an etch process using fluorocarbon
chem stry, to expose the third etch 516 as shown in Fig. 8B. The -initial
etch of the silicon oxide |layer 517 establishes the opening wdth, or
trench width, of the dual danmascene structure 500. The opening wi dth forned
in the silicon oxide |layer 517 defines the horizontal interconnect of the
dual damascene structure 500 forned above the second etch stop 514. The
remai ni ng photoresist 521 is then ashed, or dry renoved, for preparation
of the via etcgh. Fgr formation of the contact or via width of the dual
damascene st S 2 second anti-reflective coating 519 and a

phot or esi st | ayerrpb2dlioasig ¢xdagples éspaaiatfadepysitide pOsi datclp@mearsiliche okilé n si |l i con
oxi de layer 517 and. t hen tterned b hot al.i t hogr aphy, to _expose t he
Chird eron 1 Bet st B WHeCaLAELREN: R R D IRH A Mk &eSHBORE | 1°) 104
Ref erri ng t ocleinjral 8ipor tdrmositibn ichhnget hind tiw pafit@aran CENEGHY “DLET egtani c | ayer
514, are tr he : t  QLER op 512. The via 520
is then forngﬁﬁgﬁgﬁﬁ%&mgggﬁ%ﬁgﬁgﬁéﬁg%%%h %ﬁg%%ctrlgﬁ%ayer 514 to the
second etch stop '512 using” anisotropic etching techniques to define the

metal | i zat i OBu@éd WGldpofnd Haing dil@n! @&rﬂiiﬁﬁﬂﬂﬁ@tTl?e?ﬁalleémbﬁchhﬁirﬁné at the
w dt h establ i she é thetéi i.con oxide layer 517; and etching the first

dielectric | 2

leal st etch stop 508 at the via width

est abl i shed duri ngpidegopiucHiidg oxidé bishe filnhisrdebositedfat 5 tipmbllessweodHNA
dielectric | ayer,514, and second etch stop 512 as own.in.Fig. 8E.
Any phot or esief\éiI a%cftelﬂ?&rf hr’irﬁtog'r?(?glﬁoﬁlsrga gf'e af)“’at“’?“e"ﬁ A" etvﬁ%oné%dc%ﬁgl %P & F op 512 or
t he second drettectiflowsayer 514 is renoved using an oxygen strip or other
suitable process. Fig. 8F shows the etching of the first etch stop 508
protecting the substrate 502, exposing the underlying patterned netal

| i nes 506 in the eemilalt2-fexiethesttbst r at BOsereri al  504. The patterned netal
l i nes 506,preferqﬁﬁ&mggﬁp@@§ﬁma conductigagsdgt al such as copper. The dual
damascene structure 500 is then precleaned by conventional nmeans known in
the- art prior to subsequent |ayer deposition. The netallization structure
i s then fornpdootehteBnCthd chitibéry Be fitiotd dxde iS tiedaciatsd indd itkowatg applifyer ,

tungsten or conbi n Eslz%%wto?ereof . Pr ese%el Vs t he trl%gﬁjed'ﬁﬁo%)l yse copper

that provi miCrowave energy. frate 1s pos

gas distribution showerhead and the reactive gases are introduced for 2 minutes. The
- substrate is then heated over a time period of 5 minutes, raising the temperature of the
substrate by 50°C/min to a temperature of 400°C to cure and anneal the nano-porous

silicon oxide based film.

' Mixf:ure of Silicon Containing Compound And Added Thermally Labile Imparting
Compound pothetical

A nano-porous silicon oxide based film is deposited at a chamber pressure of 1.0
Torr and temperature of 30°C from reactive gases which are vaporized and flown into the

_teactor as follows:
cyclo-1,3,5,7-tetrasilylene-2,6-dioxy-4,8 dimethylene, at 100 sccm

vinyl-2-furyl ether, at 50 sccm
Nitrous Oxide (MN;0), at _ 1000 scem
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to formthe smaller features due to the low resistivity of copper (1.7
mMcm conpared to 3.1 mMMcmfor alum num. Preferably, as shown in Fig.
8G a suitable barrier layer 522 such as tantalumnitride is first
deposited conformally in the netallization pattern 520 to pre®dntUNZBBer
mgration into the surrounding silicon and/or dielectric material.
Thereafter, a |ayer of copper 524 is deposited using either chem cal vapor
deposition, physical vapor deposition, electroplating, preferably by

el ectroplating, to formthe conductive structure. Once the structure has
been filled with copper or other nmetal, the surface is planarized using
chem cal nechani cal polishing and capped with a capping |ayer 518,
preferably conprising silicon nitride and having a thickness of about
1000A, as shown in Fig. 8H Prior to planarizing the surface, the netal
may be annealPagr forenisringnirel Flsgber. the mistonn exide 16 dissogiateq &t adnicrongve FRlicAPper fil |
and to remV%aVBﬂodﬁestiD@@Wrm)’md?&Mﬁre che@EyTE e éuBstial2Qs ﬁdsftﬂdﬂddlﬂf)@ nﬁmbm \Bi | e not
-shown, a copper seed % deposited prior to §¥% Iayer 524
when the coppgat ‘F‘EP‘@P“ ﬁw‘?ﬂ%ea éﬁc‘fg&e TEEUBY BT Bt LS '% 8ss. The
dual damascensbsfrae Iimﬂherolibaﬁd ace sstimmyeriot en 5 hentteperhe dhet ta'npkeqmrs iof theur t her
|nterconnect| n o of mhl h noder processor eqr a circuits
have 5 or i?tf‘?fr%t?%dnn C" PR evglm'flJLre g@bﬁj% @Pﬁ%& Y'Eg”go?ﬂl

foll ow ng exaﬂphssmd@mwdﬁﬁmate deposition of a nano-porous silicon oxide
based filmhaving dispersed mcroscopic gas voids. This exanple is

