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DAMASCENE BACKGROUND OF THE | ( eld ® the

| nventi on The invention relates to a met hod of
netallization in the fabrication of integrated circuits, ﬂrz gﬁgqggg
particularly, to a nmethod of dual damascene netallizati on¥" e

manuf acture of integrated circuits. (2) Description of the Prior Art
The danmascene or dual damascene process has becone a future trend in
integrated circuit manufacturing, especially in tthco gé% ' i on
process. These process '§ﬁ#ﬁﬁgﬁ i MAYERIALSCR |65§, gﬁéﬁg#aﬁg%d
Sze, The NEQ¥ @@Wlnfghéiﬁhéég nc.,Thgé NY, c. 1996, pp. 444- 445. In
t he copper damascene schenme, the conventional etch stop and passivation,
or barrier, layers conprise silicon nitride which has a dielectric
constant of about 7. One oackémOURIOR STHEJAVENTIPNcitance is to introduce
an etch stop layer and a barrier layer having a |low dielectric constant.
U S. Patent 5,858,869 to Chen et al discloses an internetal dielectric

| ayer using anisotropic plaspa oxides and | ow di el ectric constant

pol ymers. U(S) Piedd of the Invenli®hgg, n1g (o Boeck et al shows a dual

damascene process in which,the LaR+dbR! pe1atés | @yed drstheal lodw diel ectric
const ant .

metallization in the fabrication of integrated circuits, and
more particularly, to a method of dual damascene

metallization in the manufacture of integrated circuits.

(2) Description of the Prior Art
The damascené or dual damascene process has

- become émfuture trehd in integrated circuit manufacturing,
especially in the copper metallization process. These
processes are discussed in ULSI Technology, by Chang and Sze,
The McGraw Hill Companies, Inc., NY, NY, c. 1996, pp. 444-
445, In the copper damascene scheme, the conventional etch
stop and passivation, or barrier, layers comprise silicon
nitride which has a dielectric constant of about 7. One of
the ways to reduce capacitance is to introduce an etch stop

layer and a barrier layer having a low dielectric constant.

U.S. Patent 5,858,869 to Chen et al discloses
an intermetal dielectric layer using anisotropic plasma

oxides and low dielectric constant polymers. U.S. Patent
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The | ayer conprises®a spin-on-polynmer or spin-on-glass or other |ow
dielectric constant material such as HSQ U S. Patent 5,648,200 to Letize
et al discusses photoi mageable dielectrics using organosilanes as
conditioners. U S Patent 5,759,906 to Lou shows a variety of conventi onal
low dielectric constant materials. U S Patent 5,523,163 to Ballance et
al teaches the use of Si-O containing low dielectric constant materi al s.
SUMVARY OF THE | NVENTI ON A principal object of the
present invention is to provide an effective and very manufacturabl e

met hod ofs, g8, A 1d 288 iggedi dthall aHdwsrll anadf dafheaeabegretesyi in devi ces.
Anot her object of the invention is to provide a dual danascene

net al | i 3K ith RIHE Qssp Ui died iV (ilRlyeet hiag aCQbWt diblaBteicatonstant.
Yet anot her object of the inventionis to provide |ow dielectric constant

mat er i al STHOrldyrer deorpr IS R rPploIs@iymer or spin-on-glass or

2 Yet anot her object of the invention is to

provi de lathel elamctdiel exnsiamonsttart alatead aflheuphsasvEfQon U.S.
Patent 5,648,200 to Letize et al discusses photoimageable
dielectrics using organosilanes as conditioners. U.S.
Patent 5,759,906 to Lou shows a variety of conventional low
dielectric constant materials. U.S. Patent 5,523,163 to

Ballance et al teaches the use of Si-O containing low

dielectric constant materials.
SUMMARY OF THE INVENTION

A principal object of the present invention is
to provide an effective and very manufacturable method of
metallization in the fabrication of integrated circuit

devices.

Another object of the invention is to provide
a dual damascene metallization process using low dielectric

constant materials.

¥Yet another object of the invention is to
provide low dielectric constant materials for the dual

damascene process.
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| ayer or etch stop layer in the dual damascene process.
I n accordance with the objects of this invention novel |ow dielectric
constant materials for use as dielectric in the dual damascene process are
provided. A low dielectric constant material dielectric layer is forned by
reacting a nitrogen-containing precursor and a substituted organosilane in
a pl asma- enhanced chem cal deposition chanber. Al'so, in
accordance with the objects of the invention, novel |low dielectric
constant materials for use as a_ passivation or etch stop layer in the dual
damascene process are pAe¥i asgtharcabheatdefethei inventipnrigeto '
passivation or etch stop_layer having a low dielectric constant is forned
by reacti B§oxidghdomt Gﬂeaeﬁéﬁéﬁi §°n§gé@i§r@é1ieﬁh@1§ agbkRe tRRSI VR EBPRsi | ane

in a plaspa-enhance chenicil depgsitjon_ch nger. Alternatively, a
silicon- 18XEEi §& ﬁ%§§i§§9po aXFreFBhtEFoﬂuPiy PMASCENG BEPSWPSdi el ectric
constant is fornmed by reacting a substituted organosilane in a

pl asma- enhanced chem cal deposition chanber.

3 In"b3RoriAndeCRi faNERe VobietPs OB €Ris Of the

I nvention, a process of form ng passivation, dielectric, and
invention novel low dielectric constant materials for use as

R O N

dielectric in the dual damascene process are provided. A low
dielectric constant material dielectric layer is formed by
reacting a nitrogen-containing precursor and a substituted
organosilane in a plasma-enhanced chemical deposition
chamber.

—a

Also, in accordance Qith the objects of the o
invention, @ovel low dielectric constant materials for use as

a passivation or etch stop layer in the dual damascene

process are provided. A carbon-doped silicon nitride

passivation or etch stop layer having a low dielectric

constant is formed by reacting a substituted ammonia

precursor and a substituted organosilane in a plasma-enhanced
chemical deposition chamber. Alternatively( a silicon-

carbide paséivation or etch stop layer having allow

dielectric constant is formed by reacting a substituted

organosilane in a plasma-enhanced chemical deposition

chamber.



i

etch stop layers for use in thg“aual danmascene process is achieved. An
I nterconnection line is provided through an insulating |ayer on a
sem conduct or substrate. A carbon- doped silicon nitride or silicon
carbi de passivation layer is deposited overlying the insulating | ayer and
I nterconnection line. Afirst dielectric layer is deposited overlying the
passi vation | ayer wherein the first dielectric layer has a dielectric
constant | ess than three.Albe,finsacdordantei withavke osjectsdofThbeeafter,
a carbon-doped silicon nitride or silicon carbide etch stop |layer is
deposi t ed bueehyiiog,t heprbrcess dfeferming bagsivatieecodielieeteicri @nbayer
is deposited overlying the etch stop |ayer wherein the second dielectric
| ayer has etdheb&opr layesssfant usesint the duatedamapeenecbrRACESE| a6tric
| ayer is cured. An optional capping |ayer of carbon-doped silicon nitride
or silicon26hiBVag.i sAndépbsreeaneetioyi hinehts seEevidded ctbEPRER RByer. A
dual danasceni ogeniag is formed through the second gielegtric | ayer, the
at ¥ Bass

etch stop MAFEFACERE FRYET HPePeEEW?EOP YEFOT 4 RUPSERR vERFBR®Mayer to
Do L T CARRERL L9 LbRys bes BB BT FELSL LoNEL Bt aRettyl Sprnts
hn the fafepeaticel B@eé&y&ﬂﬁggﬁgéggﬁggéf%#%C§§%$£$%E§Eﬁﬁﬁﬁﬁﬁgpnection
line. A first dielectric layer is deposited overlying the
passivation layer wherein the first dielectric layer has a
dielectric constant less than three. The first dielectric
layer is cured. Thereafter, a carbon-doped silicon nitride
or silicon carbide etch stop layer is deposited overlying the

first dielectric layer. A second dielectric layer is

-

deposited overlying the etch stdp layer wherein the second
dielectric layer has a dielectric constant less than three.
The secoﬁd dielectric layer is cured. BAn optional capping -
layer of carbon-doped silicon nitride or silicon carbide is
deposited overlying the second dielectric layer. A dual
damascene opening is formed through the second dielectric
layer, the etch stop layer, the first dielectric layer, and
the passivation layer to the interconnection line. A
barrier méfal layer and a copper layer are formed within the
dual damascene opening to complete copper metallization in

the fabrication of an integrated circuit device.
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In the acconpaﬁ??hg drawings formng a material part of this description,
there i s shown: Figs. 1 and 2 schematically illustrate in
cross-sectional representation a dual damascene process of the present
i nvention. Fig. 3 schematically illustrates the PECVD
equi pnent usage of the present invention. DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS The present invention proposes a

pl asma- enhanced chem cal vapor deposition (PECVD) of novel materials

that have | ow di el ectric constant rogerties such that they can be used by
t hensel ves as IOM/dieIecﬁﬁﬁEFcBﬁ§FEﬁF AENePF aTHE JPRAWENGD or at ed into the
passivation | ayer or the etch stop layer to reduce the dielectric
constant. These naterials are especially useful in the copper danmascene

process. ferr.i . r ' Fig. 1,

there is illustrated a pcI)Pt i@_glﬁ" %FCQHBQW%% §r§§%?§éﬁetgﬂl?’%#g%rat ed circuit
device. Thah@risiSpaw %fs%ﬁh%°a§§6%gbtion, therF,is shown: 5
substrate 10, preferably conposed of rnonocrystalline silicon.

Figs. 1 and 2 schematically illustrate in
cross-sectional representation a dual damascene process of

the present invention.

Fig. 3 schematically illustrates the PECVD

equipment usage of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention proposes a plasma-
enhanced chemical wvapor deposi£ion (PECVD) of novel materials
that have low dielectric constant properties such that they
can be used by themselves as low dielectric constant material
or incorporated into the passivation layer or the etch stgp
layer to reduce the dielectric constant. These materials are

especially useful in the copper damascene process.

