METHOD OF USI NG SI LI CON RI CH CARBI DE AS A BAIM ER
MATERI AL FOR FLUORI NATED MATERI ALS FI ELD OF THE

I NVENTI ON The present invention relates generally to
form ng interconnect structures in sem conductor
devi ces, and nore specifically to nethods of

i ncorporating fluorinated anorphous carbon and
fluorocarbon polyners in the formation of

i nterconnect structures in sem conductor devices.
BACKGROUND OF THE | NVENTI ON The m ni aturi zati on of

m croel ectroni c devices and the need for higher
speeds have created a demand for low dielectric
constant (lowk) materials. Fluorinated anorphous
carbon and fluorocarbon polymer filns exhibit
excellent low dielectric constant properties due to
the incorporation of |ess polarizable fluorine atons.
One of the primary concerns with these filnms is that
they release fluorine upon heating. Materials, such
as Ta, TaN, Ti. TiN, and A, etc., in contact wth
these filnms may react with the fluorine and / or
fluorine bearing species

METHOD OF USING SILICON RICH CARBIDE AS A BARRIER MATERIAL

FOR FLUORINATED MATERIALS

FIELD OF THE INVENTION

The present invention relates generally to forming interconnect
structures in semiconductor devices, and more specifically to methods of
incorporating fluorinated amorphous carbon and fluorocarbon polymers in the

formation of interconnect structures in semiconductor devices.



thereby conprom sing the interfacial adhesion between
the films and nmaterials. Thus, a fluorine diffusion
barrier is needed for the integration of fluorinated
lowk materials. U S. Patent No. 5,817,5712 to Chi ang
et al, describes a nethod for formng

i nterconnections for sem conductor fabrication and
sem conduct or devices. |In one enbodinent, a silicon
carbide (SiCl, etch barrier is used in a dua
damascene process. 2 U5S, Patent No. 5,744, E+ 7 to
Shannon descri bes a hot carrier transistor and a

hod of Ki . . .
ger#t?eroreg?oh%!% ﬁé&b@gﬂgggﬂéﬁtﬁtﬁéﬁmer ein the

silicon-rich. anorphous silicon carbide. U S Patent

No. 5,736,457 to Zhao descri bes a nethod of neking a
S|ngle or dual damascene process where an.

| ayea’ 10. Bherayindugerion; §EdméfoeélctliomcLﬂ%’lcqsa?%tﬂ‘?\ld‘eed for
3,83,668 to Dearnaley et al. describes a nethod of

highei spgedd leoterdreatd y demsuti dei loy dlimleetris donstant (low-k) materials.
sem -conducting materials. A block of SiCis

FlubadhaE @ehoMphbusdERbON andl dlfcesdariod pylymeorfilmadixathioexcellent
damage and rel eases a certain

low dielectric constant properties due to the incorporation of less polarizable

fluorine atoms.

One of the primary concerns with these films is that they release
fluorine upon heating. Materials, such as Ta, TaN, Tij, TiN, and Al, etc., in contact
with these films may react with the fluorine and / or fluorine bearing species

thereby compromising the interfacial adhesion between the films and materials.

Thus, a fluorine diffusion barrier is needed for the integration of

fluorinated low-k materials.

U.S. Patent No. 5,817,572 to Chiang et al. describes a method for
forming interconnections for semiconductor fabrication and semiconductor devices.
In one embodiment, a silicon carbide (SiC) etch barrier is used in a dual damascene

process.



amount of carbon inpurity atonms fromtheir
substitutional sites. The structure is irradiated
with | ow energy el ectrons and then anneal ed i n which
the rel eased carbon atons migrate and precipitate in
the region of the radiations.-damaged | ayer. US,
Patent No, 5,891,803 to Gardner describes a dua
damascene process with a dielectric |layer 340 that
may be conprised of SiC. SUWMMARY OF THE | NVENTI ON
Accordingly, it is an object of the present invention
to provide a nethod of formng a harrier |ayer for
use W th fill.gopPita@tIqd. 5142/82T td Slkarind) @leScrdaéla hoOkarrier transistor
iritermetal dielectric layers (I11s). Another object

qhatheRloaSEthakiRy eanﬁétoc%ntl& PARKk ISy R IR 1@ cermter region films
formng a barrier~|ayer f use wth fluorinated

e ha

t hrough the barrier laver. Oher objects mnll appear
hereinafter. It has now been di scovered that the
above. and _other objects of the present invention m

be acconpl{-shBaterhNone Boitoin dhaeraesaibes gpaethpicefl mgking a

a semconductor structure is provided. In the first
emgbirrdaal dampsdenaprocessevimee ah IMD layer105 may be comprised of SiC.