-under t aken u3|ng a chenlcal deoOS|t|on chanber and in partlcular a
CENTURA " DL |8ilicen 3 Yo ik 4 dng h p ; Imp G

Santa C ara, &qﬂdoﬁg{tpA@dA&Adlﬂgan@Q@MM aﬁpbﬂh - )Cont ai n| ng and
Thermal |y LabiTe | npart I nan

in nts (Hy thetlcaf1 0-p us
silicon oxide baséd#fy ?W‘gélhd@pn&‘ipet é{m’ f‘gﬂﬁ @’é@ﬁ?réssdrf ? & Torr

and tenper at urogr @f tedierafufOdn 0°€ &0 tn reRtigaSRS Wiliihah: \&pnﬁlzmﬁmﬂrﬂomdntamt fl own
into the reactor 11follows met hyl silyl-2-furyl ether, at 150 scan

ni trous oxi dé*CIEH) T A" 1000 seem Prior to entering the chamber, the

nitrous oxide is dissociated in a mcrowave applicator that provides 2000W

of mcrovave ener gy, g, Ss4hskfpte 1S positioned 6005 |1 fgpm the
cyclo-1,3,5,7-tetrasilylene-2,6-dioxy-4,8 dimethyiene, at 50 sccrm
Nitrous Oxide (N,0), at 1000 sccim.

Prior to entering the chamber, the nitrous oxide is dissociated in a microwave applicator
that provides 2000W of microwave energy. The substrate is positioned 600 mil from the
gas distribution showerhead and the reactive gases are infroduced for 2 minutes. ‘The
substrate is then heated over a time period of 5 minutes, raising the temperature of the
substrate by 50°C/min to a temperatire of 400°C to cure and anneal the nano-porous
silicon oxide based film. .

While the foregoing is directed to the preferred embodiment of the prescn.f
invention, other and further embodllr.nents of the invention may be devised without
departing from the basic scope thereof. The scope of the invention is determined by the

claims which follow.

26



gas distribution showerhead and the reactive gases are introduced for 2

m nutes. The substrate is then heated over a tine period of 5 m nutes,
raising the tenperature of the substrate by 500m.n to a ter‘rpqrgwl\@?of
400C to cure and anneal the nano-porous silicon oxide based film

of Silicon Containing Conpound And Added Thermally Labile Inparting
Compound (Hypothetical) A nano-porous silicon oxide based filmis
deposited-at a chanber pressure of 1.0 Torr and tenperature of 30C from
reactive gases which are vaporized and flown into the reactor as follows:
cyclo-1,3,5 7-tetrasilyl ene-2, 6-di oxy-4, 8 di nethyl ene, at 100 sccm
vinyl-2-furyl ether, at 50 seem N trous Oxide (N20), at 1000 seem 25 24
JUN 2M4 Pri orWHAT EhtlesliMiEP Bhe chanber, the nitrous oxide is dissociated in

a mcrovwave gppl 'gﬁk%dfotrBgigmmgoavlw%e%@Qéﬁéﬂtgm,%sﬂegﬁtI Oe“efgy The

substrate is positioned fromthe tri n shower head and
the reactive gaseaieduaing §8¢ BeEFomppungs ﬁ@ﬂmﬁlﬁlés at Ippsb one pijdiesbdet €ligog t hen

heated over auliiee REfhAENtOfndSat Mo ES nod-@iidh NGnthilliSe LENRELALMESnSft t he
substrate by 50C/ rain to a tenperature of 400C to cure and anneal the

nano- por ous  "&178 BEF=EKIARE SHABRHOAFGS S FIESH: Conpound Having Silicon
Cont ai ni ng and Theidiag thy ohabi ﬁn&'elcﬂﬂaﬁdfuhﬁsl’l'glm LOSRIRARNES 2 bmpetdet thitl | con

Cont ai ni ng Co C ano- porous silicon oxide based filmis
%P%s;{g%ﬁlé‘t’vggougsm ac %J%?nahﬁ er;

deposited at ssur rr and tenperature of OC from
reacti ve gases whinotuliag ¢hevapirmat dayennda fidnpanturnufididne to caaet de lalglef ol | ows:

nmet hyl sil yl - 2- 361086 0iq@t 100scem
cyclo-1, 3,5, -DEIE{%Q&JSS l=ltryl ene. 2, 6-di oxy-4, 8 di net hyl ene, at50sccm Nitrous

Oxi de (N20), at1000sccm Prior to entering the chanber, the nitrous oxide

is dissociated i nmig Mikd0ARMEn QWhér&ﬁBﬁor rﬁd?@EonHJo%ﬂs @@ﬁpr%(;’%m@gﬁo@ crowave
energy. The substrate is. positioned fromthe gas distribution

shower head af@HsHE ok dmeylHewd( %32? %llﬁprlfﬁﬁlé‘éﬁ““For 2 minutes. The

substrate is then heated over a tine period of 5 mnutes, raising the
temperature %f t h’Fhe method of claim 1, wherein the one or more compounds comprise multiply

unsaturated cycloallkene components.

