: e3exu\ | DGRTYm A METHOD FOR FORM NG A CARBON DOPED OXI DE LOW K | NSULATI NG

LAYER FI ELD OF THE | NVENTI ON Thi s invention generally rel ates
se conduct j ce manufacturing nethods and nore parti cul aﬂﬂl@%ﬂlﬂ%”ﬂ&s
for forningBMMEam%Eumﬂw&ed oxi de |OMFH insul ating | ayer. BACK
| NVENTI ON | or fabrication, various |layers of insulati"{*
material, sem cO¥eOXti ng material and conducting material are forned to
produce a multi-level sem conductor device. One of the Iimting factors in
the continuing evolution toward small er device size and hi gher density has
been signal del ay causedimpgmrech trerefiNed scxoipoNnsndm ng materials in
which netal interconnects are forned to interconnect devices. It has becone
necessary to reduce capacbk@@geL@ﬁ_khgNgeighghbngAkg ers to allow the
insul ating | ayer thicknesses to shrink along wth other device features
such as netal interconnect line width. As a result, the need for |ower
dielectric constant materials has resulted in the 2 devel opnent of
several different types of organic ang inorganic lowk materials. During
the formati on of seniconductggE&vage HﬁtINgENFFQH required that the
conductive |ayers be interconnected through holes in an insulating |ayer.
Such holes are comonly referred to as contact hol es when the hol e extends
through an insulating layer to an active device area, or vias, when the
This invention generally relates to semiconductor device

manufacturing methods and more particularly to methods for

forming a carbon doped oxide low-k insulating layer.

BACKGROUND OF THE INVENTION

In semiconductor fabrication, various layers of
insulating material, semiconducting material and conducting
material are formed to produce a multi-level semiconductor
device. One of the limiting factors in the continuing
evolution toward smaller device size and higher density has
been signal delay caused by parasitic effects of insulating
materials in which metal interconnects are formed to
interconnect devices. It has become necessary to reduce
capacitance of the insulating layers to allow the insulating
layer thicknesses to shrink along with other device features
such as metal interconnect line width. As a result, the need

for lower dielectric constant materials has resulted in the



hol e extends through an insulating | ayer between two conductive | ayers.
Manuf acturing processes such as, for exanple, danascene processes, have
been inplenmented to formnetallization vias and interconnect lines (trench
| i nes) by dispensing entirely with thifnetal et ching process. The damascene
process is a well known sem conductor “fabrication nmethod for formng
multiple layers of netallization vias and interconnect |ines. For exanple,
in the dual damascene process, a_trench opening and via opening .is etched
in one ofeHBLOPMMAIE atGhyg Tayersdlal 46 trdiias BPEAt ePfnePapadic and
inter-level dielectric (IMYILD) |ayers. The insulating | ayers are

typi cal | yndvgarticovev-k sabsriate-incl udi ng anot her conductive area over
which the vias and trench lines are fornmed to provide el ectrical 3
conmuni cation. After a series of photolithographic steps defining via

openi ngs and trench openings, via and the trench openings are filled with a

netal , preferpllyn§OpREr rokRat@bM YiragealdchuRREb rl RS clseSREGH \WHen The
excess netal above the trench line level is then renoved by well known

chem cal . gechaRlCahaR! 23 i Zatd A% RO g)(héflg)bé%)cemc%%%%%%d %r&u h o

i ndi cat ed, "advances in sem conduct or devl ce processing technol ogy

the incregasing use of l.owk, (1l ow diglectric nst ant), i nsulating materials
in, for gggﬁﬁle}niﬁ?érﬁ%ﬁ%ﬂé%f%?ec ?Y%r(lNC&RV§§eE§hfﬁ%ta%ﬁkecugqﬂﬁi%nnk
of a multi-level device. In ord reduce signal del ays caused

r to I b
par asi t i ESEFFEEHs LPePSt é:t?”ttt?ctthg‘cgaﬁp%c“i’l’f%rthh%f NPhEUFELRRGS| %@é{gﬂ Gn
exanple, IMD layers, incorporation of lowk materials with dielectric
const ant snpesatingn lalyeut t3» 2n eghhdveg@eNdsehesmme seandand, praen ddreas
sem conductor feature sizes have
hole extends through an insulating layer between two

conductive layers.

Manufacturing processes such as, for example, damascene
processes, have been implemented to form metallization vias
and interconnect lines (trench lines) by dispensing entirely
with the metal etching process. The damascene process 1s a
well known semiconductor fabrication method for forming
multiple layers of metallization vias and interconnect lines.
For example, in the dual damascene process, a trench opening
and via opening is etched in one or more insulating layers
also known as an inter-metal or inter-level dielectric
(IMD/ILD) layers. The insulating layers are typically formed
over a substrate including another conductive area over which

the vias and trench lines are formed to provide electrical



dimnished to 0.13 mcrons. As feature sizes decrease below 0.13 m crons,
materials with dielectric constants | ess than about 2.5 will be required.
Many of the lowk materials are designed with a high degree of porosity to
al l ow the achi evenent of |ower dielectyric constants. Several different
organic and inorganic |lowk material s have been devel oped and proposed for
use in sem conductor devices as insulating 4 material having dielectric
constants | ess than about 3.0 for achieving devjce integration in, for
exanpl e, SOMFINAFLELIRT nt efddififecti PRI 1AR enBParP oo TAR T aPteRst i s
increasingly being proposed for 0.13 micron technol ogy and bel ow, for
exanpl e, d¢EigarBolldopeenaxiose C Baaioh PN kBN Bs20RHEANEhS IHrERE
glass (0OSG formed by a CVD process including where the dielectric constant
may be vepéringserra rfarndedependi agmetatlhe gredftanraols aodperocéess form
conditions. C oxide, for exanple, may be fornmed with dielectric constants
over a renge ahdakewinch OLimespodesgeltandigensitie 0éxabost mbtd 10/a0Hre
conpared to dielectric constants of about 4.1 and a density of about 2.3

g/ cnB fornsi LEeARndh9xkdas 8- G s _%r@op&wg@%geﬁalm W wke c@{)&?ﬁ@a@ldﬂ the

devel opment of porous lowk materials has presen several problens in

”a”“faCtHé%Ran@éf?@faﬁQ?&fgyfé bg%§¥§£§ﬁﬁ8br@@$?8i%gg%géggé?”s present ed

by carbon dopéd oxide are Tow Str 0 cracking or
peeling in subsequent stress-inducing manufacturing processes including,
for exanple, chem cal nechanical planarization (CW). However, as the
dielectric constant decreases, there is a concom tant decrease in hardness.
Lower har dnes®sfin@gscptedentd¥anress inneegigongnctor device processing

