TI TLE TUNGSTEN- COPPER | NTERCONNECT AND METHOD FOR FABRI CATI NG THE SAVE
BACKGROUND OF THE I NVENTION Field of the Invention The present invention
rel ates to sem conductor fabrication, and in particular to
tungsten--copper interconnect structure, and nethod for fabricating the
sanme. Description of the Related Art Metallization in wafer fabrication is
a process of depositing netal filﬁi r a dielectric film wherein the
nmetal filmis defined to formthe Tnt'erconnecting netal lines and plugs of
integrated circuits. As density of ~circuit elenments increases,
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sl owi ng —ct et y—copper—rmtercormects are forned

using a so-call ed "damascene" or puaipm@anascene” fabrication process
rather than conventional al um num—TTTerconnects, thereby reducing

I nterconnect netal resisitivity. Briefly, a damascene netallization
process forms conductiggckBketRENOLCTSE byndeResONi on of conductive
metals, i.e. copper or copper alloy, in via holes or trenches fornmed in a
sem conductor wafer surface. Multilevel netallization creates the need for

billionsgfidiss did | Bh-amtiometal plugs to form electrical pathways

between two netal |ayers. Contact |
The present invention relates to semiconductor

fabrication, and in particular to  tungsten-copper
interconnect structure, and method for fabricating the
same.
Description of the Related Art

Metailization in wafer fabrication is a process of
_depositing metal film over a dielectric film, wherein the
metal film is defined to form the interconnecting metal
lines and plugs of integrated circuits. As density of
ciréuit elements increases, interconnect resistance and
parasitic capacitance do as well, thereby slowing signal
propagation. Currently, copper interconnects are formed
using a so-called "damascene" oxr "dual-damascene”

fabrication process rather than conventional aluminum

interconnects, thereby reducing interconnect metal
resisitivity. Briefly, a damascene metallization process
forms conductive interconnects by deposition of

conductive metals, 1i.e. copper or copper alloy, in via
holes or trenches formed in a semiconductor wafer
surface.

Multilevel = metallization creates the need for
billions of vias filled with metal plugs to form

electrical pathways between two metal layers. Contact



plugs are also used to connect the silicon devices in the wafer to the
first level of metallization. The nbst comon netal used for contact plugs
is tungsten (W. Tungsten has been used as a plug material because of its
ability to uniformy fill high-aspect ratio vias when deposited by
cheni cal vapor deposition (CVD). Tungsten is resistant to electromgration
fai | ure.pligslae s¥seusad tobeonnectt bhei s1liFen HaYIFEECHFoN et ween
silicon and the first netal layer. FIG 1 shows a conventional contact
structureafer WOS deei ddust dlspgededdn “@tﬁlllilt?@ﬁ%strgi‘% 1 st
conprising a gate structure 110, source/drain _regions ang,silicide
![ﬁ%/erks 1@%5“‘%?:’1’&1 I@Sa(irizrléﬁﬁﬁy BRer ISP %0 i(‘fglsdrglsnr#%%%%%nll@)dnd 114. A
ck oxide |ayer gcoversthe [ o] yd Ugs 124
g;etﬁl spoRgFt t%@so Fae PE5Sr aﬁ%)ts%ﬂg%n@%%%gﬁl %Ié gh%:&gifreg%13gand 115
on the sguf feldrai [9EQDSI}1220d Hikh MhiRe arakie | ayes Lagis
i nt grpos e en the” tungsten plugs 124 and the oxide layer 120. Another
oxi de | ayghod30ed SpYeRIRd & VVEapbRE dupodd tiayer (AWD) and Twngspéug
interconnects 134 afe disposed in the oxide layer 130 to contact the |ocal
tungst en; §l 4gsid24nt Bbnelackyomdgyhudonafed 1U32.i s Tthtekposeervetween the
tungsten plugs 134 and the oxide layer 130. Conventionally, an etch-stop
| ayer 136si & depositedtovedifiveioni gad a5RFCUBEN a’ﬁ’&tﬁﬁ?@’stﬁhfbﬁzﬁﬁs 134. An
inter- layer dielectric (1LD) layer 140 is subsequently deposited over the
etch- st opnflayee I3sstuherelnla¥®El 1ines 144, serving as netal 1, are
di sposed to contact . ,
~ FIG. 1 shows a conventional contact structure. A
MOS device is disposed on a silicon substrate 100,
comprising a gate structure 110, source/drain regions
112, and silicide layers 113 and 115 directly overlying
source/drain regions 112 and 114. A thick oxide layer
120 covers the MOS device and local tungsten plugs 124
are disposed in the oxide layer 120 to contact silicide
layers 113 and 115 on the source/drain regions 112 and
114, where a glue layer 122 is interposed between the
tungsten plugs 124 and the oxide layer 120. Another
oxide layer 130 is deposited over the oxide layer 120 and
via plug interconnects 134 are disposed in the oxide
layer 130 to contact the local tungsten plugs 124.
Similarly, a glue layer 132 is interposed between the
tungsten plugs 134 and the oxide layer 130.
Conventionally, an etch-stop layer 136 is deposited over
the oxide layer 130 and tungsten plugs 134. An inter-
layer dielectric (ILD) layer 140 is subsequently
deposited over .the etch-stop layer 136, wherein metal