4, The method of claim 3, wherein the multiply unsaturated cycloalkene components
are selected from the group consisting of dioxinyl (-(-CH=CH-0O-CH=CH-0-)-}, furanyl (-
(-CH=CH-CH=CH-0-)-), fulvenyl (-(-CH=CH-CH=CH-C(CHj)-)-), and fiuorinated

carbon derivative groups thereof.

3 The method of claim 1, wherein the one or more compounds are selected from the
group consisting of methylsilyl-1,4-dioxinyl ether, 2-methylsiloxanyl furan, 3-
rﬁp:thylsiloxanyl furan, 2,5-bis(methylsiloxy)-1,4-dioxin, 3,4-bis(methylsiloxanyl) furan,
2.3-bis(methylsiloxanyl} furan, 2,4-bis{methylsiloxanyl) furan, 2,5-bis(methylsi10xanyl)
furan, 1-methylsiloxanylfulvene, 2-methylsiloxanylfulvene, 6-methylsiloxanylfulvene,
bis(methylsiloxanyl)fulvene, dimethylsilyl-1,4-dioxinyl ether, 2-dimethylsiloxanyl furan,
3-dimethylsiloxanyl furan, 2,5-bis(dimethylsiloxy)-1,4-dioxin, 3,4-bis(dimethylsiloxanyl)
furan, 2,3-bis(dimethylsiloxanyl) furan, 2,4-bis(dimethylsiloxanyl) furan, 2,5-
bis(dimethylsiloxanyl) furan, 1-dimethylsiloxanylfulvene, 2-dimethylsiloxanylfulvene, 6-
dimethylsiloxanylfulvene, bis(dimethylsiloxanyDfulvene, fluorinated carbon derivatives

thereof, and combinations thereof.
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substrate by 500 mn to a tenperature of 400C to cure and anneal the

nano- porous silicon oxide based film Wile, the foregoing is directed to
the preferred enbodi nent of the present invention, other and further
enbodi nents of the invention may be devised without departing 2 fothM

basi ¢ scope thereof. The scope of the invention is determ ned by the
clainms which follow. 26 2 4 JUN 2004 WHAT IS CLAIMED IS: 1. A nethod for
depositing a low dielectric constant film conprising: introducing one or
nore conpounds conprising at | east one oxidizable silicon containing
conponent and at | east one non-silicon containing nolecular conponent
having thermally |liable groups into a processing chanber; reacting the one
or nore conpe.undsrh\adn&dmoamfemindi zﬁfmglxgtasoxaatomctremafommsrmhmpﬁseea ains the
| abil e groups in a copfornal anneal i ng the confor ayer at a
t enper at ur e E?i’rtgfrﬁﬁa@ﬁ[;{"?e&m@ ?m? J‘ﬂ%n% & PgPElDsBo® thrp(rarsr%lsf"e d voids. 2.
The net hod ofromltiad grodp conkietingiofi 24s6eriniaoany @dwdp@ﬁﬁdstemﬁpm6§é -digrgt hyl si | oxy
(CH3- Si H2 -G ﬂﬁﬂlgylsiloxy ((CH3)2 -SiH-O) conponents. 3. The net hod
of claiml1, érein the one or nore conmpounds conprise multiply

unsat urated cycl oal kene conponents. 4. The nethod of claim3, wherein the

mul tiply uns?turqth%%&%alo@@idﬁem%m@@%ﬁgémé}eeoﬁp%hﬁetf@;qu EQMprikhIe gr oup
consi sting of dioxinyl (-(-CH= -), fura

(- CH=CH: CH=CPpresiljcon copginipgnthermelly- la@iseepertﬁl&@m@l@ﬁ“?’ed) '5‘-‘%&? #1487 i nat ed

car bon der.i V@&ﬂsi\éﬁigjbpﬁﬁﬁl thE6ei eher, sl ﬁ&ﬁlfﬁmﬁr%ﬁilwmm wﬂyElﬁﬁrarn t he one

or more conpounds are sel ecte Si;St

net hyl sil yl - T‘eﬁ‘y]d%%t%% a? ﬁfy{%"teﬁ I E%J‘gggdﬁy? raeﬁm[1 %teﬁlﬁ’si | oxany

| furan, 2 Erﬁlirmflrmhdn,yﬁlsanl 0>4y)d103£m4-ﬂdommtetﬂ1 deiBvatlveyi therendt gl gairr!bmtéwl )

furan, 9% fethyIS|onanyI) furan, 2,4-bis(nethylsiloxanyl) furan,
bls(rne ﬁy S

2,5 - i loxanyl) furan, 1-nethylsiloxanylfulvene ,
2-met hyl si | oxanyl f ul vene, 6nmet hyl si | oxanyl f ul vene,

bi s(met hyl si lgoxanyl+e)1£éﬂ1&ﬁe&%1mm o WR&Y ksiohy br thord cgﬁl]?ﬁﬁh&kyﬁrﬂ%r &hprise a

2-di net hyl si I'oxany furan 3-di met hyl si | oxanyl ur i
2, 5- bi s( di mesigiss |°P1§§é9ﬂ)lg 1002{1Peﬁﬂéxﬁe}pcte@  Tzomj tag (g;o,qﬁtq?pqlgning Oggaﬁlﬁt'hylm ane,

dimethylsilane, disilanomethane, bis(methylsilano)methane, 2,4,6-trisilaoxane, 1,3,5-
trisilacyclohexane, cyelo-1,3,5,7-tetrasilano-2,6-dioxy-4,8-dimethylene, 1,3-dimethyl-
disiloxane, 1,1,3,3-tetramethyldisiloxane, 1,1,5,5-tetramethyltrisilaoxane, 1,1,3,5,5-

pentamethyltrisilaoxane, and fluorinated carbon derivatives thereof.