technology demands the increasing use of low-k (low dielectric
constant) insulating materials in, for example, inter-metal
dielectric (IMD) layers that make up the bulk of a multi-level
device. In order to reduce signal delays caused by parasitic
effects related to the capacitance of insulating layers, for
example, IMD layers, incorporation of low-k materials with
dielectric constants less than about 3.0 technology has become
standard practice as semiconductor feature sizes have
diminished to 0.13 microns. As feature sizes decrease below
0.13 microns, materials with dielectric constants less than
about 2.5 will be required. Many of the low-k materials are
designed with a high degree of porosity to allow the
achievement of lower dielectric constants. Several different
organic and inorganic low-k materials have been developed and

proposed for use in semiconductor devices as insulating



5 chal l enges as result of |ower adhesion to other filnms and CWP
inconpatibility. Above a critical |ayer thickness of the carbon doped

oxj de, depending on the hardness of the carbon doped oxide and the induced
stresses, the carbon doped oxi de becones susceptible to cracking causing
catastrophic failure of the insulating |layer. Approaches to protect the

| ow-k insulating material |ayers, have included the practice to add a
capping | ayer over the insulating |ayer including for exanple, silicon
nitride N&tegial ShRying i Ggdfi t ¢Paetartsgless aarbralppt cénOcdiBi de
(SIC). Wile capping |ayers have had sone success, the addition of the
cappi ng dclyeesivontdd¢buces lurideriabbdy tie,t hEosvegxamptapad tlahceigfrorhe
mul ti-level device. In addition, the capping |layers have not been fully

ef fecti ventarpoeverit ingner ack Ami tdxadmmha apd powpiganaoe rtilrloughadar hen
dope oxide layers due to its relatively high brittleness. O her approaches

to decrepsertfeiaHAGKI L SIS peRidddidd t ¥opf ot.hes caibeBndanechwxi dgy! aver s
has been hybrid miultiple layered insulating | ayers conposed of, for

exanpl e,, 2 {,er nap | ”Qfgx;?/r%fé,s ?E ?QEBBH QBP%Q %ii%_ %018&%151 b ‘éﬂ% ?Jg%*&gnr

di el ectric constant rs o or exanp uorine dop oXI|

FSG) . 6 It wuld therefore be. advan us.to devel op a hod _f or
{ormi ng 38 cRTIM Aopt T GOFR | Hsar it 1 KT by cro TREG Y § il & FayRFoess
senm conduct or devi ce that has quroved har dness and cracking,resistance
whi | e mﬂ?ﬁ%?ﬁ?%% UPeFﬁmﬁqQKF%F ectric constant may be varied over a

range depending on the precursors and process conditions. C-
oxide, for example, may be formed with dielectric constants
over a range of about 2.0 to about 3.0 and density of about
1.3 g/cm® compared to dielectric constants of about 4.1 and a
density of about 2.3 g/cm’® for silicon dioxides (e.g., un-

doped TEOS).

As might be expected, the development of porous low-k
materials has presented several problems in manufacturing
methods that must be overcome. Among the problems presented
by carbon doped oxide are low strength and proclivity to
cracking or peeling 1in subsequent stress-inducing
manufacturing processes including, for example, chemical
mechanical planarization (CMP). However, as the dielectric
constant decreases, there 1is a concomitant decrease 1in

hardness. Lower hardness films present serious integration



dielectric constant. It is therefore an object of the invention to present
a nethod for formng a carbon doped lowk insulating layer in a nultiple

| ayer sem conductor device that has inproved hardness and cracking

resi stance while maintaining or |owericng a dielectric constant while
overcom ng ot her deficiencies and shortcom ngs of the prior art. SUMVARY
OF THE I NVENTI ON To achi eve the foregoing and other objects, and in

accordance with the purposes of the present jnvention, as enbodi ed and
broadl y e3t}$REES haFeirRSUike Ofr JMAT |3ARSIIYN bP 09FDEE A1ABEhEAY MR ng a
dielectric insulating layer with a reduced dielectric constant and

i ncr easetnpanBAsdd Iflgrt Ben Boadactadr cddriicd Innhatvaet ukhhgkneasa ¢§r ghe
enbodi ment, the nethod includes providing a sem conductor wafer having a
process sarbacedbpred arxde, addpehddhni eon nshiét hagdnaper dhetbhoverrbon
depositing according to a CVD process a carbon doped oxide |ayer the CVD

process daséddbRradan aiddait: Sihahge Al eeukbseeshauiny Shrfofr a4psdankide RY
groups, where Ris an al kyl or cyclo-al kyl group and y the nunber of R

groups QQ@Q@HeEOs§5be%qu1%599§iEQaEQEnEaQQRﬂﬁqgﬁaga X5€EoLAYEN A 1%ire

hydrogen plasnma treatiment for a period oOf tine thhereby reducing the carbon

d d ' I hcke i di ' b d id
i Bl octriE CORLE WAL AL Hor EACTh | PREYBENCAoney BYCAB Ly e naPdidse,

Th n r i men s.and features of the
€se a Pngaygtiggbggtggigi’l%%%%%E have inclué%d the practice to add

a capping layer over the insulating layer including for
example, silicon nitride (e.g., SiN), silicon oxynitride
(e.g., SiON) or silicon carbide (SiC). While capping layers
have had some success, the addition of the capping layers
contributes undesirably to the overall capacitance of the
multi-level device. In addition, the capping layers have not
been fully effective in preventing crack initiation and
propagation through carbon dope oxide layers due to 1its
relatively high brittleness. Other approaches to decrease the
cracking susceptibility of the carbon doped oxide layers has
been hybrid multiple layered insulating layers composed of,
for example, alternating layers of carbon doped oxide and
relatively higher dielectric constant layers of, for example,

fluorine doped oxide (e.g., FSG).



8 invention will be better understood froma detail ed description of the
preferred enbodi nents of the invention which are further described belowin
conjunction with the acconpanying Figures. BRI EF DESCRI PTI ON OF THE

DRAW NGS Figure 1 is a graph representd ng thickness reduction and

di el ectric constant changes for a carbon doped oxide dielectric insulating
| ayer according to an enbodi nent of the present invention. Figures 2A-2F
are cross sectional _side view representations of an exenplary enbodi nent of
the present ihbveWOMdH atNeF$FLFenPestash R e g MamufactdRTSHEPHr 8c8EES f or m
an insulating layer in a nultiple | ayer sem conductor device according to
an embodfaentf@fming iavamien Fered 3aw-la provebstingw Hémgramn a

i ncl udi ng several enbodi ments of the present invention. DETAI LED

DESCRI PTi@N: OF L & HE2 PREFERREECENBEDD WVENES 1 Akt hbagh hialse ijpesertd ihauwsitdsen i S
expl ai ned by reference to a dual danmascene process it will be appreciated
that theand9 #eibBREnaccpEdl BE ath@d hehanesenk inteetieg for HuaMth@ low kK
dielectric insulating material is not limted to a damascene process or the
particul . eLhpd-fornfpLHE ng a dual danascene, for exanple, a via first
process. Rather, the present invention applies to any sem conductor feature
manuf act uri ng process where a lowk (< 3.0) carbon doped oxide may be
advant ageously treated according to an enbodi nent of the present invention
to reduce a dielectric constant and,increase a hardness and consequently,
crack propaga Foﬁsréggﬁslﬂﬁ?iqpsa%%%ﬁﬁeﬁ? §FF@§§Y?RE&?%gtﬂaﬁﬁﬁégpﬁrth

processes. Further, although in makin exen?lar reference to a damascene
process method for forming a carbon doped low-k insulating layer in a

multiple layer semiconductor device that has improved hardness
and cracking resistance while maintaining or lowering a

dielectric constant while overcoming other deficiencies and

shortcomings of the prior art.