lines 144, serving as metal 1, are disposed to contact

the tungsten via plugs 134. The metal lines 144 are



the tungsten via plugs 134. The netal lines 144 are 2 isolated fromthe

oxi de layer 130 and the dielectric |layer 140 by diffusion barrier 142.
Conventionally, the netal lines 144 are forned by copper damascene
process. Ti/TiNis conventionally utilized as glue |layers 122 and 132 and
Ta/ TaN i s conventionally utilized as diffusion barrier layer 142. Lin,

U S. Patisdiateéd 14@0a24thdi sexdes layert hadof candf arle n@litelegsttreie pl ugs, in
which a polishing stop layer is introduced as a CVWP stop |ayer to prevent
di shi ng.lakher dt4dbhyk daff fulsd onorheentiieonal4 2 ungSoenenspeaal liynt dbsonnects i s
high RC delay with the high-K etch-stop layer, e.g. Si N, thereby slow ng
si gnal preiprlgatings IUMMvERTe OFoTwed| RYENRRIEThdaBBFEeRSofPHIRESShvention i s

to provide,a _tungsten-copper_ intercqQnnect structure with reduced, RC
del ay, aW']él%’cﬂoHOF}S?anBPP&;Vi hﬁjﬁﬁéeéar?e? ﬁ'u%cﬁf"gﬁﬁst t]rggokﬂrﬁjct, an

interco t _st.rugt utilizin .SLl{¢con I- - £ont.ai as an
inter- € egpfii (L:lf‘—il);é@ s p?%{}‘lf%é%%&iéisf gg—'ﬁ'&ﬁg&(ﬁ: g%bs r%& 1g]vi ng a
conduct j,lsilg]p dickgl silicide, thereon is provided, with an

i nsul at ioré]%r ayerf%(/erl ying the sem conductor substrate. The insul ating

layer has a hoi, therepge.Aneondyugibye2pl ugiseldsed tUngsiiesy pfo, _
substantially fills the via hole and electrically connects the underlying
conduct oformisg | tangsecanbelugront i niwhdchi lam potishiow ditelpeclayer const ant
| ayer overlie the insulating |ayer and the tungsten plug, and
is introduced as a CMP stop layer to prevent dishing.
The drawback of the conventional tungsten-copper
interconnects is high RC delay with the high-K etch-stop

layer, e.g. SiN, thereby slowing signal propagation.

SUMMARY OF THE INVENTION

The object of the invention 1is to provide a
tungsten-copper interconnect structure with reduced RC
delay, and a method for fabricating the same.

To achieve the object, an interconnect structure
utilizing a silicon carbon-containing film as an inter-
dielectric layer is provided. A semiconductor substrate
having a.conductor, such as nickel silicide, thereon is
provided, with an insulating layer overlying the
semiconductor substrate. The insulating layer has a hole
therein. A conductive plug, e.g. a tungsten plug,
substantially fills the +wvia hole and electrically
connects the ﬁnderlying conductor. A silicon carbon-
containing film and a low dielectric constant layer
overlie the insulating layer and the tungsten plug, and

have a trench therein. A copper or copper alloy



have a trench therein. A copper or copper alloy 3 conductor substantially
fills the trench, which electrically connects the underlying conductive
plug. A detailed descriptionis given in the follow ng enbodinents with
reference to the acconpanyi ng drawi ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS
The present invention can be nore fully understood by reading the
subsequeinddetair! ed sidstangtiadnyand £iadanpl ashen t herefiehgnceshdetie to the
acconpanyi ng draw ngs, wherein: Fig. 1 is a cross-section of a
convent iedeait ricafldyt conneeteo thec unseriyinge coaduckiiys pdudp 6 are
cross-.sections showi ng the process of fabricatjng a tungsten-copper
i nt er connect Ast detaited sleadwintiant ién. IPETAI LED BRSCREPTLONI®E THE
I NVENTI ON_I n, this specification, expressions such as "gpverlying the