Referring now more particularly to Fig. 1,
there is illustrated a portion of a partially completed

"integrated circuit device. There is shown a semiconductor



Sem conduct or devi ces structureSf such as gate el ectrodes, source and
drain regions, and netal interconnects, not shown, are forned in and on

t he sem conduct or substrate and covered w th an insulating |ayer.

| nt.erconnection lines, such as copper or alum num copper line 14, for
exanple, is formed over the insulating layer and will contact sone of the
under |l yi ng sem conduct or devi ce structures through openings in the
insulating | ayer, not shown. Now, a passivation or
barrier 16 is formed over the copper line to a thickness_of between
about %ﬁﬁm@%ﬁqf&@blﬂ fGamposgde oL MpnecrygEplignessidd o8-t ed
over the barrler 6 to a thickness of between abo t 100Q and 10, 000

Angst r ome SINAR G55 SHFACtIF ey s SYERo &St gateoc eFﬁFE fifss of
BT G A R A e R
opti onal aﬁ"leO@ d V& azrgie @ e %geﬂﬁ%'%xg‘acn§§gsgg§tinggngnddk:Sjvg‘E‘E[i' ¢

| ayer to a th| ness of tween ab a stroms

N the comMantddNElsERti gy Fefetdnnctdddl 19388 CEURNORRNI N0 | S

etched through the first and second electric layers, the etch stop |ayer
and the paRssiesid®mluminum-copper line 14, for example,bis formed |ayer
usi ng one of the various schenes such as trench-first, wvia-first, or
enbedded onver thee ihmilaEirgs desyem@Een g lils contact some of the

underlying semiconductor device structures through openings

in the insulating layer, not shown.

Now, a passivation or barrier layer 16 is
formed over the copper line to a thickness of between about
200 and 5000 Angstroms. A first dielectric layer 18 is
deposited over the barrier layer 16 to a thickness of between
about 1000 and 10,000 Angstroms. Next, an etch stop layer 20
is deposited to a thickness of between about 200 and 5000
Angstroms followed by a second dielectric layer 22 having a
thickness of between about 1000 and 10,000 Angstroms. 2An
optional capping layer 23 can be deposited over the second

dielectric layer to a thickness of between about 200 and 5000

Angstroms.

In the conventional dual damascene process, a
dual damascene opening is etched through the first and second

dielectric layers, the etch stop layer and the passivation
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then filled with 4 barrier metal | ayer 25 and a copper |ayer 26, as shown
in Fig. 2, by any of the conventional neans, including physical or
chem cal vapor deposition and etchback or polishing or electroless -
pl ating, and so on. A final passivation |layer 30 conpletes the
metal | i zati on process. Now, the novel dielectric
materials of the present invention will be described. To function as a

barrier | aygfed SUNLIRS diRs OV AHeOvardRis ECheniele stichi agntrieashd fimisay,i al
shoul d not contain Si-O bonds since copper is known to diffuse into
silicon divaa-dEirsihe omvendesided rvdanse The doedl ddmakseenei opentiegi dls havi ng
a low dielectric constant that can be used for the passivation |ayer or
for the et@hen sibbledyeitivra tharnier gstiadndlavexptngndape COPPRE AGVEr
dielectric material can be used for either_ the passivation_  or etch stop

layers anc$r F2rHMMR it Hist-h.2 TRYs 3Rt & dihe FRPVEBLISBA!f BP3PRe opti onal
T8 1 st inrorEine PRYBA i reTiRa o vaBeth, CePRRLPEn g EHEBBRHoped
can' be degfh HEK B S RGeS BAG g GPOe G0 PPrut b LA a8
or ganosi | FRSLTATACT ARWTE 19, PWISHI ey neboraiatira PR e Bbnet ant of
probably between about 3 and 6.
Now, the novel dielectric materials of the

present invention will be described. To function as a

barrier layer (such as passivation layef 16), the silicon

based material should not contain Si-O bonds since copper is

known to diffuse into silicon dioxide. The inventors propose

~a novel dielectric'maferial having a low dielectric constant

that can be used for the passivation layer or for the etch

stop layer or for the optional capping layer. The novel

dielectric material can be used for either the passivation

or etch stop layers and preferably for both. This material

may be used for the optional capping layer and should be used

for the final passivation layer 30.

In a first preferred embodiment of the present
invention, a carbon-doped silicon nitride film is proposed.
The carbon-doped silicon nitride film can be deposited by

PECVD from a combination of substituted ammonia precursors
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One or nore of the substituted ammoni a precursors may be conbined mﬁtﬁ one
or nore of the substituted organosil anes. The
substituted amoni a precursors include: NH3 (ammonia), Herr] N-NHerr]
(hydrazine), Herr]NNHCH err] (methyl hydrazine), Herr] C=NNH err]
(hydrazone), and Herr] C=NNHCH err] (et hyl hydrazone).
The substituted organosilanes are all liquids and include the follow ng
gr oups: i) RSIH3 where R = CH err] (nmethylsilane), (Jerr]Herr]
(et hyl si | aamd , s@pstitefedrdrganopilanesne)ThiHesul by cinr |aCHigim |having
(i sopropylsilane), (ferr]Herr] (butylsilane), Clerr]Herr] (phenylsrlane)
Cerr] H[era]l@pe@wlectan@) cogftant Hpérm]ml&y |peiaery|aliguine ;and 6.
i1) (R2SiH2 where R = CH3 édrrrethlsrlane C2H5 (diethylsil ane

err] H er¥e (9F pPk§I of | &R )su?%${EPFT§[%WW?Q}ﬂEQF?CUR§R %ﬂﬂﬁ%) sil ane):

R Si H R = CH th
(111 et byl FPARLmed CaEEn oo St hpte |of B8 Yufen g gy ﬁef dles.
(triisopropylsilane);
iv) (R[err]Si where R= CHerr] (tetranmethylsilane), C[err]H[err]

(tetraethylsilane), H errifeCubsel taVeAYVARMSRE)prdherddLs G dd]
NHs (ammonia), HzaN-NH= (hydrazine), Hz=N-NHCH=
(methylhydrazine), Hz2C=NNH= (hydrazone), and Hz=C=NNHCH=

(methylhydrazone).

The substituted organosilanes are all liquids
and include the following groups:
i) RSiH= where R = CHs (methylsilane), C=zHs
(ethylsilane), CaH- (propylsilane), (CHz)=CH=z
(isopropylsilane), CaHs (butylsilane), CesHs (phenylsilane),

CsHaai (pentylsilane), CsHsCH= (benzylsilane);

ii) (R)=2SiHz where R = CHs (dimethylsilane), CzHs
(diethylsilane), CsH-» (dipropylsilane), (CHsz)=CH=

(diisopropylsilane);

iii) (R)2SiH where R = CHz (trimethylsilane), C=zHs
(triethylsilane), CsH- (tripropylsilane), (CHz)=CH=

(triisopropylsilane);



(tetraal lylsilane); ' v) RSIH(CH err])[err] mhere R = (derr]Herr]
(di met hyl et hyl sil ane), C3H7 (di nethyl propyl sil ane), (CH3)2CH

(di met hyl i sopropyl silane), (CH3)3C (t-butyldimethylsilane), Clerr]Herr]

( di met.Hyl phenyl si | ane), C[err]H[érr] (cycl ohexyl di met hyl si | ane) ;

vi) RSiH(Cerr]Herr])[err] where R= CHerr] (diethylnethylsilane);

vii) RSIi(CHerr])[err] where R {err]Herr] (trinethylethylsilane),
Cerr]Herr] (trimethylpropylsilane), (CHerr])[err]CHerr
(trinethylisopraépyl §R)ald) W geFérR]H[ﬁﬁb](Fpﬁﬁﬁ?ﬁthYLﬁ'L§n§%baﬁe?s
Cerr]Herr CH errgﬁgbenz Itrlneth | silane), H2C=

(trlnethyl& ﬁ$F§PF FllﬁPSQP]EL [éﬁPFrPHPP¥F§FFﬁ%thI§?$aﬁ%§H2 HJ err]C

trimeth HC=CCH UEECARRRIY
O er 1} ( U EPFpPSTTEAERRR et iyt 511 1) T hesyney o)
CH[err](CH[err])[err]C[err]c ((trinmethylsilyl)-1-pentyne); vii)

RS (CH3) 2 where R = C[err]H[err] (dinethyldiethylsilane) C3H7

(di met hyl di prop (CH er : ”

(dlnEthyldIISOp¥gpyﬁagﬁgﬁé err CFL PLmFEhXFFtPﬁ}ﬁ%%ﬁ9F%r|§ﬁ5.

9 (dlmethylpropy131lan£be %Eh@@hbﬁt?Q1ﬁégﬁ99§éb§96§yﬂgilgﬁeﬁE0”‘One
(CHz)2C (t-butyldimethylsilane), CeHs (dimethylphenylsilane),

CeHix (cyclohexyldimethylsilane);
yi) RSiH(CzHs )= where R = CHz (diethylmethylsilane);

vii) RSi(CHs)= where R = CzHs (trimethylethylsilane),
CsHz (trimethylpropylsilane), (CHa)zcﬁz o
(t;imethylisopropylsilane), CsHs (phenyltrimethylsilane),
CsHsCH= (benzyltrimethylsilane), H=C=CH
(trimethylvinylsilane), Hz=C=CHCH= (allylfrimethylsilane),
HC=C ((trimethylsilyl)acetylene), HC=CCH=
(propargyltrimethylsilane), CHa(CH=2)2C=C ((trimethylsilyl)-1-
hexyne), CHz(CH=z)3C=C ((trimethylsilyl)-1l-pentyne);

viii)\RSi(CHs)z where R = Cz2Hs (dimethyldiethylsilane),
CaH-» (dimethyldipropylsilane), (CHs)=2CH=
(dimethyldiisopropylsilane), Hz=C=CHCH=
(diallyldimethylsilane).
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or nore of the groups i-viii. , / During the reaction to
formthe carbon-doped silicon nitride film gases flowing into the PECVD
chanber may include one of nore of: nitrogen, hydrogen, helium and
ar.gon. . These gases act as carrier or diluent gases, although nitrogen and
hydrogen may be involved in the reaction. Flow rates are typically from
50 to 10,000 sccm Alternatively, in a second preferred
enbodi ment of the present invention, a silicon-carbide type mat eri al may

be formed by PECVD of onlynd hsupsstistitidd @ gandsdanass! aagsbewfirbamubnihe
substituted amoni a precursors). In this case, the resulting filmhas a

di el ectri oanstandf othe deduwen-akdut, 3 to 6.5. This filmis also used as
t he passivation or etch stop |ayer or the optional capping |ayer. One
or nore than one substituted organosilane may be used, but one is
preferable. In a third preferred enbodi nrent of the
present  invention, the PuRing |the diedatdon tocdedrahengegPrR-dgPeche

i nvention can be used for the dielectrjc layers 18 and or.the
appl i cat i oh-H<COP BT i FA5FRY drowiEG Ante tg&nﬁﬁ%ﬁBl@ fIcopper,

h f bsti d . . 1Q
or ganos: | s HRELRIRPRBVE MR RF 1 UFRAP RIS b fum, 20d

argon. These gases act as carrier or diluent gases, although
nitrogen and hydrogen may be involved in the reaction. Flow

rates are typically from 50 to 10,000 sccm.