by referring only to a single layer process it will be appreciated that the
single | ayer process may be repeated in multiple I evels and | ayer for
formng a nulti-Ilevel sem conductor device. Mreover, although the

exenpl ary enbodi nent is explained by reference to a copper filled dual
damascene structure, it wll be appreciated that other nmetals, including
for exanple, copper alloys, alumnum and tungsten netals may

advant ageously be used as the danmascene netal filling. In a first

enbodi ment of the present invention, a dielectric insulating |ayer,
preferably of carbon doped oxide 10 or organo silicate glass is fornmed on
a substrate for produci ng aRUMMBRECOF|I EHENSNVANITAGN]I ayer in a nulti-Ievel
sem conductor device. Following formation of the dielectric insulating

| ayer the di elTectaditiensul@ie nfdreygering sarj ecitgtet 0 cb jyyct ®gerampd asma t o
reduce the thickness and dielectric constant of the dielectric insulating
layer. lacesedenbediwenh, thke garpeBedopstl @xiedeptsséftMBchidhei &YP RIOCess
usi ng organo-silane precursors. By the term organo-silane' precursors is
meant pr i,ncl ydi p - - a iRy u r IS

al kyl or&gg{j: g%% I‘?&I%l ﬁoﬂ%%dgﬁgéﬁgi?%an@%rr%&fnﬂ %%uggeﬁgﬁgegnﬁgngl@ll n
one enbaodj nen the R grqup is.a nethyl .(CH3) group. _lLn_anqther e di_ment,
The or gaEo Ll 14mes PP EoroFfitRaags o afEre  ForratdataRing “gsus e Aud ng
a cyclic arrangenent of four Si-0 groups. IN a preferred enbodi nent,_ the

or gano- sJF?QHéeg’r eBdEGC T Rtf ud%%nég andasPhShe 1OFCIRA 3€ fret RYFIBFSS- &1 a

sil oxane and tetra-nethyl-cyclo-tetra-siloxane. In another enbodi nent,

hydr ocar pohl peedueter sdevicfadragufacturing.

In a first embodiment, the method includes providing a
semiconductor wafer having a process surface for forming a
dielectric insulting layer thereover; depositing according to
a CVD process a carbon doped oxide layer the CVD process
including an organo-silane precursor having Si-0 groups and
Si-Ry groups, where R 1is an alkyl or cyclo-alkyl group and y
the number of R groups bonded to Si; and, exposing the carbon
doped oxide layer to a hydrogen plasma treatment for a period
of time thereby reducing the carbon doped oxide layer
thickness including reducing the carbon doped oxide layer
dielectric constant and increasing the carbon doped oxide

layer hardness.

These and other embodiments, aspects and features of the



for exanple one or nore al kane, al kene, and al kyne gases including, for
exanpl e, net hane, ethane, ethane, acetylene, propane, and propene are added
to. the gas phase to form an 11 organo-silane precursor mxture in a CVD
process to formthe to form carbon do§ed oxi de precurosr rsors including
met haned tetra-me includes at | east one of is insulating |ayer. formation
carbon doped oxide. Preferably, at |east one oxygen containing precursor
gas is also added to the organo-silane precursor mxture including for
exanpl e, to¥eng3d oo, Wb, HE0 ARFERE | FRECITE At hér Bhbli nddE 2 1tligdl cvD
process is one of a plasma enhanced CVD (PECVD~ process. The process

t enper atdeecoipthensubst rtdtee pupfeange feohrdboent@ fo tAutngsdtdomore
preferably, about 100 C to about 350 C. For exanple, in an exenplary

enbodi newh i cjasfeedarthea REEYDrpbedesse tdantier cosludetdne ovithrehe
organo-sil ane precursors at a flow rate of about 1000-5000 sccm a

hydr ocar hepoggsnding Flgwr&ate of about 100-5000 sccm and an
oxygen-cont ai ni ng precursor at a flow rate of about 100-5000 sccm RF power
is applied in a range of about 100 to 2000 Watts and a process pressure is
mai nt ai ned at about 2 to about 20 Torr. The carbon doped oxide | ayer is
preferably deposited to a thickness of about 500 to about 6000 Angstrons.

I n one enbodi nent, the ERITOMOERIRIPTIONIOY ajE DEAWINGS deposited in a

mul ti-step process where a hydrogen plasm

Figure 1 is a graph representing thickness reduction and
dielectric constant changes for a carbon doped oxide
dielectric insulating layer according to an embodiment of the

present invention.

Figures 2A-2F are cross sectional side view
representations of an exemplary embodiment of the present
invention at different steps in a manufacturing process to
form an insulating layer in a multiple layer semiconductor

device according to an embodiment of the invention.

Figure 3 1is a process flow diagram including several

embodiments of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Although the present invention is explained by reference

to a dual damascene process it will be appreciated that the



treatnment as explained belowis carried out follow ng each deposition step.
For exanple, if the final thickness of the IMD |l ayer is about 6000
Angstronms, in the nmulti-deposition process, at |east about a 1/3 i.e., 2000
Angstrons of the carbon doped oxide | gyer is preferably deposited foll owed
by a hydrogen plasma treatnent. Foll ow ng deposition of the carbon doped
oxi de layer, in one enbodi nent of the present invention, the deposited

| ayer is subjected to ,a hydrogen plasnma treatnent. Preferably, the hydrogen
pl asma tm%%?ﬂ%nFCFgrQlHHg%Opr e SR R Yo Bt fRenf O T BY OF R e Pm I dh
pressure’ | meant including process pressures fromabout 10 niforr to about
50 Torr.dTpeenydiegansplladiaa meaiewial i sspneterldiitedriped camagasna he
substrate tenperature fromabout 0 C to about 450 C, nore preferably, about
350 C toprboass400 CheHpdrogenlas addbddt dotrhgoPBECVD ehahedr demeassddrmy r at e
from about 100 to about 1000 sccm nore preferably, about 400 to about 700
sccm nosbrpretenpbey a®outi HOG iSELN pato e P§ OCESRAPIRESUT € Hg oprakeuit 10
mrorr to about 50 Torr, nore preferably, about 1 to about 10 Torr, nost

pref erabl yyeapouh 2oHlles The BNJr Quan RIARIEL du CALERALe ! hafiifdath Al T or
a period of about 28 seconds to about 600 seconds, nost preferably about 60
to about co t an 13 RF_p of ,_about 0 tpo about 500 Watts.