4 Mg xpd

subst r at@POAIHERES prenge tg, Yffe 2SFOMAR YS! Fa relative
positional relationship wth respect to the surface of. the base |ayer,
regardl ess of the BRIREMESCRIPTICH redi THE DRAWIRGS Accordi ngly, these
expressions nmay indicate not only the direct contact of l|ayers, but also,
a non-contact state of one or nore lamnated |layers. Figs. 2 to 6 are
cross- sect i otheshomesent hényeotéon N fladr mea nfubly ugsieastensher
i nterconnect structure of the invention. As shown in FIG, 2, a MOS
struct uly i steagtirg oghg subsequent detailed description and
examples with references made to the accompanying
drawings, wherein:
Fig. 1 is a cross-section of a conventional contact
interconnect structure; and
Figs. 2 to 6 are cross-sections showing the process
of fabricating a tungsten-copper interconnect structure

of the invention.

DETAILED DESCRIPTION OF THE INVENTION

In this specification, expressions such as
noverlying the substrate", "above the layer", or "on the
film" simply denote a relative positional relationship
with respect to the surface of the base layer, regardless
of the existence of intermediate layers.  Accordingly,
these expressions may indicate not only the direct
contact of layers, but also, a non-contact state of one
or more laminated layers. _ |

Figs. 2 to 6 are cross-sections showing the process
of fabricating a tungsten-copper interconnect structure
of the invention.

As shown in FIG. 2, a MOS structure is formed on a

semiconductor substrate 200, e.g. a silicon substrate or



sem conductor substrate 200, e.g. a silicon substrate or 4 a silicon
germani um substrate, having netal silicide |l|ayers 213 and 215 directly on
source/drain regions 212 and 214. A conductor 216 is al so di sposed on
anot her region of the sem conductor substrate 200. The preferred
conductor 216 is conposed of doped sem conductor, polysilicon, netal
silicida nEfldlconeigirmainiayn rebslttratenpohading ametai natildeiteer eof and
the preferred nmetal silicide is nickel silicide. An insulating |ayer 220
i s depdsiyests 0213 hendurXlfcedibfechly seni covest/siraigbsreaiens2@02. The
preferred insulating |layer 220 is undoped silicate glass (USG, fornmed by
at nospheént pitssurd CdUAReVF16r 1ot e s ddFp (?@C%Iﬁ)o.t e

insulating |ayer_220 is then etched b of venti onal Qt.old t hograph
to form?é%ﬁ O %o?%@lc%§§u?ﬁ%¥e?%?gggﬁ%%i%gefhe d&ﬁ%%%ﬁfe teﬂg i

silicide 21 nd ;215 conguct 6. I w dt h of
via hol € éﬁé?'leg%gthé%}95§§ﬁpé?§?ueQﬁﬁyé$6p%%2 é%n cgﬁg%ﬁﬁgﬁglly

deposi t%fyogjloirég{ll YrRalihesipeiace detlle i nsthat i Apibpyemed2d and the
contact 'vida holes 221 as a lining layer to i nprove adhesi on between the

i nsul at | gmpewel @20a aB8mbbBasubaegHentot uagdt eheplpigseriieel preafedrred gl ue.
| ayer 222 is TINor Ti, which may also serve as a diffusion barrier |ayer
t o bl ocksitimigs eis onfelieldf edildwide .t héin ntngwtaping ayeyez2@20 Hgngst en

224, the preferred conductive material as a via plu is then deposited on

) ) 9] )
the surfderositedeoyl g agerfage2ofo Fhe | S@mceaﬁpsgproﬁémwaztﬂ
substantégg!y, %Xm&a%referred insulating layer 220 is undoped

silicate glass (USG) formed by atmospheric pressure CVD
(APCVD) or low pressure CVD (LPCVD).