9. The method of claim 1, wherein the one or more compounds comprise a non-
thermally-labile-imparting chemical component selected from the group comsisting of
2,4, 6-trisilaoxane and dyclo—l,3,5,7-tetrasilylene—Z,G-d.ioxy%,S dimethylene, .and a
thermally-labile-imparting chemical component selected from the group consisting of
methylsilyl-1,4-dioxinyl ether and methylsiloxanyl furan.

10.  The method of claim 1, wherein the one or more compounds comprise:

an oxidizable silicon containing compound selected from a group consisting of
methylsilane, Vdimeﬂ‘tylsilane, disilanomethane, . bis(methylsilano)methane, 2,4,6-
trisilaoxarne, 1,3,5-trisilanacyclohexane,  cyclo-1,3,5,7-tetrasilano-2,6-dioxy-4,8-
dimethylene, 1,3-dimethyl-disiloxane, 1,1,3,3-tetramethyldisiloxane, 1,1,5,5-
tetramethyltrisilaoxane, 1,1,3,5,5-pentamethyltrisilaoxane, and fluorinated carbon

derivatives thereof; and
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furan, 2,3- is(dinethylsiloxauyl) furan, 2,4- bis(dinethylsiloxanyl)

furan, 2,5- bis(dinethylsiloxanyl) furan, 1- dinethylsiloxanylfulvene, 2-d
i met hyl si | oxanyl ful vene, 6- dinmethyl sil oxanyl ful vene, .

bi s(di nmet hyl si | oxanyl ) ful vene, fluorinated carbon derivatives-%ﬁéu@%ﬂp*and
conmbi nations thereof. 27 2 4 JUN 2004 6. The nethod of claim1, wherein the
one or nore conpounds further conprise a non-thermally-I|abile-inparting
conmpound having a non-planar ring structure selected fromthe group
consisting of 2,4,6-trisilaoxane and

cyclo-1,3,5, 7-tetrasilyl ene-2, 6-di oxy- 4,8 dinethylene. 7. The net hod of
claim1, wherein the one or nore conpounds further conprise a non silicon
containing t Per mad I:lcm.i‘-slilablja E@rt&iiﬁif@a{ohipﬁiﬁldﬂﬁﬁmg)ﬂl&fﬂlafﬁhﬁlﬂé @rduﬁﬁaerecttdmefrcgm oup-
consisting of vinyl-Il.4-dioxin .ether, vin ur .ether., . .

Vinyl -1, 4o i BiEPeP SPIFIE PP iaal eher L P SH y v o R Y y
acet ate, fur @rdelmety] furghtd, furyl fokedto rferyl shiefater Yuraldsdhinder difurgli Ketoné, difityl et her
furan, 1,4- _gdi oxi ri nat ] ] .he Lnati ons
thereof . &, The- SLPhsh e APE CF Rk KRk BRIk EYae fa SORRLERL
further conptliesef.a silicon containing conpound sel ected fromthe group
consisting of nethylsilane, dinethylsilane, disilanonethane,
bi s( et hyl si | ano) met hane, 2, 4,6-trisilaoxane, 1,3,5- trjsilacyclohexane,
cycl o- 1, 3, 5, it et Theapqtaadof staigt ki wieipingthe dispersed voigs ¢ f%eﬂedlfzwa?ﬂﬁ%% | -

di si |l oxane, &bkaale Sideed teidpepdtiny bAfikitha ¥amally rides do it temperature of between
tetranethyltr%si%ﬁpéan ,taoé 3,5,5- pentanethyltrisilaoxane, and
fluorinated @3 5 P04* s thereof. 9.. The nethod of claim 1, wherein
t he one or nore conmpounds conprise a non- thermally-1|abile-inparting

chem cal co nen I I . b Sting.af .

24 6 trisi | Aonansrangt £ Ao GAT hVERLALRERNTE bililly , o

di met hyl ene, and depositingranepfoynd) diping taverrppar ubsigtedlaang & atttepshpsitbliversel ect ed
fromt h_e gr O%m%?&b%ésséakeg gorﬁ)[frising@ﬁc}u Iord ﬁé&cﬁ?é—siﬁﬁoﬁ 'c&fﬂiﬂﬂé coﬁfpbﬁﬁs Aichn

met hyl si |l oxanyl furan. 10." The nethod of claim1l, wherein the one or nore
conpounds colfs¥izPe&2%n oxi di zabl e silicon containing conpound. sel ected
froma group consipgtdub@g @he ofMRbIRYdofinbiRAE cortliamE Ry Ieadt| aB Qxiddited kiRgwanet hane,
- bi s(met hyl si |l ano) et aneﬂ_214%6- trisilaoxane, 1,3,5-. . -~

trisi| anacycICBHERRREMREGE! Fid 2] least gneiop-gifiponcoptaink songpopnghaying thormally

di met hyl ene, lilb13gdiypsaith i prodéssing diwabee, 1, 1, 3, 3-t et r anet hyl di si | oxane,
1,1,5,5-

reacting the one 6r more compounds with an oxidizing gas at a temperature that
retaing the labile groups in a conformal layer; and

annealing the conformal layer at a temperature sufficient to convert the labile
groups to dispersed voids.