It is be?%ggg tﬁggﬁfghE%r%?&h%és(éfq¥ﬁ%)hfﬁ?%ﬁgh é%ggna ?%éé?nﬁ%?y¥§ﬁ%ther

wth te ratures allow the hydrogen to, di ffuse at higher, K rates throyghout
the cor DRAVABEEE S t FEFARFY nErBattHgId hid het i BCes S yBE R th |

hydrogen penetrates. It is believed the_h{drogen treat ment substitutes
hydrogenp¥%$eﬁiygéﬁebéﬁ9§ to reduce a dielectric constant and increase

a hardness and consequently, crack propagation resistance in
subsequent stress inducing manufacturing processes. Further,
although in making exemplary reference to a damascene process
by referring only to a single layer process it will be
appreciated that the single layer process may be repeated in
multiple levels and layer for forming a multi-level
semiconductor device. Moreover, although the exemplary
embodiment is explained by reference to a copper filled dual
damascene structure, it will be appreciated that other metals,
including for example, copper alloys, aluminum, and tungsten
metals may advantageocusly be used as the damascene metal

filling.

In a first embodiment of the present invention, a

dielectric insulating layer, preferably of carbon doped oxide



| eading to the partial collapse of, for exanple, cyclo siloxane structures
to increase the carbon doped | ayer density thereby increasing the carbon
doped | ayer hardness. It is believed the dielectric constant is reduced by
replacing a portion of the oxygen wth,hydrogen. Optionally, an AC or DC
bias may be applied to the wafer subsirate to assi st hydrogen penetration.
For exanple, a | ow frequency AC bias of about 10 Hz to about 10 kHz or a DC
bi as nmay be applied having peak voltage fromabout 0.5 kV to about 20 kV
when dep®si t PR§EPRI cRILILIGRES FOL adS@npi%e, frem&d i 9@ t 8 FPYBSErets fdn a
graph of an exenplary hydrogen plasma treatnent of a carbon doped oxide

| ayer (Ipoageny wher ditilesctimn cedosdd dtsiniqdileaeead on techemhotiizdetvall
axis. The thickness reduction of the exenplary IMD | ayer in Angstrons is

i ndi cat eglerat cbhaukbedbtr wetiiceal akKoilawdnbyhe odingltdctr | €f cohet alrite lefctiries | MD
| ayer indicated at the 14 right vertical axis. The " as-deposited
startingifhtkpes§ 0hykhe thiD diayeic ke apostl 2009 Angskirons. dddiaddde Al
Wi th acconpanying data points represents the reduction of thickness in
Angst r ong, ofy tfgy | BYShiD dAYREa kL N e hEdreaRll il S5 MR bI BRTRAL: idTe.
Data lines A2 and A3 represent the dielectric constant of the IMD | ayer
nmeasur ed_as functi on of. hydrogen plas treatpent tinme by two different
connerci%??@ %@gi?%bﬁ%edg%?%%ggg%ccg%g?a%¥l%%asﬁ¥%ﬁént devices. As shown in
Figure 1, follow ng the exenplary hydrogen plasma treatnent enbodi nent, it
has been found that the dielectric constant of the carbon doped filmcan be

advant ageousl y reduced from about 2.75 to about 2.5 after
In one embodiment, the carbon doped oxide is formed in a

CVD process using organo-silane precursors. By the term
‘organo-silane’ precursors is meant precursors including Si-0O
groups and Si-Ry groups, where R is an alkyl or cyclo-alkyl
group and y the number of R groups bonded to §Si. In one
embodiment, the R group is a methyl (CHs3) group. In another
embodiment, the organo-silane precursor includes a cyclo-
tetra-siloxane group including a cyclic arrangement of four
Si-0 groups. IN a preferred embodiment, the organo-silane
precursor includes at least one of octa-methyl-cyclo-tetra-

siloxane and tetra-methyl-cyclo-tetra-siloxane.

In another embodiment, hydrocarbon precursors including
for example one or more alkane, alkene, and alkyne gases
including, for example, methane, ethane, ethane, acetylene,

propane, and propene are added to the gas phase to form an



about 60 seconds of treatnent with hydrogen plasma according to one

enbodi nent of the present invention. In other exenplary hydrogen plasma
treatnments, |IMD |layers (carbon doped oxide) with an " as-deposited

di el ectric constant of greater than ag ut 2.5 have exhi bited reduced

di el ectric constants foll ow ng hydrog pl asma treatnment to bel ow about 2.5
(e. g., as low as 2 3) with a dielectric constant reduction from about 6
percent to about percent. In addition, it has been found in various
exenplar?r%ﬁﬁedﬁﬁéﬁp§ OFRC U SR8 dHESSUT fict Bage D aberEess ber Eorm ddifar ed
to the "as-deposited carbon doped 15 oxi de can be achieved follow ng the
hydr ogentpl doia tcrgdone mapert cox diagprecthes pr sbersed nebodinge mathaned
Consequently, a carbon doped oxide IMD |layer with a reduced dielectric
const ant tandaamnei hoctasded har leess oscadfantagesushyipgoldged. by subjecting
one or nore carbon doped oxide layers to a hydrogen plasma treatnent

process ageRs€ioA EQerﬁf abped erbadi Nemhe i, | RMENdQ: A% R t,
t he carbon doped OXI de | ayer has inproved di nensi onal stability wth

i ncreased, fardpes é{gfélgra bioher 1£s5SLARER 1Y CEREK Jliald atéﬂ d
s qu

propagation 1n su ent proc SS|ng steps 1 ncluding, for exanp
Referring to Fi ures A t hr.ou shomn CI.0SS ect
a

on
repr esent at  ong “of sta Jgés Hﬁ“%gﬁ *%%t & SFeEP4Gal &ané%éegg)stgﬁﬁ%u £

according to an xenplary enbodi ment of the present invention. There are
sever al g%@hﬁhaugé for manufacturing damascene structures including a dual
damascene process such as via first fabrication, self aligned fabrication,
and trench first fabrication. In a

In another embodiment, the CVD process is one of a plasma
enhanced CVD (PECVD) process. The process temperature of the
substrate may range from about 0 °C to about 450 °C, more
preferably, about 100 °C to about 350 °C. For example, in an
exemplary embodiment, gas feeds to a PECVD process chamber
include one or more organo-silane precursors at a flow rate of
about 1000-5000 sccm; a hydrocarbon gas at a flow rate of
about 100-5000 sccm; and an oxygen-containing precursor at a
flow rate of about 100-5000 sccm. RE power is applied in a
range of about 100 to 2000 Watts and a process pressure is
maintained at about 2 to about 20 Torr. The carbon doped
oxide layer 1is preferably deposited to a thickness of about

500 to about 6000 Angstroms.