U.S. Patent No. 3,830,668 to Dearnaley et al. describes a method of
forming electrically insulating layers in semi-conducting materials. A block of SiC is
irradiated with protons to form a layer or radiation damage and releases a certain
amount of carbon impurity atoms from their substitutional sites. The structure is
irradiated with low energy electrons and then annealed in which the released

carbon atoms migrate and precipitate in the region of the radiation-damaged layer.

U.S. Patent No. 5,891,803 to Gardner describes a dual damascene

process with a dielectric layer 340 that may be comprised of SiC.



line is formed over the sem conductor structure. A
silicon-rich carbide barrier layer is formed over the
netal |ine and sem conductor structure. Finally, a
fluorinated dielectric |layer is formed over the
silicon-rich carbide layer. In the second enbodi nent,
at least one fluorinated dielectric layer is forned
over the sem conductor structure. The fluorinated
dielectric layer is patterned to forman opening
therein. A silicon-rich carbide barrier layer is
gorneq mgthin the opening. 4 A netallization layer is

eposi ted over t tr [ silicon-rich
carbide Barri erg.ﬁ%"ﬁﬁ %ﬁ"%%gﬁ{vﬁ&ﬁ@ﬁﬁm ly, the
nmetallization |ayer may be planarized to forma

pl anati zed netal stucture within the silicon rich
carbide barrier |ayer Iined opening. BRI EF | i
DESCRI PTI ORFofingE iDisan et Y the atrgieas iapmption to provide a
advant ages of the present invention will be nore
obibad|of farmdeg s beuikr fayemierhesefvolth Bupnirepterbdickecyic layers and / or
taken in conjunction with the acconpanying draw ngs
iinferinfatat didldcker lapére(l@MDE. nuner al s designate sinilar or
agrrﬁsponding el enents, regions and portions and in

i ch:

Another object of the present invention to provide a method of
forming a barrier layer for use with fluorinated dielectric layers and / or intermetal

dielectric layers (IMDs) that blocks diffusion of fluorine through the barrier layer.

Other objects will appear hereinafter.

It has now been discovered that the above and other objects of the
present invention may be accomplished in the following manner. Specifically, a
semiconductor structure is provided. In the first embodiment, at least one metal
line is formed over the semiconductor structure. A silicon-rich carbide barrier layer
is formed over the metal line and semiconductor structure. Finally, a fluorinated
dielectric layer is formed over the silicon-rich carbide layer. In the second
embodiment, at least one fluorinated dielectric layer is formed over the
semiconductor structure. The fluorinated dielectric layer is patterned to form an

opening therein. A silicon-rich carbide barrier layer is formed within the opening.



Figs. 1 to 3 schematically illustrate in
cross-sectional representation a first enbodi nent of
the present invention. Fig. 4 is an enlarged portion
of Fig. 3 wthin the dashed Iine. box 4 - 4. Figs. 5
and 6 schematically illustrate in cross-sectiona
representation a second enbodi nent of the present
invention. ¢ DETAILED DESC RIIIF | ON OF THE PREFERRED
EMBODI MENT  First Enbodi nent odinment - Al / LowKk
Schene Accordingly as shown i o Fig. 1, starting

sem conduct or structure 10 is wunderstood to possibly
Arottabigaiaors Biycionthypositrd avad ¢ine grucswbstiltiag ehe dbitdnvéctanabide
passi ve devices and interconnects and contact plugs

baoriee thywt tinkd obhlem‘?laﬁelﬁlly, GO REETIEMRN Ry & ﬁnfl lanarized to
dielectric layers (e inter-poly oxide ( C?