Alternatively, in a second preferred
embodiment of the present invention, a silicon-carbide type
material may be formed by PECVD of only the substituted
organosilanes (without the substituted ammonia précursors).
In this case, the resulting film has a dielectric constant of
between about 3 to 6.5. This film is also used as the
passivation or etch stop layer or the optional capping layer.
One or more than one substituted organosilane may be used,

but one is preferable.

In a third preferred embodiment of the present
invention, the novel low dielectric constant material of the
invention can be used for the dielectric layers 18 and 22.
For the application as a low dielectric constant material

compatible with copper, the same set of substituted

10



one of the follow ng nitrogen-ébntaining precursors: NO (nitric oxide),
N20 (nitrous oxide), Nerr]derr] (nitrogen dioxide), and N20/NF3 in a

PECVD reaction. The dielectric constant of the resulting filmwll be |ess
than 3. One or nore than one substituted organosilane may be used, but one
is preferable. The invention further proposes an

integrated approach to using the novel |ow dielectric constant naterials
detail ed above. The integrated approach involves the use of the sane

equl DT L to g1 LAt A BE0Sh BSR, o E°UALE an BSEAIRAYLI"T >
i nt t ed h, ing to Fig. 1 i vat.| | . 16,
0L S SRRECREL L1 LR Eith- oo BRI 9 ccona
erood Jn} 5y E0MReRed D" fcfohs pote [ ouidt s BEERA Smatkaty (e

0 the SagigqokagpeFaOni @ Prdvh! £E80L 0ENATRAL o scdiftedlialant rée |aver

conprises the novel Iow dielectric constant nateri described 1 n the

third enprédi Fe8h18ingh€ilMVRI10Pe less than 3. One or more e ohée
wafer is noved to another chanber 36 where the first dielectric |ayer 18

is cured subsehtueed| ergafibs ihané omagnse fysdde Blite! ®nd ris pwdfatathle Thi s
curing is by rapid thermal annealing (RTA) under the follow ng conditions:
tenperature 100-500 C, duration 10-300 seconds, ranp rate: 10-100 C per
second, gas: Nerr], A, Nerr]/Herr], gas flow 500-

The invention further proposes an integrated
approach to using the novel low dielectric constant materials
detailed above. The integrated approach involves the use of

the same equipment for forming the passivation, dielectric,

and etch stop layers. The equipment 30 is illustrated in

Fig. 3.

In the integrated approach, referring to Fig.
1, passivation layer 16 is deposited by one of the PECVD
methods described in the first and second embodiments.
Chamber 32 in Fig. 3 is used for this deposition. Next, the
first dielectric layer 18 is deposited 34 using the same
equipment either in the same ch;mber or in a different
chamber. This first dieleqtric layer comprises the novel low
dielectric constant material described in the third

embodiment of the invention.

11



10,000 sccm Next, the etch stop layer 20 is dep05|ted 38 u5|ng t he net hod
described in the first or second enbodi nent of the invention.

The second dielectric layer 22 is.deposited 40 The second dietectric |ayer
conprises the novel low dielectric-constant nmaterial described in the
third enbodinment of the invention. The wafer is noved to chanber 42 where
the second dielectric layer 22 is cured to renove H[err]O and to densify

the dielectric material,_as detailed_ abpve for_the fir di ric,layer.
The novel |ow di eI ect ri cNE¥hst Bhe wRfer1f Jnoyed (i ?ﬂ% el?ﬁ'f& 1fo:#scan

b df h h | |
'n the duﬁfxet niBEe R ek Rl Y TP OE ot e hea A R o St op
|ayers aggal bp aemeg' 1GPRLOG0LEYEE ALeLDESDY CSRte | WIS Of a5p T OT el

by PECVD o t|tu ed ammoni a precursors an st1tuted organosil anes

to for”1ar8ﬁiéoﬁhé9ﬂﬁd §hhé59§ng (RTA% under the following conditides:
nitride filmhaving a dielectric constant of about 3 to 6. Alternatively,

a siliconteapbirdeukiel M00BB0DE=COr ARHatiSHAI100BOY $ECORADStITdmp elate:
organosil anes resulting in a filmwth a dielectric constant of about 3 to

6.5. Bot hiofklbbese pewt eecoha, dgasot Nk NCRF PONAIE= Sigasofllel 0X50@- and so are
good

10,000 sccm. Next, the etch stop layer 20 is deposited 38

using the method described in the first or second embodiment

of the invention.

The second dielectric layer 22 is deposited 40
The second dielectric layer comprises the novel low
dielectric constant material described in the third
embodiment of the invention. The wafer is moved to chamber
42 where the second dielectric layer 22 is cured to remove
H=0 and to densify the dielecfric material, as detailed

above for the first dielectric layer.

The novel low dielectric constant materials of
the present invention can be used for the passivation layer,
etch stop 1§yer, and dielectric layers in the dual damascene
metallization process. The passivation and etch stop layers
and the optional capping layer of the present invention are
formed by PECVD of substituted ammonia precursors and

substituted organosilanes to form a carbon~doped silicon

12
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barriers to copper diffusion. The dieIectr?E | ayer of the present
I nvention is formed by reacting the substituted organosilane precursors
Wi th nitrogen-cont.ai ning precursors to obtain a filmhaving a dielectric
constant of less than 3. This material has a very |l ow dielectric constant
which is preferred for the dielectric |ayer. The process
of the present invention also provides an integrated approach to using the
novel low dielectric constant materials in the dual danascene process.
Wil e the invention has been particularly shown and descri%ed Wit h
ref er encaieridr Hibr RFEHNg hifbir laghaiq ransdant ofyaboute 3,§9ePst ood by
those skilled in the art that various changes in form and details nay be
made wi { FARCTRARITE T 13 0P HHRONTHIARA e 1 Fia¥o Do HETmER, SRargn.

13 c?ré]y%rthe subsg‘éﬂ%@d.oréganc}sifén@ hroe%uggzci{nl(yn 'Iinn% %iq.imekv‘rigt%r iaC

mat eri al CORprisi ng. r g one or no

subst | { ul gtk FURDN @ QEECHLSOTSE aboyt AALNE N Heh DTheL! e

organosi l anes 1 n a plasna- nhanced chem cal position chanber ‘to
form sai dpaterials do not incorporate silicon dioxide and so are good

barriers to copper diffusion. The dielectric layer of the
present invention is formed by reacting the substituted
organosilane precursors with nitrogen-containing precursors
to obtain a film having a dielectric constant of less than 3.
This material has a very low dielectric constant which is

preferred for the dielectric layer.

The process of the present invention also
provides an integrated approcach to using the novel low

dielectric constant materials in the dual damascene process.

While the invention has been particularly

shown and described with reference to the preferred

enmbodiments thereocf, it will be understood by those skilled
in the art that various changes in form and details may be
made without departing from the spirit and scope of the

invention.
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LR A

dielectric material. -2...The nethod according to Clarnrl further
conpri si ng flomrng e more of the gases in the group

cont ai ni ng: nitrogen, hyd @u wﬂl‘ﬂuﬂmgmd argon during sai d
reacting step. ding to daiml-wherein said
substituted ammoni a precursors are "chdseh from the group cont ai ni ng:
NH err] (amon-ia), err]N-NH[err] (hydrazine), Herr] N NHCH[ er r ]

(et hyl hydr azi ne), ghydrazone) and. 5 H2C=NNHCH] er r ]
(nethylhydrazine%. method4 tTheTRiPEo8 dieoratLryCt BREPEIAL 11 9W.Fei n said
substituted organgsilanes are chosen fromthe group cont ai ni ng:

1) RSIiH err] mhngmﬂrlséﬁPérr] (methylsilane), CJerr]Herr] 5

(Fsopropyl o1 ane) . & &veFeras Pagy E?iyr“agﬁéﬁ‘érgég{é{%ferrﬁ@%%c"rs“s
(phenyl Siane) , ghar bhil B hok 8eBEKLE 4 taRed: oPbaRbel LhebET 1) S Sitkna.

benzyl si ere R =

CH[err] (di get hybﬁhhﬁl&@h cﬁbﬁ&&h*ﬂ[ 8 Cgbs&%n éﬂhﬁﬁ@i"fé' flaﬁ}l s&3H7

(di propylsilane), or (CHerr])[err] err (di 1 sopropylsilane),
iii) (R3SiH WheaQeReétGHhemakeggannethyIsrIane) Clerr]Herr]

2. The method according to Claim 1 further comprising
flowing one or more of the gases in the group
containing: nitrogen, hydrogen, helium, and argon during

said reacting step.

'3. The method according to Claim 1-wherein said
substituted ammonia precursors are chosen from the grﬁup
containing: NHa (ammonia), Hz=N-NHz (hydrazine), H=N-
NHCH=z (methylhydrazine), H2C=NNH=> (hydrazone), and

5 H=C=NNHCHs (methylhydrazine).

4. The method according to Claim 1 wherein said
substituted organosilanes are chosen from the group :
containing:
:i) RSiHs where R = CHa (methylsilane), C=zHs
5 (ethylsilane), CaH-» (propylsilane), (CHa)=CHz
(isopropylsilane), CaHso (butylsilané), CesHs

(phenylsilane), CsHaa (pentylsilane), or CesHsCH=

14



/
(triethylsilane), C3H7 (tripropylsila,ne),_o{ (CHerr])[err]CH err]
(triisopropylsilaneg), 15 "~ ~~iv) (R[err]Si where R = CH3

(tetramet hyl sil (tetraethyl silane), H2C=CH T
(tetravinylsil aﬁmmlﬂml"m ,m@m =CHCH2 (tetraallylsilane), V)
RSIH(CH err])[err{ where S C«err]Herr] (dinethylethylsilane),

Cerr]Herr] (dinethyl propylsilane), (CHerr])[err]CH 20

(di met hyl i sopropyl silane), (CH3)3C (t-butyl di met hyl sil ane),
Cerr]H err] (dinethylphenylsilane), or err]Herr]

(cyclohexyldlUgéﬁybgghgaﬁéP vi) RSiH(C[err]H err])[err] where
R =CHerr] di et hy nethyIS|Iane) 25 vii) RSIi(CH err])[err]

where R = Jerr]H gal)] (R) 2SiH=(WhbfBt RYL ety | cadmenenyl <3 eird H| edils
(trimethyl propyl sil ane), (CHerr])[err]CH err]
(trinethyDi sopdmﬁyhyﬂsaﬂle?le)C[@ﬁli}l—l[éxp:}opyls:.lax(@hergn t(GHeX4GH=si | ane),
Cerr]Herr]CH err] SbenzyltrlnethyIS|Iane) Herr]Cerr]CH
(trinmethyl ving 3F$9§§Ppyl§® anHPerr]C;CHCH[err] (aIIyItrlnethyIS|Iane)
HC[ err] C (trinethylsily %‘acet | ene HC=CCH[ .e %
(propargyltrlnethyF%FDaﬁB¥3S€ﬁ[E predkerf 7[%??}@$¥ﬂ¥ﬁ lane), CzHs

t hyl si

CH[ err] (CH er #FHEFP}’&F%F‘?EF C3H7 “\4{%1??? %’rﬁ%‘rw )25 - (A=
35 Vil | F§§| gg%gagy(%l)&égr r where R = (err]Herr]