In one embodiment, the carbon doped oxide layer is



typi cal damascene process, for exanple, a dual damascene manufacturing
process known in the art as a via-first process, conventional

phot ol i t hographi ¢ processes using a photoresist layer is first used to
expose and pattern an etching mask on 16 the surface of a hard mask | ayer
overlying a lowk dielectric insulating (I MD) |ayer, for etching a via
openi ng through the lowk dielectric insulating |layer. Subsequently a
simlar process is used to define a trench opening that is forned overlying
and encoﬁﬁﬁ@é‘ilﬁ&dt hetvica Bpehi i§taPt REAREER FNGShch JpEHigeRs Plasma
anisotropically etched into the IMD |ayer to include a portion of the via
openi ng. tTRatyeatopehi AgPraAd necenehl opedisngcar el edewudubSeqberitng I9am with
a barrier layer of, for exanple tantalumnitride, and filled with netal,

pr ef er abigpoeppepnbytamp .el et r odepopilei on fpridressinal f bhickhassawrd tthench
lines. The surface is then preferably planarized by chem cal nechani cal

pl anari zagbon AV¥P) 1 50 AV eceBoehgEidmandibetires geflicne dehe direngh
| ines and prepare the nulti-level device for further processing. Referring

to FigurgrdBeskn aft exegptanysiyal, dangsceng, pr 09?@%1 A s €X8HP! 82 the

via-first process, a substrate 20, for exanple a dielecttic I nsulating

| ayer hayi cti area 22.is_prqovided, for ex cOo r filled
trench I¥%ggoﬁbgggg§ngéggﬁi%ay§ oﬁsl §§%ef€%ﬁ§'€% V1 3%9%3%Fﬁfﬁgggu stTate
20 includiggSthe Cﬁnductive area 22 formed of, for exanple silicon nitride

(SiN), sP¥YFEoACBxPhPEPRdETESFERE or silicon carbide (SiC) to act as an

etching stop in_a subsequent
Following deposition of the carbon doped oxide layer, in

one embodiment of the present invention, the deposited layer
is subjected to a hydrogen plasma treatment. Preferably, the
hydrogen plasma treatment is a high pressure plasma treatment.
By the term ‘high pressure’ I meant including process
pressures from about 10 mTorr to about 50 Torr. The hydrogen
plasma treatment is preferably carried out with the substrate
temperature from about 0 °C to about 450 °C, more preferably,
about 350 °C to about 400 °C. Hydrogen is added to the PECVD
chamber at a flow rate from about 100 to about 1000 sccm, more
preferably, about 400 to about 700 sccm, most preferably about
600 sccm, at a process pressure from about 10 mTorr to about
50 Torr, more preferably, about 1 to about 10 Torr, most
preferably, about 5 Torr. The hydrogen plasma treatment is
carried out for a period of about 20 seconds to about 600

seconds, most preferably about 60 to about 180 seconds at an



17'operation where via openings are etched through a subsequently deposited
overlying lowk dielectric insulating |ayer, fornmed preferably of carbon
doped oxide, to formclosed comruni cation with the conductive area 22. The
etching stop layer 26 is typically de?ysited by chem cal vapor deposition
usi ng for exanple, PECVD, or |ow pressure CVD (LPCVD) to a thickness of
about 300 Angstrons to about |1 000 Angstrons. Still referring to Figure 2A
foll ow ng_depositiaon of the etching stop |ayer 26 a first |owk dielectric
i nsul ati R Payer 28A20boMEr i%hitP #rAborlYoPrEt8xi déti sl Reilig sk the
organo-sil ane precursors outline in the preferred enbodi nents is deposited
i n A PECGVDIhr peessuresa athitdiendsypdudgeboplt a 3080t sagsmesis togsithew myith
deposition of the first carbon doped oxide | ayer 28A, the first carbon
doped oxtdepkagenries sablewt ethet chpdhydengern pdlasfaser est nebghaecaratiay to
the preferred enbodi nents. Referring to Figure 2B, follow ng the hydrogen

pl asma ttgabiBhbul 0€88S, carB8R0Nbsaaban goped Haddey | ayRir&B88i 0§ abut
3000 Angstrons is deposited over the first carbon doped oxide | ayer and

subj ect edy§ 0xARQENEK RY dHA%eN HH AP LS5 MBBhet rdBe RN 0CE]S 110 Lonpl Rl
T P s T

formation of a first dielectric insulating 1ayer MD layer). It wll be

apprecia h t iele ic Lhsulating_laye I ayers) nmay he. used,
one for #%gmﬂjﬁ%&to \eg{?lviq:algé%ﬁnr’elérllé]C nsgﬁgtgrﬁgtg Sr %ogr%%egljlv?ﬁért r%é‘é{)@ﬁﬁ i)£>n<3erlsdS
therein. It will be further ag ci ated that i% t | MD | ayers are used,

; r
pr ef er abl §2ER8 % aF Bont 4o pdtf okt e i L htaPR8stClused For eFRgPLe, cyclo-

siloxane structures to increase the carbon doped layer density
thereby increasing the carbon doped layer hardness. It is
believed the dielectric constant 1s reduced by replacing a
portion of the oxygen with hydrogen. Optionally, an AC or DC
bias may be applied to the wafer substrate to assist hydrogen
penetration. For example, a low frequency AC bias of about 10
Hz to about 10 kHz or a DC bias may be applied having peak
voltage from about 0.5 kV to about 20 kV when depositing thick

films.

For example, referring to Figure 1 is shown a graph of an
exemplary hydrogen plasma treatment of a carbon doped oxide
layer (IMD layer) where time in seconds is indicated on the
horizontal axis. The thickness reduction of the exemplary IMD
layer in Angstroms 1is indicated at the left vertical axis and

the dielectric constant of the IMD layer indicated at the



trench line | MD | ayer as the effects of signal delay capacitance effects
are greater for trench line signal propagation. In the case of using two

IMD layers it will be appreciated that an etching stop or capping | ayer may
be provi ded between the IMD | ayers, f b exanple, forned in the sane manner
as etching stop layer 26. Still referring to Figure 2B, follow ng

deposition of the carbon doped oxide |ayers e.g., 28A, 28B to formthe IMD
| ayer, an etching stop layer 30, for exanple silicon oxynitride or silicon
car bi de F$Ih6r HBdtiRathéXd&me Mlfne R SaseRaNitRe stoR Ity Pel FRfH Rt t ed
over the first IMD layer e.g., 28A and 28B. A dielectric anti-reflectance
coati ng tDARAGMOQ nbeyehowd)s, druexarple AidittormaxyniDatiadelineg plefwkidbl y
deposited over the etching stop |layer 30 to reduce 19 undesired |ight
refl ecti eancbmpaugsaqueat appotialtist regraskint spatieermeadug tpracesSesh fakness
produci ng the via and trench opening. If the etching stop layer is silicon

oxynitridg, AnRetieeRssif Yt RE 2xPABTalYeiMD S1aELCRESAI YT dofed %_ﬁsagx@ai
reflective properties at the etching Stop | ayer surface fmay be adjusted by

adj ust i g LOenShLI ENCOXY R 9:000005 00 AN SRS Ii% KiULA L1

art. Referring to Figure the etching stop la

phot ol i t hogr aphi_cally, ,pat ned for ani sotropically etching i a,openi ng,
For examBPEoChy tapd g 5 HeLsYart FRASIEGT (BN BHOCGREb S JUar St
(not shown) active to wavel engths of about 248 nmor less. follown