foein®S pRREY ed Hbl 8FLdHIE WM the @i'h@ol) rl&PEﬂEQle%\é?lrlertltﬂfer lined

waf er surface. The term "seani conductor structure’

g@gﬂﬁ'to i ncl ude devices formed within a sen1conductor
Tt%r and the | ayers overlying the wafer. Unl ess

ot herwi se specified, all structures, layers, etc. nay

be formed or acconplished by conventional nethods

known in the prior art. A



"1 ow k material is any material that has a
dielectric constant that is less than silicon oxide.
The upper suu-face of serntonductor structure 10 can
be conprised of a dielectric |ayer, e.g. ILD |ayer,
an I LLS layer with conductive plugs exposed, an
ianlernetal layer (Twit), or an IMD | ayer with netal

plugs or |ines exposed (not sISfSN,"'n). ,Mtal |ines
12, for exanple, are formed over sem conductor
structure 10. Metal lines 12 may be fornmed from one

or nore materials selected fromthe group conprising

al um num (Al ) ﬁ%ﬂ‘ﬁbgﬁﬁ‘lﬁﬁ%r ha.%h%%ﬁm&&s copper

(Cu), andtu”gblcn tW—wrth a trtantam (1)
titaniumnitride (TiN) and ; or tantal um n|tr| de

(TaN) netal barrier |ayer and are preferably fornmed of

a al um num copper allog with a titanium(Ti)
/i rt amum et fentyzes anRhe %aav@geéwﬂ th greseppnveptiph g pe’ more
of illustration,, netal lines 12 will be considered to
sleadp mmdiesséeb do froma thenfolawiegp gpssripbiph dgkepiAin-cmjungfiom veith the
barrier layer. Although a line structure is formred,
bhenpeyagt diawiagd iwwhish fike ®ferehdenireeraBndesigriags similar or
structures may be formed and used with the present

&M E4Pondihg elements, regions and portions and in which:

Figs. 1 to 3 schematically illustrate in cross-sectional representation a

first embodiment of the present invention.

Fig. 4 is an enlarged portion of Fig. 3 within the dashed line box 4 - 4.

Figs. 5 and 6 schematically illustrate in cross-sectional representation

a second embodiment of the present invention.



As shown in Fig. 2, silicon-rich carbide (SRC) |ayer
14 is fornmed over Al-Cu lines 12 and sem conduct or
structure 10 to forma barrier layer. Barrier |ayer

14 is from about 30 to 2000A thick, and is nore
preferably fromabout 100 to 500A thick. SRC | ayer 14
is formed within a plasma enhanced chem cal - vapor
deposition (PECVD) chanmber (not shown) by varying the
ratio of silane (Sills) and the source of carbon
(such as 021-12, CT-14, C21-16, etc.). The ratio of
silaxie to the S source of carbon may be fromO0.05 to
10. ADEYAILERADESGYRIFNUION OF THETOGREFERRED BEMBOWISOENST
(e.g. (CCCH'SIi-1:;) may be used instead of silane.
vifernativ Iy, SRC layer 14 may be fornmed by physica
vapor deposition (PVD) on a magnetr; on sputtering
BEM IRABSintéSit DRI ALo@ 18D nfe target and silane gas.
The main sputtering paraneters are: power - between
about i and 2.0 kW magnetic field - between about 20
and 200 Gﬁuss tenperature - between about 20 and

500" C, an ure - bet abo O 1 1000 i
mrorr, R% %{ ﬁﬂs heeyin nawgﬁe%l eéttaf topptryrighs 10 1s
c?erstoo Qcotlg)ostbgr mJude a semiconductor wafer or substrate, active and

passive devices and interconnects and contact plugs formed within the wafer,
conductive layers and dielectric layers (e.g., inter-poly oxide (IPO), intermetal
dielectric (IMD), etc.) formed over the wafer surface. The term “semiconductor
structure” is meant to include devices formed within a semiconductor wafer and
the layers overlying the wafer. Unless otherwise specified, all structures, layers, etc.
may be formed or accomplished by conventional methods known in the prior art. A
“low-k” material is any material that has a dielectric constant that is less than

silicon oxide.