(dlnethyldletﬁy ﬁethyldlpropyIS|Iane)
(CHerrlager] CH epl%e)m 785 NyehdbL SRPL OBY) St &0 me Qy H S dd O d R &7 1 ]

(diall'yl di met hyl si
(tetraethylsilane), H=C=CH (tetravinylsilane), or
H=C=CHCH= (tetraallyléilane),
v) RSiH(CHz)= where R = CzHs (dimethylethylsilane),
CzH~» (dimethylpropylsilane), (CHa)=CH
20 {dimethylisopropylsilane), (CHsz)=C
{t-butyldimethylsilane), CsHs (dimethylphenylsilane),
or CeHaiz (cyclohexyldimethylsilane),
vi) RSiH(CzHs)= where R = CHs
(diethylmethylsilane),
25 vii) RSi(CHa)z where R = CzHs
(trimethylethylsilane),: CsH~ (trimethylpropylsilane),
(CHa )=2CH=z (trimethylisopropylsilane), CsHs.
(phenyltrimethylsilane), CeHsCHa
(benzyltrimethylsilane), Hz2C=CH (trimethylvinylsilane),
30 H>C=CHCH= (allyltrimethylsilane),-HCEC
((trimethylsilyl)acetylene), HC=CCHz

(propargyltrimethylsilane), CHa(CH=z)aC=C

15
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1 \\\
/ 5. The method according to Cl ai-ml-wherein said dielectric

materi al has a d|eI nt of between 3 and 6.

6. A nethod of for mﬂHm;iﬂﬁmi d silicon nitride dielectric material
| ayer conpri sing: * t| ng one or nore substituted amoni a

precursors and one or nDre substituted organosilanes in a plasna-

5 enhanced chem cal deposition chanber to formsaid car bon- doped
silicon nitride dielectric naterial 7. The nethod according to

Caimé6 further \M o _he gases in the
group é§f§iﬁ%%¥%f (% @% %ﬁ'KEﬁggng—grgon during
sai d reacting st _ h Egﬁ%@ age@rding to Caimé6 wherein
sai d sub ﬁlﬁeﬁPYISl Rﬁg E’S%ur org a%é%bhosen fromthe group

16 ﬁjgﬁwﬂéﬂ mpilga) ., HZN-NH2 (hydrazi ne),

Herr] N 33 NHCH[err] (net(‘rqﬁi ydrazi ne), H[err]C;NNH[err] (hydrazone),
and 5 H err ]@Wﬁf&tﬂﬁﬁl@éﬂ&dr FLHE)(dimethy1dipFop¥1e ikintod

according to Claim6 wherein said substituted organosil anes are
chosen fromthe (@HWRCH= (dimethyldiisopropylsilane), or Hz=C=CHCH:

(diallyldimethylsilane).

5. The method according to Claim 1 wherein said
dielectric material has a dielectric constant of between

3 and 6.

6. A method of forming a carbon-doped silicon nitride

dielectric material layer comprising: -
reacting one or more substituted ammonia precursors

and one or more substituted organosilanes in a plasma-

5 enhanced chemical deposition chamber to férm said

carbon-doped silicon nitride dielectric material.

7. The method according to Claim 6 further comprising
flowing one or more of the gases in the group
containing: nitrogen, hydrogen, helium, and argon during

said reacting step.

8. The method according to Claim 6 wherein said

substituted ammonia precursors are chosen from the group

16



: z
cont ai ni ng: 1) RSIH3 where R = CH[err] (nethylsrlane)
CerrJHerr] 5 (ethyl silane), C3H7 (propylsilane), ( CH3)2CH2

(i sopropylsilane), Clerr]H err] (butylsilane), C[err]H[er YN&
(phenylsilane), CJerr]Herr] (pentylsilane), or (er

(benzyl sil ane), i) (R[err]SiHerr] %\ erﬂ
(dimethylsilane), Cerr]JHerr] 10 (di et hyl sil ane), érr]H[err]

(di propylsilane), or (CHerr])[err]CH err] (diisopropylsilane),
iii) (R[err]SiH where R=CHerr] (trimethylsilane), Cerr]Herr]
(triet hy'S"ane);on@L%&kgLeﬁﬁL (5&@8599;' snémeﬁ Oy d SRR HaN-

(triisopropylsilane) [err]Si where R = err]
(tetramethyl sil gaehs @{nérchwh@ar:hzme), nitetnmet (v std21e9), Hd{o-CH
(tetravinylsilane), or Herr] CCHCH err] (tetraallylsilane),

v) RSi H( CHBer r | He€=NNI@Har é nRthyChedrakiine)] (di net hyl et hyl sil ane),
Cerr]Herr] (dinethyl propylsilane), (CHerr])[err]CH 20
(di met hyl i sopropyl sil ane), (CH[err])[err]C (t-butyl di met hyl si | ane),
C[err]H[err] (drnethylphenylsrlane

. Thecps.thprﬂr[ épppreeper BReKYR M n@twmgﬁrr%@ld
vi) RSiH(C[err]H r rr] where R = dreth nmet hyl si | ane
25) I 8| PRBRRpSARBRES KAEe LpappsRy B10R the groud )
(trimethyl et hyl si Clerr]Herr] (trimethylpropylsilane),
(CH[err])[err]CﬁPB% PPrnethylrsopropylsrlane) Cerr]Herr]

i) RSiHs where R = CHs (methylsilane), CzHs
5 (ethylsilane), CaH-» (propylsilane), (CH=)=CH=
(isopropylsilane), CaHs (butylsilane), CsHs
(phenylsilane), CsHaa (pentylsilane), or CeHsCH=
(benzylsilane),
ii) (R)=SiHz= where R = CH= (dimethyisilane), C;Hs
10 (diethylsilane), CsH-» (dipropylsilane), or (CHs)=z=CH=
(diisopropylsilane), .

iii) (R)=SiH where R = CHs (trimethylsilane), C=Hs
(triethylsilane), CsH- (tripropylsilane), or (CHs)=CH=
(triisopropylsilane),

15 iv) (R)aSi where R = CHs (tetramethylsilane), CzHs
{tetraethylsilane), H=C=CH (tetrav1nylsllane), or
H=C= CHCHz (tetraallylsilane),

v) RSiH{CH=)= where R = CzHs (dimethylethylsilane),

CaH» (dimethylpropylsilane), (CHs)=CH
ZO (dimethylisopropylsilane), (CHz)=sC

(t-butyldimethylsilane), CsHs (dimethylphenylsilane), or

17



(bhenyltri?@Thylsilane), Cerr]Herr]CH err]
(benzyltrinmethylsilane), H2C=CH (tri nethyl vinyl sil ane).,- 30"~ HZC-CHCHZ

el aaen] o (propar oyl tri methyl silane) “}@ﬂm‘\“ﬂ\r} \\

CHerr](CHerr])[err](err]C ((trlnethyI5|IyI) yne) " o
CHerr](CHerr])[err]derr]C ((trinethylsilyl)-1-pentyne), and 35
viii) RS (CH3)2 where R = (Jerr]Herr] (di net hyl di et hyl si | ane),
Cerr]Herr] (di yI I prqpyl si l.ane), [err])[err]CH err]

(di met hyl di i sopr S | éﬁ’ ci %%éﬂé%ﬁzl“lang?*(d. al 1 yl di net hyl si | ane).
10. The met hod accordln re|n sal car bon- doped
silicon nitride diel ectr’ ?%%g(wag eHa. el ectric constant of

bet ween 3 and 6. d of formng a silicon-carbide
) ; (dlﬁﬁqy qéﬁh g%ﬂﬁ%%%

dielectric r'i si ng: reacting one or
more substi g ed orgaqgg]l h = CoH

18 pl asna en ance ghgﬁfhgl desogition chanber to form
said 5 si | i cqGaiddmia i 186! dne TRICEH-Al(trimethylprédylEheanyhod
according to CGaim1ll further conprising flowi ng one or nore of the

gases in the groufHs=)=CH= qaitiaethyd isvipropyasilapdnogerlshel i um and argon
during {phenyltrimethylsilane), CsHsCH=
(benzyltrimethylsilane), H=C=CH (trimethylvinylsilane},
30 H=C=CHCH= (allyltrimethylsilane), HC=C
((trimethylsilyl)acetylene), HC=CCH=
(propargyltrimethylsilane), CHs(CHz)aCEC’
((trimethylsilyl)-1~hexyne), or CHz(CH=z=)sC=C
™ ((trimézhylsilyl)—i—pentyne), and
35 viii) RSi(CHsz)= where R = CzHs
. (dimethyldiethylsilane), CzH~» (dimethyldipropylsilane),
(CHz)=CH= (dimethyldiisopropylsilane), or H2C=CHCH=

(diallyldimethylsilane).

10. The method according to Claim 6 wherein said carbon-
doped silicon nitride dielectric material has a

dielectric constant of between 3 and 6.
11. A method of forming a silicon-carbide dielectric

material layer comprising:

reacting one or more substituted organosilanes in a

18



AS N }

ald reacting step. 13. The nmet hod accordi ng to__ _al-m-T1- mhereln

sai d substituted organosilanes are chosen fromthe
cont ai ni ng: i) RSiHerr] where R = CH[e ﬂﬁ ‘ﬁ\s\“\“ﬁ“}
Clerr]Herr] 5 (ethylsilane), Cerr]Herr] (prop

(CHerr])[err]CH err] (1 sopropyl sil ane), C[err]F{e?r] (butyI5|Iane)
Cerr]JHerr] (phenylsilane), Cerr]J]Herr] (pentylsilane), or
Cerr]JHerr]CH err] (benzyl sil ane), i)
(Rf[err]SiHerr] where R = Lmﬂ (dinmethylsilane), Cerr]Herr]

(di et hyl si | ane)pPlapnarerhaned (thmml depemition ¢Mkes |4g eﬁqqm%%ﬂ
(dllsoprongS|Iane %r%R ) 3Si H where R = CH err]

{(trimethyl |Ian%}llﬁ?%rF?Ffé??]dlelec ¢ PREPSA_E ane), err]Herr]
(tripropylsilane), or (CHerr])[err]CH err] (triisopropylsilane),
15 iv) (Rferr]Si where R = CHerr] (tetranethylsilane),

Qerrler] 17 ThEChERRbBVLSELAREL, £ EIAGROIY (etom udidd f0RYg ©

H C=CHCH tet
1[9err] [err etraa e ) 1 Whs ﬁ% Gerr]Herr]
ow1?g one o¥ errk§f}¥ ? %déég n