Dot of 1t AOBFRBNI-E Soetiin HGTE DB oRYe N SREF Cai SORTHC S ders B KR 1
process including, for exanple, hydrofluorocarbons and fluorocarbons having
a car bondiglertisirneongtpptomeasyuemegntodaldéges4 is used to

As shown in Figure 1, following the exemplary hydrogen
plasma treatment embodiment, it has been found that the
dielectric constant of the carbon doped £film can be
advantageously reduced from about 2.75 to about 2.5 after
about 60 seconds of treatment with hydrogen plasma according
to one embodiment of the present invention. In other
exemplary hydrogen plasma treatments, IMD layers (carbon doped
oxide) with an ‘as-deposited’ dielectric constant of greater
than about 2.5 have exhibited reduced dielectric constants
following hydrogen plasma treatment to below about 2.5 (e.g.,
as low as 2.3) with a dielectric constant reduction from about
6 percent to about 9 percent. In addition, it has been found
in various exemplary embodiments that a hardness increase of

about 33 percent compared to the ‘as-deposited’ carbon doped



first etch through the etching stop | ayer 30; through the carbon doped
oxi de layers 28A and 28B; and through etching stop layer 26 to forma via
31A in closed conmuni cation with conductive area 22. Referring to Figure
2D, a simlar second photolithographiqsprocess is then carried out to
pattern trench openings overlying and &nconpassi ng the via opening 20
31A. Prior to the trench line patterning process, a polyneric resin nmay
optionally bhe deposited and etched back to forma via plug (not shown)
filling abePtFéﬁ 8f PRE 1 ¢4 5h &10d Loy 1ido & QM@%QH%P(ﬂﬁQﬁW&;?ﬂgﬁ%ﬁﬁpﬁ%
prevent out-diffusion of absorbed nitrogen species fromthe IMD | ayer
capabl e 8fcpaCamier fRrg Wieh RIRLereadh anprdpaenérni ng Garoreseensiyy| a
referring to Figure 2D a trench opening is anisotropically etched to forma
trench opemog 3dBpever byiing adiilendaypasswnght he vradopeni ndied efadrm a
dual damascene structure. Referring to Figure 2E, follow ng formation and

cl eani ngcehsthatduald danescensa $dd Uchddgesd [EMAME aheigdddls 16F giduced
material, the dual damascene structure is filled with, for exanple, copper

filling g?’l iﬁgf’j’&'&ﬂﬂngg e eb%Ctrﬁ&ré’el%%%ibtdrP”dBfoagﬁeséxié‘é‘d 1hrgakly a

mechani ca anari z to conplete the formation of a dual damascene.

| ol uded, (0, Le T 9SS S LS ALt Lon ol & Al er{ aghes] of Layer. 32, of

for exanp y &5%05| i on of “a copper see ayer

(not shown ver the fer surface.including the barrier/adhe ioné%a er 32

o or "t oo BPett R fodit | iE ofPEBBREPT i | i SHSSBUF! nE eV ARE A er

| ayer 32 and a _portion of the etching top layer 30 at the wafer surface is

poIishedOdee layer has improved dimensional stability with increased
hardness including a higher resistance to crack initiation and

propagation in subsequent processing steps including, for

example, CMP.

Referring to Figures 2A through 2E are shown cross
sectional side view representations of stages in manufacture
of a dual damascene structure according to an exemplary
embodiment of the present invention. There are several
techniques for manufacturing damascene structures including a
dual damascene process such as via first fabrication, self-
aligned fabrication, and trench first fabrication. In a
typical damascene process, for example, a dual damascene
manufacturing process known in the art as a via-first process,
conventional photolithographic processes using a photoresist

layer is first used to expose and pattern an etching mask on



awnay. 21 Referring to Figure 3 is showm a process flow di agram i ncl udi ng
several enbodi nents of the present invention. In process 301, a

sem conduct or wafer process surface is provided for formng a dielectric
insul ating | ayer thereover. In proces 6303, a carbon doped oxide dielectric
insulating | ayer, preferably forned bg a PECVD process including
organo-sil ane precursors according to preferred enbodi nents is deposited.

I n process 305, a hydrogen plasma treatnent according to preferred

embodi mehbs Paréacei od cuthars dewskfiayee eupBoHiBEpad lotide dHrlewrric

i ncrease the hardness thereof. As indicated by directional process arrow
304, protessést3ng dA¥D305 aweyr opidnretdlyihe aepéat edening rafncygdhe drayer
deposition process to formthe dielectric insulating layer (IMD layer). In
process 30vw-& Chipplagrttayerinyuleitcindglalyer .l ayeiubisequeat Idedao\sdm i her
dielectric insulating layer. In process 309, a dual damascene structure is

or eat ed pagkUding; 51 8BS 0!: ANseiENl SaklLnRtCNBEnYha Ak 1 eaChrdimes,

fLIIhnglmnth netal, preferably copper, and CVP to conplete tpe formation ﬁf
fnSengﬁon % ? begﬁggéggg%ﬁ%égglﬁgb ?*ggghﬁbpgi ﬁﬁﬂﬁy ?Eggéea&gégskl%lt ©

inthe art t nunerous vari,ations qt %%ﬁ qi uti ons_may
be mde GFERG0t OHEPAPEI 1§ APOSREREPLEAIY BF oPRE REn(h P A iThest and
further c¢lainmed . .
include a portion of the via opening. The via opening and
trench opening are then subsequently line with a barrier layer
of, for example tantalum nitride, and filled with metal,
preferably copper by an electrodeposition process to form vias
and trench lines. The surface is then preferably planarized
by chemical mechanical planarization (CMP) to remove excess

metal and better define the trench lines and prepare the

multi-level device for further processing.