The insulating layer 220 is then etched by way of
conventional photolithography to form contact wvia holes
221 therein, exposing the wunderlying metal silicide
layers 213 and 215 and the conductor 216. The preferred
width of via holes 221 is less than 950A. A glue layer
222 can be optionally deposited conformally on the
gurface of the insulating layer 220 and the contact via
holes 221 as a lining layer to improve adhesion between
the insulating layer 220 and the subsequeﬁt tungsten
plugs. The preferred glue layer 222 is TiN or Ti, which
may also"Serve as a diffusion barrier 1layer to block
tungsten out-diffusion to Vthe insulating layer 220.
Tungsten 224, the preferred conductive material as a via
plug, 1is then—depositéd on the surface of the glue layer
222 to fill the contact opening 221 substantially, by way
of CVD, as shown in FIG. 3. CVD provides a superior
filling capabiiity‘ of high-aspect ratio vias, such as

vias with a width less than 950A. Planarization, e.g.



of CVD, as shown in FIG 3. CVD provides a superior filling capability of
hi gh- aspect ratio vias, such as vias wth a width | ess than 950A

Pl anari zation, e.g. 5 chem cal nechanical polishing (CMP), is perforned to
remove excess tungsten and glue |layer 222 fromthe surface of the
insulating | ayer 220, thereby formng tungsten contact plugs 224

connect ichemikalungechyhigalnepalishiingi déCMBYer sig13pandozmgdanticconduct or
216. In FIG 4, a silicon carbon-containing film230 is _deposited over the
surf ace refroviee emsekat | hynbagen 220d agdveunddver ved2pl fgsm2kheTne
preferred silicon_ carbon-containing film23Q is n_carbide film

silico
with cawdaceonpéntthccdtFWRDINE Siitifhs 280, %ihéé‘%’ly SFEA " %and a
t hi ckness | ess than 500A. The sili,gqn carbi i -an it ed by
pl asma &MRgstEd coBnEBEEVDP h 2%% (Eﬂgfe%%6%gsrhh%CH§99§qg§g?§trce
mat eri al . - The si.l.ican -¢ -Gont.aj i fiddN3 & an etch sto
| ayer 6% flsldfs@&u&ﬁ?etg%gnzg% ragiggszsq%ar?‘y({inn ad#zgdgﬁszllgflér bet ween ltohe

i nsul ating | gyerp220, 41 . & c8Rd cbheonsubseguening ofwkmdiebectsic | ayer.
The dielectric constant (k) of silicon carbide (k=4-5) is |ower than

convent ignals eleeh- §¢8p el bakfaged ofsi theornsulatdmg (kayes) ,22Q her eby
reducing the dielectric constant of the inter-layer dielectrics in
i nt er conelt Tumsstelowviian ElGgst, 224di el e@hd c OrgfEred SiligMsequently
deposited on the surface of the silicon carbon-containi film230. The
pr ef er r ehxhiaet-amntiasining cfile 23@| &8t i E1hACER §|ar\slalﬂ’? i1 i c
ConStantcarbon content exceeding 20%, such as SiC, SiCO or SiCON,
and a thickness less than 500A. The silicon carbide film
can be deposited by plasma enhanced CVD (PECVD)} with
8i(CH;), or SiH{CH;); as source material. | The silicon
carbon—containing film 230 serves as an etch stop layer
for the subsequent trench recess and an adhesion layer
between the insulating layer 220, i.e. USG, and the
subsequent low-k dielectric layer. The dielectric
constant (k) of silicon carbide (k=4-~5) 1is lqwer than
conventional etch-stop material, e.g. silicon nitride
(k=7-8) , -thereby reducing the dielectric constant of the
inter-layer dielectrics in interconnects.
As shown in FIG. 4, a -dielectric layer 240 1is
subsequently deposited on the surface of the silicon
carbon-contéining film 230. The preferred dielectric

layer is dielectric material with a dielectric constant

(k} less than 3.0, such as organosilicate glass (0SGs),

i.e. Black Diamond (trade) , obtained _ from Applied
Materials Corporation of Santa Clara_Calif., which has

dielectric constants as low as 2.6-2.8. Low-k dielectric

materials such as SOGs (spin-on-glass) can be formed from



(k) less than 3.0, such as organosil.icate glass (OSGs), i.e. Black
D anond(trade), obtained fromApplied Materials Corporation of Santa O ara
Calif., which has dielectric constants as low as 2.6-2.8. Lowk dielectric
materials such as SOGs (spin-on-glass) can be fornmed from 6 al cohol sol uble
sil oxanes or silicates spin-deposited and baked to forma relatively

porous SijlddHN M1 St irdkdes | #Or gani €at @y kpimtdepakitad bedutilized
as the (}lel ectric layer 240 as well. In an enbodinent, low k dielectric