The upper surface of semiconductor structure 10 can be comprised of
a dielectric layer, e.g. ILD layer, an ILD layer with conductive plugs exposed, an
intermetal layer (IMD), or an IMD layer with metal plugs or lines exposed (not

shown).



paraneters for formng SEC | ayer 14 are: tenperature -
fromabout 250 to 450C, and nore preferably about
400C;, pressure - fromabout 0.01 to "10 Torr, and nore
preferable fromabout 0.5 to 2 Torr; tinme - from about
I to 200 seconds, and nore preferably fromabout 3 to
10 seconds; and m crowave or EF power can be
capacitively coupled to plasma at from about 200 to
5500W and nore preferably at about 1000W

Al ternatively, SRt. layer 14 may he fornmed by physica
vapor deposition (PVtl) on a magnetron sputtering

equi pnent _usi a_graphite t t il . Th

e B L P Rl S B
| and 20 kvq nagnetlc field - between about 20_and

10z ddrtahlines 13 Byagdieatormed -romp engednmorhBigterts saipstesiofyem the

and pressure - between about 0.1 and 1000 mforr.
Picaipecimprisihgpbmingm (Al),Dilutdnurs-cdppersiliayd (Aviey), SRper (Cu),
barrier layer 14. Dielectric layer 16 may be

sdrpiigses (OF) iy al aniand (B) ¢aitahionmaitddé diN) apd e or tantalum
preferably a fluorinated dielectric material such as

hirMaE psiN)i RabELdtias Ry bR arcdfdferdBp Foriedl &TAhidhifum-copper
fl uori nated poly|n1de anor phous fluorocarbon

r F n
BRI ABDELSTD i WA T 58 o
purposes of illustration, metal lines 12 will be considered to be comprised of

aluminum-copper alloy (Al-Cu) with a barrier layer.

Although a line structure is formed, the present invention is not so

limited and other structures may be formed and used with the present invention.

As shown in Fig. 2, silicon-rich carbide (SRC) layer 14 is formed over
Al-Cu lines 12 and semiconductor structure 10 to form a barrier layer. Barrier layer
14 is from about 30 to 2000A thick, and is more preferably from about 100 to 500A

thick.

SRC layer 14 is formed within a plasma enhanced chemical-vapor
deposition (PECVD) chamber (not shown) by varying the ratio of silane (SiH,) and

the source of carbon (such as C2H2, CH4, C2H6, etc.). The ratio of silane to the



The fluorinated dielectric may be deposited through
vapor deposition or spin- coating followi3-[g by
thermal treatnent. For purposes of illustration,
dielectric layer 16 will be considered to be
conprised of a fluorinated dielectric. SIC barrier

| ayer 14 prevents diffusion of any fluorine rel eased
from fluorinated dielectric layer 16 into Al-Cu lines
12 as will be described below. Fluorinated dielectric
| ayer 16 has a dielectric constant fromabout 1.5 to
3.5. Further, the adhesion between silicon-rich

gelrtsk ¥ draboni enayl deefrorh40ahdo f0. ualidyhated 6 ledu@6litikd silane
| ayer 16, 16" is good due to the high chem ca
pompabrdielg (JCHYSHIBRAY Bé LidLOAsteA B dgnand
carbon-contai ning species. 10 As shown in Fig. 3,
fluorinated dielectric |layer 16 may be pfanarized to
formplanari ed fluorinated dielectric |ayer 16.

Al t hough not shown, an undoped ,silicon dioxide
(oxide) is typically deposited over fluorinated

di el ectri | ayer. 16 i,or tg planarization by _

cheni cal  AMERAMEN %%f i [QKFInd4 (B Yformed) by iphysig@neapor

?ecause Egb only is the CMP rate of the oxide layer is
RBBON(RYR) gn plReTeaR guttering equipment using a graphite target and

silane gas. The main sputtering parameters are: power - between about 1 and 20
kW; magnetic field -~ between about 20 and 200 Gauss; temperature - between

about 20 and 500°C; and pressure - between about 0.1 and 1000 mTorr.

SRC layer 14 has a dielectric constant of from about 4.0 to 7.0. The
parameters for forming SRC layer 14 are: temperature - from about 250 to 450°C,
and more preferably about 400°C; pressure - from about 0.01 to 10 Torr, and more
preferably from about 0.5 to 2 Torr; time - from about 1 to 200 seconds, and more
preferably from about 3 to 10 seconds; and microwave or RF power can be

capacitively coupled to plasma at from about 200 to 5500W, and more preferably at

about 1000W.