Referring to Figure 2A, 1in an exemplary dual damascene
process, for example a via-first process, a substrate 20, for
example a dielectric insulating layer having a conductive area
22 1is provided, for example, a copper filled trench line.
Next, an etching stop layer 26 is provided over the substrate
20 including the conductive area 22 formed of, for example
silicon nitride (SiN), silicon oxynitride (SiON) or silicon

carbide (SiC) to act as an etching stop in a subsequent



bel ow. 23 CLAIMS What is clained is: 1. Anethod for formng a dielectric
insulating layer with a reduced dielectric constant and increased hardness

for sem conductor device manufacturing conprising the steps of:

provi ding a

sem conduct or waf er having a process §erace for formng a dielectric

insulting |ayer thereover; depositing

ccording to a CVD process a carbon

doped oxi de | ayer the CVD process including an organo-sil ane precursor
having Si-0 groups and Si-Ry groups, where R is an alkyl or cycl o-al kyl

group anﬂp9rﬁﬁé°ﬂuHB§Feonﬁ 8?8&ﬁ§gﬁoﬁ6€deﬁ§h§ thie
doped oxide |ayer to a hydrogen plasnma treatnment for a period

GsiSHP sar8 e bbn

of tinme. 2.

The net hdgrofitprdi mvier lutiagei ipwHe diekgot 8l ¢ ahesplatingord aygeci doumad udes
a cyclic arrangenent of at |east four Si-0 groups. 24 3. The net hod of
claim 1, pwhEerablyheforgabonsdoard pxadcer,sdo Spew eddsedd usesnati da@isin one

of octa-nethyl-cyclo-tetra siloxane and tetra-nethyl-cyclo-tet

4. The npibadtofe ctehdubeivbe@idy tHe, Or gaRo- st ERNBgPISEGY SDiy
form an organo-sil ane precursor m xture including hydrocarbon

ra- sil oxane.

&8 Mexed to
precur sor

gases '”Egﬁgbgﬂlg H%§§§§1958 ¥y "ELOADER1CTNANS, GLDSRA L 1RGFIYLERG: for

pr opane, prope

example, PECVD, or low pressure CVD (LPCVD) to a thickness of

about 300 Angstroms to about 1000 Angstroms.

Still referring to Figure 2A, following deposition of the

etching stop layer 26 a first low-k dielectric insulating
layer 28A, preferably a carbon doped oxide including the
organo-silane precursors outline in the preferred embodiments
is deposited in A PECVD process to a thickness of about 3000
Angstroms. Following deposition of the first carbon doped
oxide layer 28A, the first carbon doped oxide layer is
subjected to a hydrogen plasma treatment according to the

preferred embodiments.

Referring to Figure 2B, following the hydrogen plasma
treatment process, a second carbon doped oxide layer 28B of
about 3000 Angstroms is deposited over the first carbon doped

oxide layer and subjected to another hydrogen plasma treatment



5. The method of claim4, wherein the organo-silane precursor m xture
further includes an oxygen containing species as an oxidant. 6. The nethod
of.claim5, wherein the oxidant includes at |east one of Oz, 03, CO, C02,
and HzO. 7. The nethod of claim1l, whegein the carbon doped oxide |ayer
dielectric constant following the step of depositing is |ess than about
3.0. 8. The nethod of claim1l, wherein the CVD process includes a plasm
according to a PECVD process. 25 9. The nethod of claim1, wherein the
hydr ogenPpPasfd FPeaPRRAELRs fearAtePotE dcddrditng ited o i ies P S A tidichg
process conditions including supplying hydrogen at a flow rate of about 100
sccmto hbpear SO0WD tep@ay)a process pressure of about 10 niTorr to about 50
Torr; a process tenperature of about 0O degrees Centigrade to about 450
degrees Centigrade; and, supplying an RF energy at a power of about 100 to
about 500 Watts. 10. The nethod of claim9, wherein the hydrogen plasnma

treatnent is carkiiad ogE aGaFel IWé® ahRtastRol REldId g PE 06 @S 16ANd g | ons
i ncl udi ng suppl yi ng hydrogen at a flow rate of about 400 sccmto about 800

SCCM 2 PLOEeSS PIBSSHEGes)ahpsdy LeTaided0 @RQUIEID T ini fty PERECSSias

tenperature of about 250 degrees Centigrade to about 400 dedrees

Centigra 1. The nethod_of. claim wherei n the hydrogen pla .
o I alfepdly IRG BELNGE OkPhNT FnetILtl LIRS LHAED P A Wil

The nethod of claim1, wherein the hydrogen plaspma
be gurthe apprecfated thgt T t%o IMD layers are used,

preferably the carbon doped oxide is at least used for the
trench 1line IMD layer as the effects of signal delay
capacitance effects are greater for trench line signal
propagation. In the case of using two IMD layers it will be
appreciated that an etching stop or capping layer may be
provided between the IMD layers, for example, formed in the

same manner as etching stop layer 26.

Still referring to Figure 2B, following deposition of the
carbon doped oxide layers e.g., 28A, 28B to form the IMD
layer, an etching stop layer 30, for example silicon
oxynitride or silicon carbide is formed in the same manner as
etching stop layer 26 is deposited over the first IMD layer
e.g., 28A and 28B. A dielectric anti-reflectance coating
(DARC) (not shown), for example silicon oxynitride, 1is

preferably deposited over the etching stop layer 30 to reduce



treatment is carried out for a sufficient period of time to reduce the
carbon doped oxide |ayer dielectric constant from about 1 percent to about
30. percent. 26 13. The nmethod of claim 11, wherein the hydrogen pl asna
treatment is carried out for a suffic'&nt period of tinme to increase the
carbon doped oxi de | ayer hardness from about 5 percent to about 50 percent.
14. The nmethod of claim1l, wherein the steps of depositing and exposing are
sequentially repeated to forma djelectric jnsulating |ayer, 15. A nethod

for forWRgcatdre ektoht f?%ﬁﬂ%ﬁ?%ﬁflléﬁbrsﬂPFﬁqaepédd@@ﬂ At éFBegraphic
constant and increased hardness for sem conductor device manufacturing
conpri si PRt tgensR@perofespeavidrngradseineoiigcVér watet nedhn @regmsoess
surface for formng a dielectric insulting |ayer thereover; depositing
accor di ngf t tha PECWDnpr etepslayear bhensddpednooxge iltayiekre,t hhePECVR sFidgess

i ncluding a precursor m xture including a precursor having a cycl o-sil oxane

group, abfl easbarne Twglspcardonngaseselaact edsf riame t Gesgnap akkaresive
al kenes, and al kynes, and an oxygen contai ni ng species selected fromthe

01 0UP, 0Zr e Ches AL, ANM LL0h 90, 60908 1 LA RONAPNEA. 0 i3y o

to a high pressure hydrogen treatnment for a period of tinme thereby

27 reducing. the carbop, doped.oxide | ayer .thi i.ncl udi_ng.,rneduci t he
car bon dopeatogrEEhTarnf BE g Bbr e vRYRE b BRI B S
doped ox%de | ayer hardness. 16. The nethod of claim 15, wherein the

precur sof"A%Yi Ay the art-

Referring to Figure 2C, the etching stop layer 30 is
photolithographically patterned for anisotropically etching a
via opening, for example, by applying a deep ultraviolet (DUV)
photoresist overlayer (not shown) active to wavelengths of
about 248 nm or less. following photolithographic patterning,
a conventional anisotropic plasma etching process including,
for example, hydrofluorocarbons and fluorocarbons having a
carbon to fluorine ratio of about 2 to about 4 is used to
first etch through the etching stop layer 30; through the
carbon doped oxide layers 28A and 28B; and through etching
stop layer 26 to form a via 31A in closed communication with
conductive area 22.