13.  The method of claim 12, wherein the one or more compounds are selected from a
g‘roup consisting of mmethylsilyl-1,4-dioxinyl ether, 2-methylsiloxanyl furan, 3-
methylsiloxanyl furan, 2,5-bis(methylsiloxy)-1,4-dioxin, 3,4-bis(methylsiloxanyl) furan,
2,3-bis(methylsiloxanyl) furan, 2,4-bis(methylsiloxanyl) furan, 2,5-bis(methylsiloxanyl)
foran, 1-methylsiloxanylfulvene, 2-methylsiloxanylfulvene, 6-methylsiloxanylfulvene,
bis(methylsiloxanyl)fulvene, dimethylsilyl-1,4-dioxinyl ether, 2-dimethylsiloxanyl furan,
. 3-dimethylsiloxanyl furan, 2,5-bis(dimethylsiloxy)-1,4-dioxin, 3,4-bis(dimethylsiloxanyl)
furan, 2,3-bis(dimethylsiloxanyl) furan, 2,4-bis(dimethylsiloxanyl) furan, 2,5-
bis(dimethylsiloxanyl) furan, 1-dimethylsiloxanylfulvene, 2-dimethylsiloxanylfulvene, 6-

dimethylsiloxanylfulvene, bis(dimethylsiloxanyl)fulvene, fluorinated carbon derivatives
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tetranmethyltrisilaoxane, 1,1,3,5,5-pentanmethyltrisilaoxane, and
fluorinated carbon derivatives thereof; and 28 .2 4 JUN 2004 a non-silicon
cont ai ni ng conpound having thermally |abile groups selected from_the group
consi sting of vinyl-I,4-dioxinyl ether, vinyl furyl ether, 2.4 JUN"2004
vinyl-1,4-dioxin, vinyl furan, nethyl furoate, furyl formate, furyl
acetate, fural dehyde, difuryl ketone, dif aryl ether, difurfuryl ether,
furan, 1,4- dioxin, fluorinated derivatives thereof, and conbi nations
thereof. 11. The nethod of claim1, wherein the dispersed voids are forned
by annealing the substrate using a tenperature profile that gradually
rises to a final tenperature of between about 350C to about 400C 12. A
nmet hod for dggosg&hgg B hgﬂét&ekectric constant film conprising:

deposi ting a“cont ormar Tining Tayer on a substrate having a patterned netal
| ayer from process gases conprising one or nore reactive silicon

contai ni ng_COIPOUAYS: AR oAlainM! FhalinGedRs or ik LAHNEHAGuAL.LLLIPE ©

COprOUI’]dS conprisin at_ _east_ one OoxXi eza e sili con. cont al ni ng corrponent
and at | east nmerm&-bblﬂermﬁﬂ%ﬁ?ranqﬁmga\@@rrpmq@manaﬁamnﬁm@%r wiEPtedy | iabl e

groups into gRRRCESH QbsiahamPel s-tifaGhhd1thdH8o RS Aeu PG L@maYNds W th
an oxi di zi ng gas af a tenperature that retains the labile groups in a
conformal ‘| af FFmﬂﬁﬁm&nnealing the confornal |ayer at a tenperature

sufficient to convert the labile groups to dispersed voids. ©13. The net hod
of claim 12, ergin th e_ar re conmpounds are selected froma group
consi sti ng oﬁgwrret—ﬁvlmseit'hfgf’?%lﬁ‘?l&i ‘g%f%ﬁ‘e g?%"éﬁ?"“ﬁ%&’f’ﬁ@ﬁ gﬁtn%rxcgﬁwsef ran, 3-
met hyl si | oxangtl-silicon agontaijrg- Hiesdaiie{dhild-sipatiy ) cofopdundi @iected from a group
3,4-bis(nmeth i ] )y (F AU A ] t si:]l exar f

2. 4 bi o mot hyTEEF A 148y sge AP RER, (L Pt A, plih? e,

1- met hyl si | oxeiyl fudaiee iyl Dowats, Byryisicketeafyaldehydpe Aiduryl ketone, difuryl ether,

6-met hyl si | oyanylh Wik Niran, DlasS (ERLN ML SGHnkOX ABWalifdd! HERE, and combinations
di met hyl si | yI-1,74-di oxi nyl ether, 2-dimethylsiloxanyl furan,

3-di net hyl si I&tﬁ%aﬁyl furan, 2,5-bis(dinethylsiloxy)-1,4-dioxin,
3, 4- bi s(di met hyl sil oxanyl) furan, 2,3-bis(dinethylsiloxanyl) furan,

FEECL RS RN R AL Ry
silicon containing compound selected from a group consisting of methylsilane,
dimethylsilane, disilanomethane, bis(methylsilano)methane, 2,4,6-trisilaoxane,, 1,3,5-
trisilaecyclohexane, cyclo-1,3,5,7-tetrasilano-2,6-dioxy-4,8-dimethylene, 1,3-dimethyl-
disiloxane, 1,1,3,3-tetramethyldisiloxane, 1,1,5,5-tettamethyltrdsilaoxane, 1,1,3,5,5-

pentamethyltrisilaoxane, and fluorinated carbon derivatives thereof.