| ayer 241N beof orfidath by acherélstl iwadpor pdepusi t ikl I@uD) &#dLer Spin-on
method. In FIG 5, the lowk dielectric layer 240 is then_  etched by way of

convent istalctpheoet ol | Thoggaphiy tlovetkhmataslal elcady rbe Phydiz88038hd form
trenches 241 therein wth the silicon

arbon- _containi.ng film 230 as an
etch- stidpe |dekectphic dJeil)Yﬁro?d‘?h%stY’%%ihesgﬁ4fncgﬂ%6’§m%&ﬁ'r que'd t her eby.
The silicon carbon- cantaini film 230 e t h ches 241
can be f}&rflﬁéflecfzﬁrﬁvg‘cflw aggﬂstclaﬁlg Rt cﬁ?%@ggecﬁeégg}@%gg’s?ﬁ%ﬂ
under | yi t ungst en a don, e gferred width of trenches 241
is |less @%ﬁ%sjrl]%b%. (gr?ﬁ e%ét ‘P{)/ygép%gﬁ? usi OIES barrier layer 242 is
subsequent |y pﬁ‘%bt.eds copbormRl iy @neidecsivfacgest 24e liewtheh el ectric
| ayer 240 and thé trenches 241. The diffusion barrier |layer 242 can be
tant al uny¢digdd Oyt aphpl WA nebhivdat (dad) fodrared i thodraghyle s tgtg asma CVD

(HPCVD) or ionizéd nmetal plasma PVD for blocking copper out-diffusion. In
FIG 6, grpp@ielectanperlayéoy 249 -ampofiored orenches 241 therein
with the silicén carbon-containing film 230 as an etch-
stop layer. The depth of the trenches 241 can be
controlled thereby. The silicon carbon-containing film
230 on the bottom of the trenches 241 can be further
removed by adjusting etching recipe tb expose the
underlying tungsten contact plugs 224. The preferred
width of trenches 241 is less than 1300A. Preferably, a
diffusion barrier layer 242 is subsequently deposited
conformally on the surface of the low-k dielectric layer
240 and the trenches 241. The diffusion barrier layer
242 can be téﬁtélum (Ta) or tantalum nitride (TaN) formed
by high-density plasma CVD (H?éVD) or ionized metal
plasma PVD for‘blocking copper out-diffusion.
L In FIG. 6, copper or copper alloy is deposited on
the surface of the diffusion barrier layer 242,
substantially £illing the trenches 241. Preferably, the
copper or copper alloy is deposited by chemical vapor
deposition (CVD), physical vapor deposition (PVD) and/or
plating. In an embodiment, a thin copper or CoOpper alloy
layer {(not shown) éan be deposited on the diffusion

barrier layer 242 as a seed layer of copper deposition,



the surface of the diffusion barrier |ayer 242, substantially filling the
trenches 241. Preferably, the copper or copper alloy is deposited by

chem cal vapor deposition (CVD), physical vapor deposition (PVD) and/or
plating. In an enbodiment, a thin copper or copper alloy |ayer (not shown)
can be deposited on the d-iffusion barrier |layer 242 as a seed | ayer of
copper dejomnd i the ‘tZehichiesg 241 byewaleo24dohyemajondl c@vbgntdanal PVD,
CvD or ALCVD, or wet plating. The excess copper or copper alloy is then
renoved &% Al®id@hi cf weelehakdeha pl anari zation (CVP), which planarizes .the
surface in preparation for the next |evel._The  resulting copper or copper
all oy metal |ThRseIISSTORPRREL PReCPRRESt 8ALOYa LS FET FIYRY Yy

[ itry. An h- stop | 250, f B bon- t ai ni
Cayer, 1 Shetlit (Bae el Bl paBs sREERE dopElr S COR R T netal
i 24, g0d the di LEs 2 b t OfEeSS.
S:gsfar[§ﬁgthe S|c%%gﬁn'tg%gg%?%gﬁ?gﬁﬁféﬁ é%ﬁ;géfég ZgggﬁﬂétgL sto; | ayer

for the rssbpepentopparhehe dRGRSS aBIbRdhesapn1haker et Wesinddhe _
dielectric layer 240 and the subsequent dielectric layer, and a diffusion

barrier thyetuhgsteappriidg pheg€opperfortn tlappeirahl oyyconductetci244. Wil e
the invention has been described by way of exanple and in terns of the
pref er r est@mbddiveent 850t psefewalbky urdes sl bodnt hearhdre-¢onventnbngi s not
limted to the disclosed enbodinents. To the contrary, it is intended to
cover valayes. nodi f depasétsedanansi Whe arswrfagRyemint §he copper or

copper alloy metal lines 24 and the low-k dielectric
layer 240 for subsequent process. Similarly, the silicon
carbon-containing can serve as an etch stop layer for the
subsequent via hole recess, an adhesion layer between the
dielectric layer 240 and the subsequent dielectric layer,
and a diffusion barrier layer for capping the copper or
copper alloy conductor 244.