(dlnethylethyIS|Iane nethylpropyI5|Iane)

(CH[err])[err]CEbn%anlﬁQ'”ﬁi€¥b éﬁprﬁ? 3+ShbRNehel { Ghi3) Bia argon during
(t-butyldinmethylsilane), Cerr]Herr] dlnethylphenyIS|Iane)

Clerr]H err] (cyaiahesytdingt syépil ane), Vi)
RSSH Cerr]Herr])[err] where R= CHerr]
13. The method according to Claim 11 wherein said
substituted organosilanes are chosen from the group
containing:
i) RSiHs where R = CHa (methylsilane), CzHs
S (ethylsilane); CaH-> (propylsilane), (CHz)=CH=
(isopropylsilane), CaHo (butylsilane), Cels
(phenylsilane), CsHiax (pentylsilane), or Csﬁ5CHz
(benzylsilane),
ii) (R)=SiH= where R = CHs (dimethylsilane), CzHs
10 {diethylsilane), CsH- (dipropylsilane), or {(CHs)=CH=
(diisopropylsilane),
iii) (R)=SiH where R = CHs (trimethylsilane), CaHs
(triethylsilane), CsH- (tripropylsilane), or (CHsz)=CH=
(triisopropylsilane),
15 iv) (R)4Si where R = CHs (tetramethylsilane), C=zHs
(tetraethylsilane), H=C=CH (tetravinylsilane), or

H=>C=CHCH= (tetraallylsilane),

19



) 4" .
(di ethyl methylsilane), 25 - vii) RSl(CH[err])[err] where-R-=....
Cerr]Herr] (trimethylethylsilane), Cerr]JHerr]

(rimthylpropylsilane) = . ol0)2G2 (trimethylisoprop iﬂﬂlﬂWllmmmum

(benzyltr.inmethylsilane), Herr] C=CH (trinethylvinylsilane), 30

H2C=CHCH2 (allyltrimethylsilane), H(err]C

((trinmethylsilyl)acetylene), HCJerr] CCH err]

(propargyltrimethylsilane), CHerr](CHerr])[err]Cerr]C
((trinmethylsilyl)-1-hexyne), or CHerr](CHerr])[err](err]C
((trinethylsilyl)-3$)pastifieta)andhedd R = CzHsVv{dijeByl&tByPsivbane)R =
C2H5 (di net hyl di et hyl sil ane), C3H7 (di net hyl di propyl sil ane),

(CH err]) [ err FeHre(dimedhgdphppbdissbpnepy| 6CHaheFH or H err] C=CHCH err]
(diall'yldimethylsilane). 14. The method according to Caim1ll
wherein 2&id (dlmethylﬂﬁ@ﬁﬁoﬁxi§iéén§0eIé@ﬁ#ﬂecnaterlal has a dielectric
constant of between 3 and 20
15. A met hod éF“PBFNﬂH@mstBVéFé&?PP& nBelsi Gfimethylphenylsilgne)., or
reacting a nitys en con nin re ot ,and,. one or nore substituted
organ05|lanesEi a 6F3§#§ 8#ﬁ§ﬂ§8&gﬁgi51léﬂ8hfca| deposition chanber to

form said dleleCtrbﬁ) RSlH(%ghESLa%here R = CHs
(diethylmethylsilane),

25 vii) RSi(CHz)= where R = CzHs
(trimethylethylsilane), CsH» (trimethylpropylsilane),
(CHa)2CH= (trimethylisopropylsilane), CeHs
{phenyltrimethylsilane), CesHsCH=
(benzyltrimethylsilane), H=C=CH (trimethylvinylsilane),

30 H>C=CHCH=> (allyltrimethylsilane), HC=C
((trimethylsilyl)acetylene), HC=CCH=
(propargyltrimethYlsiiane), CH=(CH=2)sC=C
((trimethylsilyl)-1-hexyne), or CHs(CH=)s3C=C
((trimethylsilyl)-l-pentyne), and

35 viii) RSi(CHz)= where R = C=zHs
(dimethyldiethylsilane), CsH» (dimethyldipropylsilane),
(CH=2)=2CH= (dimethyldiisopropylsilane), or Hz=C=CHCH=

(diallyldimethylsilane).
14. The method according to Claim 11 wherein said

silicon-carbide dielectric material has a dielectric

constant of between 3 and 6.5.

20



16. The met hod according to Caim 15 wherein said ni trogen-c ng
precursor is chosen fromthe group cont ai ni ng: Ncmmmm ﬂ%ﬁ“
Nerr]O (nitrous oxide), Nerr]Jerr] (nitrogen d

Nerr] O NF[err]. 17. The method according to d alfm%5’" mhereln sald

substituted organosil anes are chosen fromthe group cont ai ni ng:
i) RSIH3 where R = CH3 (nethylsilane), Cerr]J]Herr] 5 (et hyl silane),
Cerr]Herr] (propylsilane), (CHerr])[err]CHerr]

(isopropylsilanelg.Chemeihbar 6f f@y&.yh?l dadfdlebiric Ind@irial
(phenyl sil ane), C[err]H[err] (pentylsilTane), or Clerr]Herr]CH err]

(benzyl sil ane), comprising: ii) (R)[err]SlH[err] where R = CH3
(dimethylsilane), Cferr]Herr] 10 (diethylsilane), (Jferr]Herr]

(di propyl silane), or FERf in?)Peﬁl}(?ﬂ@@r?ontalnlnqdPt%QHﬁ%R@W%ﬁ¢eﬁﬁs or
iii) (R3SiHwhere R = trinethylsilane), qew]iew

(triethylsiIane)m°€$e$ﬂPF$é%ﬂFe@t@F%@%@§1%¢¢%ﬁe§n drelagmyenpanced

21 t Isil 2 s -
CH err] (teﬁraneph9m§pgih§;55§£ ;giksgggwer Lo f°¥me$¢é% &&% err]Si where

WaﬂC@HUarwmelwa or H err] C=CHCH[ err]
(tetraal | yl sil an@gterial. v) RSiH(CH3)2 where R = CJerr]Herr]
(di net hyl et hyl si | ane), Cerr]H err] (dinethylpropylsilane),
(CHerr])[err]CH 20 (di met hyli sopropylsilane), (CHerr])[err]C

16. The method according to Claim 15 wherein said
nitrogen-containing precursor is chosen from the group
containing: NO (nitric oxide), N20 (nitrous oxide), N=20a4

(nitrogen dioxide), and N=O/NFa.

17. The method according to Claim 15 wherein said -
substitufed organosilanes are chosen from the group
containing:
.i) RSiHs where R = CH= (methylsilane), CzHs
5 (ethylsilane), CsH» (propylsilane), (CHs)=CH=
(isopropylsilane), CaHs (butylsilane), CeHs
(phenylsilane), CsHiax (pentylsilane), or CsHsCH=
(benzylsilane),
ii) (R)2SiHz> where R = CHs (dimethylsilane), C=zHs
10 (diethylsilane), CzH- (dipropylsilane), or (CHs)=CHz2
(diisopropylsilane),
iii) (R)=SiH where R = CHz (trimethylsilane), C=Hs

{triethylsilane), CaH-» (tripropylsilane), or (CHz)=CH=

21



. g . -
(t-butyl dinethylsilane),” ‘t[err] H err] . (di net hyl phenyl 5| | ane)
Clerr]H err] (cycl ohexyl di nethylsilane), -

i) R (O 5 here R Seer el i ﬂ[li\ﬂ\lﬂl“ﬂ“ﬂl\l ml" Gy

(trimethyl propyl sil ane), (CH3)2CH2 (trinet hyH sopr epylsit ane),
Cerr]Herr] (phenyltrirrethyIsHane) Cerr]Herr]CHerr]

(benzyl tri met hy ﬁ?ﬁﬁé Yy met hyl vi nyl silane), 30
H[err]C—CHCH[err] (aIIytrlrret l‘szane) HC err] C

((trinethyisilyl)aceiy) er).siiGhedFd GEH @] (tetramethylsilane), C=Hs
(propargyltrimethylsilane), CHerr](CHerr])[err]Cerr]C

((trimethylsily{fefirderyyEsilaie CHEC]CHCH rtrdaimyllsGlamne)C or
((tr| met hyl silyl)-1-pentyne), and 35 viii) RSi(CHerr])[err] where

= C[ err] H er rf=C= CHCHz(GtﬂEIleai‘Mrm],ane) Clerr]Herr]
(d| t hyl di propyl si | ane (CH err])[er
(di met hyl di i sopr opy! ¥} I%&%blﬂc%?)ﬂ[ ‘ﬂ%—"%lm#lrfr](dlmethylethylsllane) ’
22

di al Iyl di met hy],sj. | a
(18. Th)é met hody %%brg‘?%ﬂePBY@’é?W]i%lm%d (g pCH diel ectric materi al

gﬁ:ladghgg trl@% fh t%§$¥éé§i%ﬁ}?q9)}t¥%hé%ﬁ9fabrica%?bnAbPE;EOd °
integrated C'rCHtle€¥i&fhethy1sffﬁﬁgi?iéﬁhs (dimethylphenylsilane), or
CsHxa (cyclohexyldimethylsilane),
vi) RSiH(Cz2Hs)= where R = CHs
(diethylmethylsilane),

25 vii) RSi(CHa)=z where R = CzHs
(trimethylethylsilane), CsH- (trimethylpropylsilane),
(CHs)zCHg;(trimethylisopropylsilane), CeHs
(phenyltrimethylsilane), CsHsCH=
(benzyltrimethylsilane), H2C=CH (trimethylvinylsilane),

30 H2C=CHCH= (allyitrimethylsilane), HC=C -
((trimethylsilyl)acetylene), HC=CCH:
(propargyltrimethylsilane), CHa(CH=)sC=C
((trimethylsilyl)-1-hexyne), or CHa(CH=z)zC=C
({(trimethylsilyl)-1-pentyne), and

35 viii) RSi(CHs)= where R = CaHs
(dimethyldiethylsilane), Csﬁv (dimethyldipropylsilane),
(CH2)=2CH=> (dimethyldiisopropylsilane), or H=C=CHCH=