17.  The method of claim 12, wherein the one or more compounds comprise a non-
thermally-labile-imparting chemical component selected from the group consisting of
2;4,6-trisilaoxa.ne and cyclo-1,3,5,7-tetrasilylene-2,6-dioxy-4,8 dimethylene, and a
thermally-labile-imparting -.chemical componeﬁt selected from the group consisting of -
methylsilyl-1,4-dioxinyl ether and methylsiloxanyl furan.

18.  The method of claim 12, wherein the one or more compounds comprise:

an oxidizable silicon containing compound selected from a group consisting of
methylsilane, dimethylsilane, disilanomethane, bis(methylsilano)methane, 2,4,6-
tnisilaoxane, 1,3,5-trisilaecyclohexane, cyclo-1,3,5,7-tetrasilano-2,6-dioxy-4,8-

dimethylene, 1,3-dimethyl-disiloxane, 1,1,3,3-tetramethyldisiloxane, 1,1,5,5-
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di met hyl si | oxanyl ful vene, bi s(di nethyl sil oxanyl)ful vene, fluorinated carbon
derivatives 29 24 JUN 2W t hereof, and conbinations thereof. 14. The net hod
of claim12, wherein the one or nore conpounds further conprise a

non-t her mal I y-1abil e-inparting conpound having a non-pl anar ring2sg JUR tage
selected fromthe group consisting of 2,4,6- trisilaoxane and
cyclo-1,3,5,7-tetrasilyl ene-2, 6-di oxy- 4,8 dinethylene. 15. The nethod of
claim 12, wherein the one- or nore conpounds further conprises a
non-silicon containing thermally-1|abile-inparting conpound selected froma
group consisting of vinyl-1,4-dioxinyl ether, vinyl furyl ether,
vinyl-1,4-dioxin, vinyl furan, nethyl furoate, fury! formate, fury
acetate, fural dehyde, d ifiuyl ketone, difuryl ether, difurfuyl ether,
furan, 1,4- dioxin, fluorinated derivatives thereof, and conbi nations
thereof. 16. The nethod of claim 12, wherein the one or nore conpounds
further conprise "a silicon containing conpound selected froma group
consi sting of nethylsilane, dinethylsilane, disilanomethane,

bi s(met hyl si | asedm@thpanRaodand, £,119,5 SLAARXARyItrisHadxane, Md MidrmeEiGapaxane

cyclo-1,3,5, 7, dloxy 4,8 - dinethylene, 1,3-dinethyl-
d|S|onane d%ﬁ%&gétéﬁggﬁiPwild|S|onane

1,1,5,5-tetranet hy?f‘PP@i'!cabﬁ%}Hé‘"'@ cempang hayingttherarey labilp greupsegfsted  and
fluorinated cdrdoonthderdruad | vesistingr @of vinyi?1,4-thminyet &aer, okingl afuiyl12thenher ei n

the one or rmwywm@mms qu'rérﬁ hdiag- fL.fa%Em'rdryu f@llﬂ"[exlt(.e ERAT bdetfle,

chem cal conp E&h ﬁleﬁt kromt ?rou consi st

2,4,6-trisil a 49 b ketoges difuryl; plher, 91f‘érﬁgy'2°%‘eﬁl g4 1 gh-dioxin,

di met hyl ene, éh’@r'aateﬁwerlrmlvleyiﬁeamﬂ end gp@btniatigns hewi.cal conponent sel ected
fromthe group consisting of nethylsilyl 1, 4- dioxinyl et her and

met hyl si | Oxanyll f ﬁ"ﬁéﬁetrﬁoﬁ E‘Il’l ﬁtﬁftﬂepgorﬁ%r?silrgqq &»e step oq deEBOSI gea %P[Zp Gy nore

corrpounds COTTBI’I se. an OXI
froma group 6¥P§|°§t"ﬁ‘?ﬁj“"’dﬁ‘d’e'ﬁ'é‘f‘ﬁ9l%-l‘P%ﬁ%PPlﬂii I«?éﬁw?fgrwaﬁée'ewgFﬂoawosfé%ane
bi s( et hyl si | aeojisBodahs]icdh MifrBle, bilicen baidxasitconloxInhridd, ihgdilcgesyet shiexane,

cyclo-1,3,5,7 dapdif@sideiinmindiiofs Q¥reds 8- di met hyl ene,
1, 3-di met hyl -di sil oxane, 1,1, 3,3-tetranethyldisiloxane, 1,1,5,5 30 24 JUN
2004

20. The method of claim 12, wherein the dispersed voids are formed by

annealing the substrate using a temperature profile that gradually rises to a final
temperature of between about 350°C and about 400°C.