While the invention has been described by way of
example and in terms of the preferred embodiments, it is
to be understood that the invention is not limited to tﬁe
disclosed embodiments. To the contrary, it is intended
to cover various modifications and similar arrangements
{as would be apparent to those skilled in the art).
Therefore, the- scope of the appended claims should be
accorded the broadest interpretation so as to encompass

all such modifications and similar arrangements.



(as woul d be apparent to those skilled in the art). Therefore, the scope
of the appended cl ains should be accorded the broadest interpretation so
as to enconpass all such nodifications and simlar arrangenents. 8 What is
claimed is: 1. A nethod for fabricating a nmetal structure, conprising:
provi ding a sem conductor substrate with a conductor thereon; form ng an

i nsul ating |ayer overlying the . sem conductor substrate; formng a hole in

the i nsufadd Ntk |AEEIMAXPQSd Ng the conductor; substantially filling the
hole with a conductive nmaterial as a conductive plug; formng a silicon
carbon-containing film formng a |low dielectric constant |layer; formng a
trench ih. t hésd | owmettheldect for cdrdtramtatilngyeraandngtieel si lstoarture,
carbon-containing film formng a lining layer on the trench; and

subst antfAMILFING i ng the trench with copper or copper alloy electrically
connecting the copductive plug. 2. The method as ¢lained in claiml,
wherei n the INS FePEPl aPIARRPPY sBEPFLFRSEeHitE, AaTIRONRINGT as
claimed in claim1l_, wherein the conductor conprises netal silicide. 4. The
method as clai med FREFSPM 1, wherein the

forming an insulating layer overlying the
semiconductor substrate;

forming a hole in the insulating layer exposing the
conductor;

substantially £filling the hole with a conductive
material as a conductive plug;

forming a silicon carbon-containing film;

forming a low dielectric constant layer;

forming a trench in the low dielectric constant
layer and the silicon carbon-containing film;

forming a lining layer on the trench; and

substantially filling the trench with copper or
copper alloy electrically connecting the

conductive plug.

2. The method as claimed in claim 1, wherein the

conductive material comprises tungsten.

3. The method as claimed in claim 1, wherein the

conductor comprises metal silicide.

4, The method as claimed in claim 1, wherein the

semiconductor substrate comprises silicon.

5. The method as claimed in claim 1, wherein the

semiconductor substrate comprises silicon germanium.



sem conductor substrate conprises silicon. 5. The nethod as clainmed in
claim1, wherein the sem conductor substrate conprises silicon germanium 9
6. The nethod as clainmed in claiml1l, wherein the conductor is conposed of
doped sem conductor, polysilicon, netal, metal conpound or a conbi nation
thereof. 7. The method as clained in claiml1, wherein the insulating |ayer
conpri ses undoped silicate glass. (USG. 8. The nethod as clained in claim

1, wherein the thigknasshed bke sldimed £arkaadieort ai whegelfinl nohes | ess
than 500 A. 9. The nethod as clainmed in claim1, wherein the silicon

car bon- comtdiiatiarg fi im i s cohposed car bifde( SBaped 10. sEwigmtdhmties cl ai ned
inclaiml, wherein the carbon content of the silicon carbon-containing
film expelosiliownll natwl rethetads PEPAEAG nO&l aifm FOWMdR PR he

di el ectric constant (k) of the low dielectric constant |ayer is |ess than
'3.0. 12.th$#%EP¥ethod as clainmed in claim1, wherein the |ow dielectric
constant layer is fornmed by chem cal vapor deposition (CVD) and/or Spin-0On

net hod. 13. T{]'eco héjgggé}’lﬁ'g?gamdci%i'ﬁé&i %1,01\/g1% e'in W;%reli%"v ielectric

constant | aye ni ¢ m and/or orgahic film 14. The

SEBROO' a8 GhEl OBy | TP A ordpr YOEE ShflabPEd ¥itibaet &Dgshokesks.|ess than

8. The method as claimed in claim 1, wherein the
thickness of the silicon carbon-containing f£ilm is less

than 500 A.