(diallyldimethylsilane).
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. e J
providiﬁ@‘an I nterconnection li-ne on a 5 . sem-conductor . substrate;
depositing a passivation |ayer conprising one of t he group contai ni ng

icﬁggﬁgt ?(r)lge?af/lelrl g(l’)lg 2:';1;[ Eil ae andi nt er co?lLllelztcfgnc’ﬂ’ﬂ&ﬂﬂ"lm'"l"",m Zg:O(C)ISI ting

a first dielectric layer overlying said pa55|vat|on | dyer* wherein
said first dielectric |ayer has a dielectric constant |ess than

t hree; curing said first dielectric |ayer; t hereafter
depositing an etch stop layer conprising 15 one of the group, containing

car bon- doped si | ilfbon The mekhod accqpeing WPCGHaé&rBﬁdEhSFE%PyFﬂbdsald first

dielectric epositing.a second diel ectr | ayer
overlying said dlel%ﬁ?ﬁi%ﬁ@ﬁ?ﬁ%ﬂﬁ%‘hﬂﬁeﬁe@ﬁeQ&FGrégcﬁﬂHSH?%Fee#r%%s ayer
has 20 a dlele tr|c constant | ess than three; curing said
second dielectric ; 23

formng a dual danascene openi ng through said second dielectric

| ayer, said etch stop | ayer, said first dielectric layer, and said

passivation |ayerid o thort! &k U8 GRIMY QN cobBer QEQﬁllizataoHu%P

formng a barrier netal ayer and a copper layer n sail
damascene Open'fEkEéJEEEE&éﬁﬁiéﬁ“dk an 1d%ﬂ@%@ie@ﬁb§kbh&€t5891b8 the

fabrication of said
comprising:
providing an interconnection line on a
5 semiconductor substrate;
depositing a passivation layer comprising one of
the group containing carbon-doped silicon nitride and
silicon carbide overlying said insulating layer and said
interconnection line: | |
10 depositing a first dielectric layer overlying said
passivation layer wherein said first dielectric layer
has a dielectric constant leés than three;
curing said first dielectric layer;
thereafter depositing an etch stop layer comprising
15 one of the group containing carbon-doped silicon nitride
and silicon carbide overlying said first dielectric
layer;
depositing a second dielectric layer overlying said
etch stop layer wherein said second dielectric layer has

20 a dielectric constant less than three;

curing said second dielectric layer;
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integrated circuit device. 7 20. . The nethod according.to Cl.aim 19
wherei n sem conduct or device structures including gate el ectrodes
and associ ated source and drain regions and lelmlmnlmuﬂglﬂm :

i nterconnects are forned in and on said 5 S trate
underlying said insulating | ayer . 21.¢ The ftet fod* according to
Claim19 wherein said I nt erconnection |ine conprises copper.

22. The nmethod according to Claim19 further conprising depositing a
capping | ayer overlying said second dielectric |layer before said step

of forming said dual ind ATBSC LD Ca SR \%ﬂ S34 ,@ppgar}gil ayer
conprises 5 one o ofﬂéngroup %gﬁéalnlﬁg&%a on}g%pedggi Icon nitride
and silicon carbid€ena dielectric layer, said etch stop laydk, said

23. The nmethod according to Claim219 wherein said car bon- doped

silicon nitride f£sréorardlbytri€atayen, ol said pHssratiobstdgert ego
anmoni a precursors and one or nore substituted organosilanes in a
pl asma- enhak8ed shidi taterSonnedeposi 1ime; coairber . 24. The net hod
according to Caim23 further conprising
forming a barrier metal layer and a copper layer
within said dual damascene opening to complete said
copper metallization in the fabrication of said

integrated circuit device.

20. The method according to Claim 19 wherein

semiconductor device structures including gate

electrodes and associated source and drain regions and

aluminum~copper intercbnnects are formed in and on said
5 semiconductor substrate underlying said insulating

layer.

21. The method according to Claim 19 wherein said
interconnection line comprises copper.
22. The method according to Claim 19 further comprising
depositing a capping layver overlying said second
dielectric layer before said step of forming said dual
damascene opening wherein said capping layer comprises

5 one of the group containing carbon~doped silicon nitride

and silicon carbide.
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. J
flowi ng one or nore of the gases in the group cont ai ni ng: nitrogen,

hydr ogen, helium and argon during sai d reacting step: Com 25,
The net hod according to Caim23 wherein said |a
precursors are chosen fromthe group cont ai ni wmm m@u
Herr]NNNH err] (hydrazine), Herr]N NHCH[ er r] e),
Herr] C=NNH err] (hydrazone), and 5 H err] C=NNHCH er r]

(et hyl hydr azi ne). 26. The nmethod according to C aim 23 wherein

sai d substituted organosil anes are chosen fromthe group

cont ai ni ng: 1) RSI H3 where = CH3 (nethyl silane), err]H err]

5 (ethyl sil a3, "tﬂ%r‘\‘?@[‘@f rchqndem §~'|°I Slaim A8Hrberpipe8yiG err]
(i sopropylsilane), (err]Herr] (butyIS|Iane) C[err]ngrr]

(phenyl si | ane), “grangened sigdmon Hitaide 1§ fored) ysr Fraqtdng one

(benzyl'sil ane),

1) (R[err]S H & rﬁ\o%esf,%b%ijla%demno%wﬁﬁuﬁspgﬁe%pdcf)&er]o.g“[ &95e
(dlethyIS|Iane) éﬁfﬂﬁiéﬁrgrdéﬁdgfﬂgﬁﬁg E%F%)Pﬂ%&mgﬁﬁkﬁﬁﬁkkgeEﬁ%§&ﬂé§f]

(dllsopropyIS|Ian

(trlrrethylsslane% ,F ,%b[ (triethylsilane), Cerr]Herr]
(tripropylsilane erf{ err]CH err] (triisopropylsilane),
15

|v)(®[eH]S where R = CH3 (tetranethylsilane), Cerr]Herr]

24. The method according to Claim 23 further comprising
flowing one or more of the gases in the group
containing: nitrogen, hydrogen, helium, and argon during

said reacting step.

25. The method according to Claim 23 wherein said
substitnted ammonia precursors are chosen from the group
containing: NHz (ammonia), H=N-NHz (hydrazine), H=zN-
NHCH= (methylhydrazine), H=C=NNH= (hydrazone), and

5 H=C=NNHCHs> (methylhydrazine).

26. The method according to Claim 23 whereinlsaid
substituted organosilanes are chosen from the group
containing:
i) RSiHa where R = CHa (methylsilane), CzHs
5 (ethylsilane), CaH-» (propylsilane), (CHa)=CH=
(isopropylsilane), CaHs (butylsilane), CesHs
(phenylsilane), CsHaix (pentylsilane), or CeHsCH=

(benzylsilane),
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(tetraethyl silane), H err] C=CH (tetravinylsilane), or-~~

Herr]CCHCH err] (tetraallylsilane), T
where R = (err]Herr] (dinethylethylsilane), I&ﬁﬁlﬂwim)) b
(di nmet hyl propyl silane), (CHerr])[err]CH 20 (di nmet

(CH3) 3C (t-butyldinmethylsilane), Cferr]Herr]
(di met hyl phenyl si | ane), or Cerr]H err] (cycl ohexyldi nethyl sil ane),
vi) RSiH((err]Herr])[err] where R = CH err] (di et hyl et hyl si | ane),

25 RSIi (CH err err where R = rr]H e
(trimethyl \élt Ihi/l Si : gne}l C%% @rwl}em B mat%ﬁﬁ F;]A;Eﬂgtg{mlg&él)ane) , CzHs
E g:’;'[Gﬁ;:’ ][ ?’ i ||;PE |CC$ T’@f t%%?eé h1¥|:: rcf&féj S(%Ily nsei)lance[)e,r I’U]!-'H[(%li‘lrs]) 2CH=

(benzyltrlnethyl lf@ ?§§f§i éflnethyIV|nyIS|Iane), 30 H2 C=CHCH2
(aIIyItrinethyIs ane ((trinethylsilyl)acetylene)

HC err] CCH err r t | si -Hs
Clc-lz%err}(CH%err})[err]Cifzé?)rf!g?&g&lIII h tp¥netlﬁ? ﬁﬁ%Eth%hga%%Qf)' c=H

CHerr](CHerr]){ef{idErsil
((trinethylsilylg 1- pen y%%)an%%a C%E? (trlprOPY%Slﬁgge)éH[err])[ef%?imhere

R=(Cerr]Herr](triisopgbppisyighej hyl silane), C3H7
(di net hyl di propyl si |l ane),

(CHerr])[et3] CH err]{d) rremhﬁﬂitblsemé apy+ CHaNE)etramdihgcididde), C=Hs
(diallyldinmethylsilane). 27. The nmethod according to Caim19
wherein said (tetraethylsilane), H=C=CH (tetravinylsilane), or
H=C=CHCH= (tetraallylsilane),
v) RSiH(CH=)= where R = CzHs (dimethylethylsilane),
CaH» (dimethylpropylsilane), (CH=z)=2CH
20 {dimethylisopropylsilane), (CHz)zC
(t—butylﬁimethylsilanef} CsHs (dimethylphenylsilane), or
CsH11 (cyclohexyldimethylsilane),
vi) RSiH(C=zHs)= where R = CH=
(diethylmethylsilane),
25 vii) RSi(CHa)s where R = Cz2Hs
(trimethylethylsilane), CzH- (trimethylpropyvlsilane),
(CH3 }=2CH= (trimethylisopropylsilane)}, C;Hs
(phenyltrimethylsilane), CeHsCH=
(benzyltrimethylsilane), H=C=CH (trimethylvinylsilane),
30 'H2C=CHCH2 (allyltrimethylsilane), HC=C
((trimethylsilyl)acetylene), HC=CCH=
(propargyltrimethylsilane), CHzs(CH=z)=C=C

{(trimethylsilyl)-1-hexyne), or CHs(CHz)sC=C
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car bon- doped SI|ICOﬂ ni ¥t de has a dielectric constant . of--bet ween 3
and 6.. 28. The nethod according to Cla|n119 wherein sald

silicon carbide is formed by reacting ene or ﬁﬁ‘“ﬂﬁ‘k
“organosil anes in a plasma-enhanced cheni cal e\“mu,“‘ﬁ‘ er.

29, The; method according to Claim28 further conprksifg* flomnng one
or nore of the gases in the group cont ai ni ng: nitrogen, hydrogen,

hel ium and argon during said reacting step. 30. The net hod
according to Cl aim 28 wherein said substituted organosil anes are

h f th RSi H3 wh R =
E}EZEP] Eﬁglhyfs?ﬁg#g gﬁﬁﬁgr?]gggtyneeétﬁyFS|:;ne)i C3H7ere
| sil CH
ggropy stiasy). [e%&L?ngg%opysgr]gﬁg N é[érrfﬁferr] (butyl silane),

err]H err | er er
g[[e”} H% err} . ;i]lme(t&%we?chgggghgrx@[gne)tLﬁL (almeéﬁﬁmaybﬁb%;ﬁnenaﬁé),

(R [err]SiHerr] (orgnech-= (Siikettyrat Aixbpirbppesiishen | ] bk ens¢=chln=
(diethylsilane), C3H7 (dipropylsilane), or (CHerr])[err]CH err]
(diisopropylsilaféjiallyldimethylsilane).