21, A method of forming a dual damascene structure, comprising:

depositing a first etch stop on a substrate;

depositing a first silicon oxide based layer on the first etch stop, the first
silicon oxide based layer formed by a method comprising:

introducing one or more compounds comprising at least one oxidizable
silicon containing component and at least one non-silicon containing molecular
component having thermally labile groups into a processing chamber;

reacting the one or more compounds with an oxidizing gas al a temperaiure
that retains the labile groups in a conformal layer; and

annealing the conformal layer at a temperature sufficient to converl the
labile groups to dispersed voids;

depositing a second etch stop on the first silicon oxide based layer;

depositing a second silicon oxide based layer on the second etch stop, the
second silicon oxide based layer formed by a method comprising:

introducing one or more compounds comprising at least one oxidizable
silicon containing component and at least one non-silicon containing molecular
component having thermally labile groups into a processing chamber;
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tetramethyltrisilaoxane, 1,1,3,5,5-pentanethyltrisilaoxane , and
fluorinated carbon derivatives thereof; and a non-silicon containing
conmpound having thermally labile groups selected fromthe grogf cqﬁfisting
of vinyl-I,4-dioxinyl ether, vinyl furyl ether, vinyl-Il,4-dio b ﬂp’
furan, nmethyl furoate, furyl formate, furyl acetate, furaldehyde, difuryl
ket one, difuryl ether, difurfuryl ether, furan, 1,4-dioxin, fluorinated
derivatives thereof, and conbinations thereof. 19. The nethod of claim 12,
further conprising the step of depositing a capping |ayer on the |ow k
dielectric film the capping layer material is selected froma group
consisting of silicon nitride, silicon oxide, silicon oxynitride,
hydrogenated silicon carbide, and conbi nations thereof. 20. The method of
claim12, wherein the dispersed voids are forned by annealing the
substrate using a tenperature profile that gradually rises to a final

t enperature of between about 350C and about 400C. 21. A nethod of formng a
dual damascene structure, conprising: depositing a first etch stop on a
substrate; deposit iregetingf the She 8i hb%lﬁﬁﬁtﬂ@s Ramad dxﬁﬂﬁﬁg &4% 4thetehipesdiurgt Ch

stop, the fir Sihat?étlaln%qne ‘ngllg% Jj@%qrga orma Pl mdeaé{é’t a met hod conpri si ng:

i ntroducing one or nore |S|n eﬁyﬁ one oxi di zabl e
silicon containing ’t’kﬁ‘ﬁﬁ'b‘f?eﬂ‘te SHderaral I'%tatoﬁéefnﬁﬁfaglﬁ selfaicabin apmierigthe
nol ecul ar  conjabilergrodravtonijspelsexivaldsy | abi | e groups into a processing

chanber; reacting td’é%oQi‘ﬁﬁgerhﬂ@ﬁﬁ;h%Q&B)QH%sé@ohg' sfiido &lgé Fb{lagl IQ?&- at a
tenperature t hat elain E 4 ng In con

anneal i ng the conforﬁ%f‘gﬁw d gﬁc ét%pe??%’é Pﬁ?°é'ds°’dfcf’f'8]"8?\?aieé‘ 'EW\’%F?f'“Fhe

| abi | e groups BoeHicpinaisanast degnintspositing a second etch stop on the
first silicon oxi detbiiagthd styefid etcHeRPS tHd Mgt ANiERARNL bakbd GQBr, AKd dR hased
l'ayer on the Sg&‘ﬂrgpﬁttﬁrjauﬁlﬁ A vérﬁt.eal Iﬁt%?gom(;egl! clul)ecn?n% t%xflugﬁer %ﬁ'l% tkf%}(:%rrt Llor red

by a net hod coqﬁr|5|q9 I ht roduci ng one
| east one oxi dI'VHGPRNE; fhepshy BéB?Ft'%ﬁ m%ﬂ‘t{f’@fﬁfﬁaﬁéﬂtﬂ% the “I"é‘hstc"éﬁ‘ép a"d
non-si | i con coMtea$eriond sitisloeeuidabasedfifno edéfideoy horzonbe im@icbyndcabi | € gr oups
into a processing chanber; 31
22.  The method of ctaim 21, wherein the first and the second silicon oxide based
layers comprise dispersed microscopic voids formed by annealing the substrate

using a temperature profile that gradually rises to a final temperature of between
about 350°C and about 400°C. '

23. The method of claim 21, wherein the horizontal interconnect opening is
defined by deposiling a patterned oxide layer on the third etch stop prior to etching
the third etch stop and the second siiicon oxide based layer.

24. The method of claim 23, wherein the vertical interconnect opening is defined
by depositing a patterned hard mask film on the patterned oxide layer prior fo
etching the third etch stop and second silicon oxide based layer.

25.  The method of claim 21, further comprising depositing a conformal barrier
layer film in the defined interconnect.

26. The method of claim 25, further comprising depositing a copper layer on
the conformal barrier layer.

27. The method of claim 26, further comprising depositing a capping !ayer on
the copper layer.
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2 4 JUN 2004 reacting the one or nore conpounds with an oxidizing gas at a
tenperature that retains the labile groups in a conformal |ayer; and
anneal ing the confornal |ayer at a tenperature sufficient to coMveyyNtim

| abi | e groups to di spersed voids; depositing a third etch stop on the
second silicon oxide based layer; etching the third etch stop and the
second silicon oxide based |ayer to define a vertical interconnect

openi ng; etching the second etch stop, the first silicon oxide based | ayer,
and the first etch stop through the vertical |Interconnect opening to
further define the vertical interconnect, thereby exposing the substrate,
and etching the third etch stop and the second silicon oxide based filmto
define a horizontal interconnect. 22. The method of claim 21, wherein the
first and the second silicon oxide based |ayers conprise dispersed