9. The method as claimed in claim 1, wherein the

silicon carbon-containing film is silicon carbide{(SiC).

10. The method as claimed in claim 1, wherein the
carbon content of the silicon carbon-containing £ilm

exceeds 20%.

11. The method as claimed in claim 1, wherein the
dielectric constant (k) of the low dielectric constant

layer is less than 3.0.

12. The method ags claimed in claim 1, wherein the
low dielectric constant layer is formed by chemical vapor

deposition (CVD) and/or Spin-On method.

"13. The method ag claimed in c¢laim 1, wherein the
low dielectric constant layer comprises inorganic film

and/or organic film.

14. The method as claimed in claim 1, wherein the

width of the hole is less than 9504,

10



10 15. The nethod as clainmed in claiml1, wherein the wdth of the trench
is less than 1300A. 16. The nethod as clainmed in claim1, wherein the
lining | ayer conprises Ta and/or TaN. 17. The nethod as clainmed in claim1,
wherein the copper or copper alloy is forned by chem cal vapor deposition
(CVD) and/or physical vapor deposition ' (PVD). 18. The nethod as clainmed in
claim1, wherein the copper or copper alloy is forned by plating. 19. A
metal structuwws, CEHEIhétRed assafliiemdlicior ciubat riat ewhetbia eteduct or
thereon; an insulating |ayer overlying the sem conductor substrate having
a hol e tinatteh rofexgesithgerdie isdmhettdrgn d3dddducti ve plug substantially
filling the hole and electrically connecting the underlying conductor; a
silicon carbon-containing filmoverlying the insulating | ayer and the

conductive plif: dhowaberdcEs ST S8 over | YRRGSERe tRG | i con
car bon- cont ai ni fil atrench in e | di el ectric constant |ayer and
t he siIi%ﬁﬂﬂ?ﬁui%%ﬁ?xéﬁ@ﬁ?ﬁ?ﬁff ?rﬁnéz1 ggﬁ%pper or capper alloy conductor
substantially filling the trench, electrically connecting the conductive
plug. 11 20. jipe SERUCLUERLAS & abiBbndd $halcTalth WhehBkRein the

copper or copper alloy is formed by chemical vapor

deposition (CVD) and/or physical vapor deposition (PVD).

18. The method as claimed in claim 1, wherein the

copper oOr copper élloy is formed by plating.

19. A metal structure, comprising:

a semiconductor substrate with a conductor thereon;

an insulating layer overlying the semiconductor
substrate having a hole therein exposing the
conductor;

a conductive plug substantially £filling the hole and
electrically connecting the underlying
conductor;

a silicon carbon-containing film overlying the
insulating layer and the conductive plug;

a low dielectric constant layer overlying the
gilicon carbon-containing film}

a trench in the low dielectric constant layer and
the silicon carbon-containing film; and

a copper or copper alloy conductor substantially
filling the trench, electrically connecting the

conductive plug.

i1



t he conductive plug conprises tungsten. 21. The structure as clained in
claim19, wherein the conductor conprises netal silicide. 22. The
structure as clainmed in claim19, wherein the sem conductor substrate
conprises silicon germanium 23. The structure as clained in claim19,
wherein the conductor is conposed of doped sem conductor, polysilicon,
netal, nmetal conpound or a conbination thereof. 24. The structure as
claimed in clgpm lPhe WaekaBurkhead nabhtinedg inayela ronpei, sesheraioped
silicate glass (USG. 25. The structure as clained in claim19, wherein
t he t hi ckhessonfiuthivsiplognccaphbsesontagsier-filmis |ess than 500 A
26. The structure as clained in claim19, wherein the silicon
carbon-containing filmconprises silicon canbide%%SiC3. 27.. The, structure

as clai med i n2ttai Fhe o staMetaine 2MeclaiPs ddht ehtiBf e YPFTLHA
carbon-containiagafiln1 exceeds 20% .28..The,structure as clained in claim

19, wher PR CPR F@FeE?WPElﬁﬁﬁswgﬁ?l(E}lﬁ?l? & low dielectric constant

| ayer is less than 3.0. 12 29. The structure as claimed in claim19,

wherein the Low digleclri tqg?t t hiayged Sid OEMBImby Lhewheakinvapor
deposition ( ) a%g%or §%§:- n%?hgﬁ. 30. The structure as clained in

cl ai m 19¢,whgkgk Bonductor substrate comprises silicon germanium.