27. The method according to Claim 19 wherein said
carbon-doped silicon nitride has a dielectric constant

of between 3 and 6.

28. The method according to Claim 19 wherein said
silicon carbide is formed b§ reacting one or more

substituted organosilanes in a plasma-enhanced chemical

deposition chamber.

29. The method according to Claim 28 further comprising
flowing one or more of the gases in the group
containing: nitrogen, hydrogen, helium, and argon during

said reacting step.

30. The method according to Claim 28 wherein said
substituted organosilanes are chosen from the group
containing:

1) RSiHs where R = CHs (methylsilane), C=zHs

5 (ethylsilane), CaH-» (propylsilane), (CHz)=CH=
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: 4
‘Hi)(Q[aﬂSHﬂMmmF?:Gﬂ(tﬂnth§lmmL Cerr]Herr]
(triethylsilane), C3H7 (tripropylsilane), or (CHerr])[err]CH err]
(triisopropylsilane), 15 iv) (Rferr]Si where R =

CH3
tetramethyl silane), Clerr]Herr] (tetra ul rr] C=CH
Etetravjnylsilane), or H[err]C:CHCH[err]T* H"ﬂuu Hu!ngme),
v) RSiH(CHerr])[err] where R= Clerr]Herr] (diretfiylethylsilane),
C3H7 (di et hyl propyl silane), (CH3)2CH 20 (di met hyl i sopropyl sil ane),

(CH3) 3C (t-butyldinmethylsilane), Cferr]Herr] _ _

(di met hyl phenyl si |l ane), or Cerr]Herr] (cyclohexyldimethylsilane),
vi) RSi H(C err] H &soprppylsidme p, KiHLH M 1silane) ,( dis®lishyl net hyl si |l ane),
25 vii) RSi(CH err])[err] where R= C(err]Herr]

(trimethyl et hyl s(phepyls @me]&{@ﬁﬁil(&pénﬁyﬂgﬂh&n@ﬁylerﬁnéﬁgﬂz
(CH[err])[err]Crierr] §t[inethylisopropyI5|Iane), Cerr]Herr]
(phenyl tri met hyl SPeBARIS1IEMRe}f H err]CH err]

L e [T AL et e,
28 : . i hyl si .yl )acetyl ene).,. HJ.err err
(propargylt%?nnth?f%?é%%%%?g§?fér¢ﬂ%%}{§;9%%ﬁy ]%ﬁﬁgﬂr]eLC?Ehs)zkﬂz

[ hyl si | yl 3 rl(CHerr])[err](err]C
EEE::g§§h§|§:|§|§§%?%§§¥§ﬁ%}?féﬁégggg viii) RSi(CH err])[err] where

R = CH> iii) (R)=SiH where R = CHs (trimethylsilane), CzHs
(triethylsilane), CaH~» (tripropylsilane), or (CHs)=CH=
(triisopropylsilane),

15 iv) (R)4Si where R = CHs (tetramethylsilane), C=zHs
(tetraethylsilane), H2C=CH (tetravinylsilane), or
Hz2C=CHCH= (tetraallylsilane), _

v) ﬁsm(cna)z where R = CzHs (dimethylethylsila;ne'),
CaH- (dimethylpropylsilane), (CHsz)=CH

20 (dimethylisopropylsilane), (CHs)asC
(t-butyldimethylsilane), CesHs (dimethylphenylsilane), or
CsHaa (cyclohexyldimethylsilane),

vi) RSiH(CzHs)=2 where R = CHa
(diethylmethylsilane), ;

25 vii) RSi(CHs)= where R = CzHs
(trimethylethylsilane), CzH- (trimethylpropylsilane),
(CHs)=2CH= (trimethylisopropylsilane), CeHs
(phenyltrimethylsilane), CeHsCH=
(benzyltrimethylsilane), H=C=CH (trimethylvinylsilane),

30 Hz2C=CHCH= (allyltrimethylsilane), HC=C
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. (di net hyl di et hyl si | ane) , 37 (di met hyl di pr opyl si | ane)... (CHS) 2CH2

(di et hyl di i sopropyl silane), or H err] C=CHCH er+]"

(dial ]yl di met hyl silane). 31. The net hod \n128
wherein said silicon carbide has a dielect mﬁ *bet ween 3
and 6. 5. 32. The nethod according to d ai 9 mhereln said first
and second dielectric layers are fornmed by: reacting a

ni t rogen-contai ni ng precursor and one or nore substituted
organosi |l anes in a plasnma-enhanced 5 chem cal deposition chanber.

33. The nethod according to Caim 32 wherein said ni t r ogen- cont ai ni ng
precursor is chobéhrimethyheijyblacetylenebntBCxGGHE NO (nitric oxide), N20
(nitrous oxide), Nerr](err (ni trogen dioxide and

N[ err] O NF[ err] . (propargyltrimethylsilane), CHa(CH=z) 33@)
or ganosi | anes or b ERgeeRyIsHIPhL Tragme) | SEia im0 )
RSi H3 wh R = t hyl si | , C3H7
(p:opyls?{gne) ?EE§§ E%g%iéii?f? }sé%ﬁgﬁééi %Aﬂ», C[egs]kgef:]ane)
(butylsilangy, C[err]ugg??%Rsl 29:(_p?ﬁgi{éshlém@:)ﬁsct[err]H[err]

err rr

(pentylsilane), .or (Jerr
(dimethyldiethylsilane), CzH- (dimethyldipropylsilane),
(CH=2)=2CH= (dimethyldiisopropylsilane), or H=C=CHCH=

(diallyldimethylsilane).

31. The method according to Claim 28 wherein said
silicon carbide has a dielectric constant of between 3

and 6.5. o=

32. The method according to Claim 19 wherein said first
and second dielectric layers are formed by:

reacting a nitrogen-containing precursor and one or
more substituted organosilénes in a plasma-enhanced

5 chemical deposition chamber.

33. The method according to Claim 32 wherein said
nitrogen-containing precursor is chosen from the group
containing: NO (nitric oxide), N=0 (nitrous oxide), N=20a

{(nitrogen dioxide), and N=0/NF=.
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_(benz¥l si | ane), ' i) (R[err]SiHerr] wheré R = CH3
(dinmethylsilane), CJerr]JHerr] 10 (di ethyl silane), -g-errHerr]
(di propyl silane), or (CH3)2CH2 (diisopropylsil anem

i R)3SiH where R = CH err irinethylsilane

I(It Iri)e§ hi/__l s: | ane), C3H7 (t Li pr']op§/l s: I anegl, SIor (C%—Hlmﬁm“l ,!Hms‘]m!l\
(triisopropylsilane), 15 iv) (R[err]Si whete R = CH err]
(tetramethylsilane), C[err]Herr] (tetraethylsilane), H2C=CH
(tetravinylsilane), or H2C=CHCH2 (tetraallylsilane), V)
RSIH(CH err]) [ errds Wadie e thdd @Idddddig todicTRliRy kot inkekianghid
Cerr]H err] (dinethylpropylsilane), ( )2CH 20

(di met hyl i sopr opydiidainaited @iYatfosilanes Girebehpkanmerbyl sheagepup

Cerr]H err] (dinethylphenylsilane), or Cerr]Herr]

(cycl ohexyl di net ydrstd anieg : vi) RSiH(C[err]H err])[err] where R
CH3 (di et hyl net hyl sil ane), 25 vii) RSI(CH err])[err] where
R=dderr]Herr] i) RSiH= where R = CH= (methylsilane), €8Hs

(trimethylethylsilane), Cerr]Herr] (trinethylpropylsilaneh,
(CH err]) [ ery ] CH @ty sikans hy IG=dbpriepppyilisidane )¢ éCHpRREHR)
(phenyltrinethylsilane), CJerr]Herr]CHerr] .

(benzyl tri met hyl siiseRGOPH % kanelGH Gty fdtplsidpns) afells 30
H err] C=CHCH[ err]

|1yl tri methyl si] . _Hd.err]C
((trimethylsilyl )@&%’&%@%ar{‘eﬂezéﬁg ﬁipentgl%rlrl{aﬁﬁapa%yFfPFﬁE‘th| sil ane),
CH[err](CH[err])3(CEeei_Hi}1%i1ane)’ '

ii) (R)=SiH= where R = CHz (dimethylsilane), C=zHs

10 (diethylsilane), CzH-» (dipropylsilane), or (CHsz)=CH=
(diisopropylsilane),

iii) (R)=SiH where R = CHa= (trimeEpylsilane), CzHs -
ktriethylsilane),‘caHvl(tripropylsilane), or (CHsz)=CH=
(triisopropyvlsilane),

15 | iv) (R)4Si where R = CHs (tetramethylsilane), C=zHs
(tetraethylsilane), H=C=CH (tetravihylsilane), or
Hz2C=CHCH= (tetraallylsilane),

v) RSiH(CH=)= where R = CzHs (dimethylethylsilane),

. CaH7z (dimethylpropylsilane), (CHs)=CH

20 (dimethylisopropylsilane), (CHs)=C
(t—bufyldimethyiSilane), CesHs (dimethylphenylsilane), or
CsHaia (cyclohexyldimethylsilane),

vi) RSiH(CzHs)= where R = CHs
{(diethylmethylsilane),

25 Vii) RSi(CHa)a where R = CzHs
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' R 7/
I met hyl silyl)-1-hexyne), or CH[erFT?CH[err])[err]C[err]C

((tr

((t I methylsilyl)-1-pentyne), and 35 viii) RSi(CH[err])[err] -wher e
= Cerr]Herr] (di et hyl diethylsila

PR RIERNRGE It 1 T

(di met hyl.di i sopropyl silane), or H err] C=CHCH| er]

(dial l'yl di met hyl sil ane). 35. A nethod of dual” ddmascehe copper

metallization in the fabrication of an integrated circuit deV|ce

conpri si ng: viding an interconnection |line on a

seni conduct or éEBéPFSPglethylsllane)'d%ﬂ% ¢t ?&F%iﬂ%%&ﬁqgﬁ%ﬁi}QQS&w

overlying sai d conn ero or nore

substituted a ?52% %E%? @%%%1%9E;%Ry$%}fané§' rtgSlfbstituted

or ganosi | anes legl0 dep03|t|on chanber;
depositing a fi?s?ng €f$g§%?820er%§ #3 sai d
31

(benzyl’@f@ﬁéi!ﬁ%i&i‘léﬁé(ﬂ I?é’clé’f@cﬁtﬁf‘ﬂnéi:ﬁi}ltﬁ%%ﬂ%}{@j ni ng

precursor and one or nore substituted organosilanes 1 n a

pl asma- enganced.chenTral (deppstiinetkypePrindyp, fesesaid 15  first
dielectric |ayer; curing said first dielectric |ayer;

thereafter depoétrimgthpleill saoetybemws) OVIECIGCHY
(propargyltrimethylsilane), CHz(CH=)sC=C
((trimethylsilyl)-1-hexyne), or CHs(CHz)=C=C
((trimethylsilyl)-l-pentyne), and
35 viii) RSi(CHs)=z where R = CzHs
(dimethyldiethylsilane), CsH-» (dimethyldipropylsilane),
(CH2)=2CH= (dimethyldiisopropylsilane), or H=C=CHCH=

(diallyldimethylsilane).