m croscopi ¢ voids formed by annealing the substrate using a tenperature
profile that gradually rises to a final tenperature of between about 350C
and about 400C. 23. The nethod of claim 21, wherein the horizontal

i nt erconnect opgnian f : dey rned oxide | ayer on
the third etchﬁgtgpgg$?%#q?8‘gggﬂﬁ%a E@EQ*@$ égégﬁﬁ&ngp and the second
silicon oxide based | ayer. 24. The nethod of claim23, wherein the vertical
i nter connect openi ng reactibgf 2mecdyanbsilickepesmpbngd angradib@nhedtdaree nask film
on the patterned oxide |ayer prior to etching the third etch stop and
second silicon oxide based Ia@ed 25 _ The nethod of claim 21, further
conprising depositing a confeCms®i-barrier layer filmin the defined

i nterconnect. 26. The nethod df |claim 25, further conprising depositing a
copper layer on the confornmal' barrier layer. 27. The nethod of claim 26,

f h d |
U Dot 4CoaP", 3hath ARROSHLAToRGGERPI Al RN 5 HRubiC ufORREId Bybbante 24

ng a
reacting an or@%‘ﬁﬁg‘f'ﬂ BH"QGnY)V(‘}U?\d”'IgnEF%cH% W?e”'aéft%"u“@cfﬁ?réd"“b'e bonds per

cycll ring at conditions sufficient to substantially retain the cyclic ring in an
intermediate dielectric layer; and

substantially converting the cyclic ring in the intermediate dielectric
fayer fo a dispersed void.

29. The method of claim 28, wherein the organosilicon compound is
selected from the group consisting of methylsilane, dimethylsilane,
disilanomethane, bis{methylsilano)methane, 2,4,6-trisilaoxane,
cyclo-1,3,5,7-tetrasilano-2,6-dioxy-4,8-dimethylene, 1,3,5-trisilacyclohexane,
1.3-dimethyldisiloxane, 1,1,3,3-tetramethyldisiloxane,
1,1,5,5-tetramethyltrisiloxane, and 1,1,3,5,5-pentamethyltrisiloxans.

30. The method of claim 28, wherein the non-silicon compound comprising a
cyclic ring further comprises an aliphatic group attached to the cyciic ring.

31. A method for depositing a dielectric layer, comprising:

reacting a silicon compound comprising one or more silicon-carbon
bonds and a non-silicon compound comprising a cyclic ring having two
carbon-carbon double bonds and an aliphatic group attached to the cycli ring
with an oxidizing gas at conditions sufficient to substantiaily retain the cyclic

ring in a dielectric layer; and substantially converting the cyclic ring to a
dispersed void.
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| I -C _Si ---H 11 and a non-silicon conpound conprising a nultiply

unsat urated cycl oal kene conpound having a cyclic ring and only two

car bon-carbon doubl e bonds per <cycli ring at conditions sufficbfﬁtdqé;
substantially retain the cyclic ring in an intermedi ate diel ectfi‘c 9@?;
and substantially converting the cyclic ring in the internediate dielectric
| ayer to a dispersed void. 29. The nethod of claim 28, wherein the
organosilicon conpound is selected fromthe group consisting of

met hyl si |l ane, dinmethylsilane, disilanonmethane, bis(nethylsilano)nethane,
2,4,6-trisilaoxane, cyclo-1,3,5,7-tetrasilano-2, 6-di oxy-4, 8-di m et hyl ene,
1,3,5-trisilacycl ohexane, 1,3- dinethyldisiloxane, 1,1, 3, 3-
tetramet hyl di sil oxane, 1,1,5,5- tetranmethyltrisiloxane, and 1,1,3,5,5
pent anet hyltri sil oxane. 30. The nethod of claim 28, wherein the non-silicon
conmpound conprising a cyclic ring further conprises an aliphatic group
attached to the cyclic ring. 31. A nethod for depositing a dielectric

| ayer, conprising: reacting a silicon conpound conprising one or nore
silicon-carbon bonds and a non-silicon conmpound conmprising a cyclic ring
having two carbon-carbon doubl e bonds and an aliphatic group attached to
the cycli ring wth an oxidizing gas at conditions sufficient to
substantial |y P&t & metlied efyelpine31,r whgreim the sliednecempasind dy egelectesd from the
sub?]t gnt :c al : y @eduper t cogsidthg Cye i f_nfeitﬂ'},gsita@ae?- FthSRAEEAR, VAiigllandReddne, A
met hod of cl ai Si ). un S ted..from.tk
group consi sti nmgg%(};gth%? Eﬁ)gﬁef%ﬁgj zd‘%ﬁg{?ﬂ%ﬁg? 'ﬁ%n(gy,c‘od? éﬁ?ﬁ%ﬁ%{’%’g’ng? Jﬂ&y

bi s( et hyl si | anGPHEPAEKERe: 2, 4, 6- t P Srirgdagyslehexane, 1,3-dimethyldisiloxane,
cycl o-1, 3, 5, 7- tlet. 3 3stietrameth@ldGsildkaney 1,1.8.58ettanethlyitlisineand,, 3ndb-

trisilacycl ohexans,s,slpsntaflbifithMiodhsd.| oxane,

1,1,3,3-tetranethyl disil oxane, 1,1,5,5- tetranethyltrisiloxane, and
1,1,3,5 5-pentanethyl trisil oxane. 34
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