23. The structure as claimed in claim 19, wherein
the conductor is composed of doped semiconductor,
polysilicon, metal, metal compound or a combination

thereof.

24. The structure as claimed in claim 19, wherein
the insulating layer comprises undoped silicate glass

(Usa) .

25. The structure as claimed in claim 19, wherein
the thickness of the silicon carbon-containing film is

less than 500 A.

26. The structure as claimed in claim 19, wherein
the silicon carbon-containing film comprises silicon

carbide (SiC).

27 . The structure as claimed in claim 19, wherein
the carbon content of the silicon carbon-containing film

exceeds 20%.

28. The structure as claimed in claim 19, wherein
the dielectric constant (k) of the low dielectric

constant layer is less than 3.0.

12



the low dielectric constant | ayer conprises inorganic film and/or organic
film 31. The structure as clainmed in claim19, wherein the wdth of the
hole is | ess than 950A. 32. The structure as clained in claim19, wherein
the width of the trench is |l ess than 1300A. 33. The structure as clainmed in
claim 19, wherein the lining |layer conprises Ta and/or TaN. 34. A netal
structure, conprising: a sem conductor substrate with a nickel silicide

t hereon; an iUl afidgst aMBEuRHErdsy | dlaithed Serl canghiiet @p, SeHmdgiat e havi ng
a hole therein exposing the conductor; a conductive plug substantially
filling gle boweddrdectlrdet reamétyntcohagerti ig t hermedeblyyigtemicmiduct or; a
silicon carbon-containing filmoverlying the insulating |ayer and the
conduct i vapqt idgpesibienli €762} rard tonstait-Payeethor | ying the silicon
carbon-containing film a trench in the |low dielectric constant |ayer and

the silicon carbon-containing film and, 13 a_.copper. or .co r allo
conduct or sub{ antTB¢ | FEXPEERTRg atshecg??aﬂ%ﬂ, 18 ¢ ?}%allﬁypgugkh%%w %g t he

ConduCt ] e Pt B STIR O AR C! FLYBH | JofibPl 8284 s MRSEMTL t he

pl I'Ses ‘tungsten.
film and/or organic £ilm.

31. The structure as claimed in claim 19, wherein

the width of the hole is less than 950A.

32. The structure as claimed in claim 19, wherein

the width of the trench is less than 1300A.

33. The structure as claimed in claim 19, wherein

the lining layer comprises Ta and/or TaN.

. 34. A metal structure, comprising: .

a semiconductor substrate with a nickel silicide
thereon;

an insulating layer overlying the semiconductor
substrate having a hole therein exposing the
conductor;

a coﬁductive plug substantially filling the hole and
electrically connecting - the underlying
conductor;

a silicon carbon-containing £film overlying the
insulating layer and the conductive plug;

a low dielectric constant layer overlying the
silicon carbon—containiﬁg film;

a trench in the low dielectric constant layer and

the silicon carbon-containing film; and

13



36. The structure as clained in claim34, wherein the thickness of the
silicon carbon-containing filmis |less than 500 A. . 37. The structure as
claimed in claim34, wherein the carbon content of the silicon
carbon-containing film exceeds 20% 38. The structure as clainmed in claim
34, wherein the dielectric constant (k) of the low dielectric constant

| ayer is | esa t kapp8x0. 089. cdppest raklay e candsicdiared siubbetiagithaddy wher ei n
the width of the hole is |ess than 950A. 40. The_structure' as clained in
cl ai m 34, wherei n £hklindt Ahef trrechr eRéRCLE1raddyt RRANESEART 41e The

structure as clained iin claim34, wherein the lining | ayer conprises Ta
and/ or TaN. 14 conégctlve pfug. 9 y P

35 The structure as claimed in claim 34, wherein

the conductive plug comprises tungsten.

36, The structure as claimed in claim 34, wherein.
the thickness of the silicon carbon-containing film is

less than 500 A.

37. The structure as claimed in claim 34, wherein
the carbon content of the silicon carbon-containing £ilm

exceeds 20%.

38. The structure as claimed in claim 34, wherein
the dielectric constant (k) of the low dielectric

constant layer is less than 3.0.

39. The structure as claimed in claim 34, wherein

the width of the hole is less than 950A.

40. The structure as claimed in claim 34, wherein

the width of the trench ig less than 1300A.

41. The structure as claimed in claim 34, wherein

the lining layer comprises Ta and/or TaN.
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