Referring to Figure 2D, a similar second
photolithographic process is then carried out to pattern

trench openings overlying and encompassing the via opening



cycl o-sil oxane group includes at |east one of octa-nethyl
cyclo-tetra-siloxane and tetra-nethyl-cyclo-tetra-siloxane. 17. The net hod
of. claim 15, wherein the carbon doped oxide | ayer dielectric constant
followi ng the step of depositing is Ifﬁs t han about 3.0. 18. The nethod of
claim15, wherein the hydrogen plasma™tireatnent is carried out according to
a plasma including process conditions including supplying hydrogen at a
flow rate_of about 400 sccmto about, 800 sccm a process pressure of about
1 Torr t®lAboufriBTTEPr the HrE8EEs LiBfpSRATEEE 160 AFORESSH0 A Rfaderic
Centigrade to about 400 degrees Centigrade. 19. The nethod of claim 18,
wher ei n raeinyMedgerPpleamly r bat wemod it edhranddesghely dmdbobe fOrseconds
to about 600 seconds. a 28 20. The nethod of claim 15, wherein the

hydr ogenvpbagriaig r éabtrerghawn cafiilédnguta f ppraisuf fo£i €he pera ododf tiare to
reduce the carbon doped oxide layer dielectric constant to | ess than about

2.5 and ppetease e €24 b@EedQﬁ@_}d I dgndayer drdehessohit o algadt on per cent
to about 50 percent. 21. The method of claim 15, wherein at |east one of an

AC and DG,RLag s aRRIceR 4 Oshlae 136M ¢QRdUCLAE WRHBT -1afs r AR pA9F - AR
A& A9l AQY . A9. A9Y . A9
interfering with the trench line patterning process. Still
referring to Figure 2D a trench opening is anisotropically

etched to form a trench opening 31B overlying and encompassing

the via opening to form a dual damascene structure.

Referring to Figure 2E, following formation and cleaning
of the dual damascene structure to remove residual organic
material, the dual damascene structure is filled with, for
example, copper filling 34 according to an electro deposition
process, and chemically mechanically planarized to complete
the formation of a dual damascene. Included in the process is
the formation of a barrier/adhesion layer 32, of for example
tantalum nitride, followed by deposition of a copper seed
layer (not shown) over the wafer surface 1including the
barrier/adhesion layer 32 prior to electrodeposition of copper
filling 34. During CMP the barrier layer 32 and a portion of
the etching top layer 30 at the wafer surface is polished

away.
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. A9r . A% &CZOm8t [ *dF} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c
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NEdl 2" E gt " Us###Z$\ $$3$%.94 xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

L A L o @ S ST i.d Z1 : cajc aj ca
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2222 . electric i 1at]
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3F33334N\d QE_B? ggséﬁ’é@@d? 5777 87 BEYPHITFTL I } KR AL U F P e aPEdrds &Y % a) ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
]cal q:::prgchrsors according to preferred embodiments is deposited.
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preferred embodiments is carried out to densify the carbon
doped oxide and to increase the hardness thereof. As
indicated by directional process arrow 304, processes 303 and
305 may optionally be repeated in a multiple layer deposition
process to form the dielectric insulating layer (IMD layer).
In process 307 a capping layer or etching stop 1layer 1is
provided over the dielectric insulating layer. In process
309, a dual damascene structure is created including steps of
anisotropically etching via and trench lines, filling with

metal, preferably copper, and CMP to complete the formation of

the dual damascene.

The preferred embodiments, aspects, and features of the

invention having been described, it will be apparent to those
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for forming a dielectric insulting layer thereover;

depositing according to a CVD process a carbon doped
oxide layer the CVD process including an organo-silane
precursor having Si-O groups and Si-Ry groups, where R is an
alkyl or cyclo-alkyl group and y the number of R groups bonded
to Si; and

exposing the carbon doped oxide layer to a hydrogen

plasma treatment for a period of time.

2. The method of claim 1, wherein the organo-silane precursor
species includes a cyclic arrangement of at least four Si-O

groups.
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5. The method of claim 4, wherein the organo-silane precursor
mixture further includes an oxygen containing species as an

oxidant.

6. The method of claim 5, wherein the oxidant includes at

least one of 0,, 03, CO, CO, and H,0.

7. The method of claim 1, wherein the carbon doped oxide
layer dielectric constant following the step of depositing is
less than about 3.0.

8. The method of claim 1, wherein the CVD process includes a

plasma according to a PECVD process.
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and, supplying an RF energy at a power of about 100 to about

500 Watts.

10. The method of claim 9, wherein the hydrogen plasma
treatment 1is carried out according to a plasma including
process conditions including supplying hydrogen at a flow rate
of about 400 sccm to about 800 sccm; a process pressure of
about 1 Torr to about 10 Torr; a process temperature of about

250 degrees Centigrade to about 400 degrees Centigrade.

11, The method of claim 9, wherein the hydrogen plasma
treatment 1is carried out from about 10 seconds to about 600
seconds.

12. The method of claim 1, wherein the hydrogen plasma
treatment is carried out for a sufficient period of time to
reduce the carbon doped oxide layer dielectric constant from

about 1 percent to about 30 percent.
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15. A method for forming a dielectric insulating layer with a
reduced dielectric constant and increased hardness for
semiconductor device manufacturing comprising the steps of:

providing a semiconductor wafer having a process surface
for forming a dielectric insulting layer thereover;

depositing according to a PECVD process a carbon doped
oxide layer the PECVD process including a precursor mixture
including a precursor having a cyclo-siloxane group, at least
one hydrocarbon gas selected from the group alkanes, alkenes,
and alkynes, and an oxygen containing species selected from
the group 0z, 03, CO, CO;, and H;0; and

exposing the carbon doped oxide layer to a high pressure

hydrogen plasma treatment for a period of time thereby
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less than about 3.0.

18. The method of claim 15, wherein the hydrogen plasma
treatment is carried out according to a plasma including
process conditions including supplying hydrogen at a flow rate
of about 400 sccm to about 800 sccm; a process pressure of
about 1 Torr to about 10 Torr; a process temperature of about

250 degrees Centigrade to about 400 degrees Centigrade.

19. The method of claim 18, wherein the hydrogen plasma
treatment 1is carried out from about 10 seconds to about 600

seconds.
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DC bias is applied to the semiconductor wafer.