35. A method of dual damascene copper metallization in
the fabrication of aﬁ integrated circuit device
comprising:
providing an interconnection line on a
5 semiconductor substrate;
depositing a passivation layer overlying said
interconnection line by reacting zero or more
substituted ammonia precursors and one or more
substituted organosilanes in a plasma-enhanced chemical
10 deposition chamber;

depositing a first dielectric layer overlying said
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- said first dielectric layer by reacting zero or nore ﬂ“{_mgubstibuted“”
anmoni a precursors and one or nore 20 substituted jorganosil anes in

p aome-enenced chem cal |y Sepost L on eharber op\\mmm\\l;mm\t\!ﬁg :

ni t r ogen- cont ai ni ng precursor and one or nore subgtifuted
organosilanes in a 25 pl asma- enhanced chem cal deposition chanber to
‘formsaid second ‘di el ectric |ayer; curing said second
dielectric |ayer; form ng a dual danascene openi ng through said

second di el ect ifed eAlior Ahehl By TedRtiACh: nitkgedlconthlatng] ol ectric

| ayer, and sai d passivation [fayer sald intérconnection Tine; and

formng a barrige diBisdr AL orNbrame2RPRUbLRY Bited or¥hhbEN1sRES dHAh
damascene opening to conplete said copper netallization in the

fabrication of phiaisma-dmhandede Pmid¢all deposidevhcehamber to form said
32 36. The nethod according to C aim 35 wherein
sem condudiSor ddwisde dsiterlieatturies liayelrydi ng gat e el ect rodes and
associ ated source and drain regions _ _ and al um num copper interconnects
are formed in and orfWBng sHid] fdastc di@decsrisubayesre and covered by an
I nsul ating | ayer. . .
thereafter depositing an etch stop layer overlying
said first dielectric layer by reacting zero or more
substituted ammonia precursors and one or more
20 substituted organosilanes in a plasma-enhanced chemical
deposition chamber;
depositing a second dielectric layer overlying said
"etch stop layer by reacting a nitrogen-containing
precursor and one or more substituted organosilanes in a
25 plasma-enhanced chemical deposition chamber to form said
second dielectric layer;
curing said second dielectric layer;
forming a dual damascene opening through said
second dielectric layer, said etch stop layer, said
30 first dielectric layer, and said passivation layer to
said interconnection line; and
fdrming a barrier metal 1ayef and a copper layer
within said dual damascene opening to complete said

copper metallization in the fabrication of said

35 integrated circuit device.
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37. The nmethod according to d aim 35 mhef@in sai d ~i-nt-erconnect.ion

| ine conprises copper. 38. The nethod acc d|n to Caim35 further
conpri si ng depositing a capping | ayer overl ﬁuﬂ’ H’HI’

dielectric layer before said step of formng said cene
opening by reacting zero or nore substituted 5 anmoni a précufsors and
one or nore substituted organosil anes in a plasma-enhanced chem cal
deposi tion chanber . 39. The nethod according to C aim 35
wherein said steps of formng said passivation layer, said etch stop

| ayer, andagal fall hetndd o EEEAI! S QA unf dsNfler i t 1!

conprise flow ng one or nore o ed if th e group cont ai ni ng:

ni trogen, hydrog&alcaﬁaa%raa@vfw%mﬂms incly¥ny GRARli ng. step.

33 . The nethod according to Clarm wherein said
substi t ut ed armeneatﬁo@@srsmswwcf&w&rsdﬁm tdif @r@lih regiongont ai ni ng:
NH3 (ammonia), Herr]NNNH err] (hydrazine), Herr] N NHCH[ er r ]

(et hyl hydr azi nepd & enih@erNdbdmer |iftortarmut)s ard fdrmed HACINIHGH er r]
(et hyl hydr azi ne).
5 said semiconductor substrate and covered by an

insulating layver.

37. The method according to Claim 35 wherein said

interconnection line comprises copper.

38. The method according to Claim 35 further comprising
depositing a capping layer overlying said second
dielectric layer before said'step oflforming said dual
damascene opening by reacting zero or more substituted
5 ammonia precursors and oﬁe or more substituted
organosilanes in a plasma-enhanced chemical deposition

chamber.

39. The method according to Claim 35 wherein said steps
of forming said passivation layer, said etch stop layer,
and said first and second dielecfric layers further
comprise flowing one or more of the gases in the group

5 containing: nitrogen, hydrogen, helium, and argon during

said reacting step.
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o j L
-41. The method according to Caim35 wherein zero substi t ut ed>anmoni a
persursors are reacted with one or nor e substifUtéd“GrganbsTranes and
wherein said | ayer formed conprises silicon car The
met hod according to C aim 35 wherein one or nore Emm""!!ﬂm&ﬂ!tm a
persursors are reacted with one or nore substitutxedcorga
wher€in said | ayer formed conprises carbon-doped silicon nitride.
43. The net hod according to Caim 35 wherein said substituted
organosi | anes are chosen fromthe group cont ai ni ng: i)
RSiH3 where R = CHerr] (nmethylsilane), Clerr]Herr] 5 (et hylsilane),
Clerr]Herr] (49 optheinekkgd Fasgrding [te 33 wherein isadk opyl sil ane),

(pentyl 51 | ane)uRat Srefeq ﬁm%[r}e&]&e?éﬁsors s IGHSAT FG the group ||

ag) (PSS e o PA%‘%MR@@&%@@{% or
I

E%*% orrls ﬁr&}ﬁﬂe & nespny S sty rgerazened, pod '

(triethylsil ang)e= &ﬁﬁgh%f(mé%ﬁy§ﬂﬁa%é%¥%i)cw (C}B)ZCHZ

(triisopropylsilane) err]Si where R = CHerr]
(tetramethylsilane), Clerr]Herr]

nd

41. The method according to Claim 35 wherein zero
substituted ammonia persursors are reacted with one or
more substituted organosilanes and wherein said layer

formed comprises silicon carbide.

42. The method according to Claim 35 wherein one or mqre

substituted ammonia persursors are reacted with one or
more substituted organosilanes and wherein said layer

formed comprises carbon-doped silicon nitride.

43. The method according to Claim 35 wherein said
substituted organosilanes are chosen from the group
containing:

i) RSiHs where R

CH=z (methylsilane), CzHs

5 (ethylsilane), CsH» (propylsilane), (CHs)=CH=
(isopropylsilane), CaHs (butylsilane), CeHs
(phenylsilane), CsHaax (pentylsilane), or CsHsCH=
(benzylsilane),

ii) (R)2SiH= where R = CHa= (dimethylsilane), C=Hs

34



(tetraethylsilane), H2C=CH (tetravinylsilane), or T H err] C=CHCH[ err]

(tetraal lylsil ane), v) RSIH(CH3)2 where R = (ferr]Herr]
(di net hyl et hyl si | ane), . (derr]Herr] (dinethylpropylsilane),

CH err err]CH 20 (di methyl i sopropyl sil ane),
Et- Lut y} él[ met hyl silane), Cerr]Herr] (dinethyl phen?&nmm" I" "III " Illl
Cerr]JHerr] (cycl ohexyl di net hyl sil ane),

RSiH C[err]H err])[err] where R = CH err] (dlethylnethyIS|Iane), 25
vii) RSi(CHerr])[err] where R= Cerr]Herr]

L e e
Egeﬁ2§|t::g§t +§£§%y1§éﬁé {trimethylvinylsilane), 30 H2C=CHCH
(a0 TYItri eyl si 1 aye). (AEL65H) Grere m - (6 | bty Pty ol

HCl err] CCH err] pfopargyltrimet hylsi

SRR Ehﬁ%%‘?f}’gﬁ%é*% caty (CHPTBLIEL); Lo sont
35

(tr8Psopropyls¥idne) RS (CHerr])[err] where R = (err]Herr]
(di met hyl di et hyl si | ane), C[err]k&err] (di met hyl di propyl si |l ane),

(CHerr])serr]CH etv) (R)a®ihyheié SRPs of4d S{ tetime Kty 1 £Yad - CHCEHer |
(dial Iyl di met hyl silane).
(tetraethylsilane), H=C=CH (tetravinylsilane), or
H2C=CHCH= (tetraallylsilane),
v) RSiH(CHs )= where R = C=zHs (dimethylethylsilane),
CzH~- (dimethylpropylsilane), (CH=)=CH
20 (dimethylisopropylsilane), (CHs)aC )
“(t-butyldimethylsilane), CesHs (dimethy;phenylsilape), or -
CsHix (cyclohexyldimethylsilane),
vi) RSiH(CzHs)= where R = CHs
(diethylmethylsilane),
25 vii) RSi(CHa)= where R = C=Hs
(trimethylethylsilane), CsH- {(trimethylpropylsilane),
(CH3)=2CH= (trimethylisopropylsilane), CsHs
(phenyltrimethylsilane), CsHsCH=
-(benzyltrimethylsilane), H2C=CH (trimethylvinvylsilane),
30 H=2C=CHCH= (allyltrimethylsilane), HC=C
((trimethylsilyl)acetylene), HC=CCH=
(propargyltrimethylsilane), CHz(CH=)z3C=C
((trimethylsilyl)~1-hexyne), or CHz(CHz)aC=C

((trimethylsilyl)-l-pentyne), and
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44. The fret hod according to Caim35 wherein said paSS|vat|on‘énd
etch stop layers have a dielectric const ant. .of -bet'ween 3 and 6.

45. The net hod according to Caim 35 mhereln sald ogen containing
precursor is chosen fromthe group {&\ ric oxide), N20
(nltrous oxi de), N204 (nitrogen dIOXI st | & NF[err].

36" :

35 viii) RSi(CHa)z where R = CzHs
(dimethyldiethylsilane), CzH» (dimethyldipropylsilane),
(CH2)2CHz (dimethyldiisopropylsilane), or Hz=C=CHCH=

(diallyldimethylsilane).

44, The method according to Claim 35 wherein said.
passivation and etch stop layers have a dielectric

constant of between 3 and 6.

45, The method according to Claim 35 wherein said
nitrogen-containing precursor is chosen from the group
— containing: NO (nitric oxide), N=0 (nitrous oxide), N=z204

(nitrogen dioxide), and Nz2Q/NFs.
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