Alternatively, SRC layer 14 may be formed by physical vapor
deposition (PVD) on a magnetron sputtering equipment using a graphite target and

silane gas. The main sputtering parameters are: power - between about 1 and 20



dielectric material layer, but also Cls-lIi' is not

wel | established nor conpatible with fluorinated
organic Tow | f Exmaterial. Second T a both new - t'-~i
a?4 -k Llnai Dainas r.sae Scheme As shown in Pig. 5,
starting sem conductor structure 100 is understood to
possi bly include a sem conductor wafer or substrate,
active and passive devices forned within the wafer,
conductive |layers and d.ieiectric layers (e.g..
utter-poly oxide (fP0?), interfnetal dielectric
(llviD), etc) formed over the wafer surface. The

sem.c ctor structure" i ant to include
1&‘5& .neaeggl%rfw@ﬂ Ketw e ahowetl] U8 GRSveBPembire; hbetween
| ayers overl| g the wafer. Unless otherw se

ayais 26 prag 50%35; angt pigete e Setrespebaut Gt end HYP miEor.or med

or acconplished by conventional nethods known in the
prior art. P. "low-l: ~ material is any materi al
that has a dielectric constant that is |ess than

silicon ogidetrid laytReou[IIBr 165 i f@reited osenbROMuGéOkyer 14.
structure 100 can he. conprised of a dielectric

DRY&Hic ®aydr 1bLRaa¥ercon®itiskd Dbl aXenowilt MiaeRdyGhitgal, more
pl ugs exposed, an internetal layer (MD), or an | MD

fn%}/e%ibly}"at Rud®iRld BieiQSiO hadr 8 SubX RO REGr dsiRbte glass (FSG), and
most preferably a fluorinated polyimide, amorphous fluorocarbon, polytetra-
fluoroethylene (PTFE), Teflon® manufactured by DuPont, and parylene-F (PA-F).
The fluorinated dielectric may be deposited through vapor deposition or spin-
coating following by thermal treatment. For purposes of illustration, dielectric layer

16 will be considered to be comprised of a fluorinated dielectric.

SRC barrier layer 14 prevents diffusion of any fluorine released from

fluorinated dielectric layer 16 into Al-Cu lines 12 as will be described below.

Fluorinated dielectric layer 16 has a dielectric constant from about 1.5

to 3.5.
Further, the adhesion between silicon-rich carbide barrier layer 14 and

fluorinated dielectric layer 16, 16" is good due to the high chemical compatibility

between silicon carbide and carbon-containing species.

10



shots*n) or a conductor such as copper. Dua
danl ascere opening .102, for exaraple, is then.
formed within.. first and second planarized
dielectric |ayers 104, 110, respectively, separated by
optional etch stop layer 106, over semn conductor
Structure 100. Opt tonally, a cap layer 111 may be
formed over second planarized dielectric layer 110 and
a passivation |ayer 113 may be formed over
sem conductor structure 100. Cap |ayer 111, etch stop
| ayer 106, and passivation |ayer 113 are typically
conprised of silicon nitride. First and second
pl anarized dielectric |ayers 104. 110 may be any |ow
k di el ect rAscshomtreini Fib, 3, TRiceinRieal ERBLY 18 df Y %Agnﬁé Flnarized
dielectric material such as fluorosilicate glass
@5fa) 489S - - f i{nat ctric
R ) g e yl.%ﬁ-ﬁﬁsgﬁ%‘iﬁﬁ Pt an
. . -fLvi.eroet | ayl ene . i
p R AL R LRI BT B Dy fim.u?jfed diclectri
- For rposes O illustration, first an o
G T maicR o P RRERRgR by comicel Toechpcaineslibing: (WY This is
Lo hg conprised of a fluorinated dielectric. 12 '
one because ot only is the CMP rate of the oxide layer is faster than a fluorinated

dielectric material layer, but also CMP is not well established nor compatible with

fluorinated organic low-k material.

Second Embodiment - Cu/ Low-k Dual Damascene Scheme

As shown in Fig. 5, starting semiconductor structure 100 is
understood to possibly include a semiconductor wafer or substrate, active and
passive devices formed within the wafer, conductive layers and dielectric layers
(e.g., inter-poly oxide (IPO), intermetal dielectric (IMD), etc.) formed over the wafer
surface. The term “semiconductor structure” is meant to include devices formed
within a semiconductor wafer and the layers overlying the wafer. Unless otherwise
specified, all structures, layers, etc. may be formed or accomplished by
conventional methods known in the prior art. A “low-k” material is any material

that has a dielectric constant that is less than silicon oxide.

11



Al t hough a dual damascene structure is fornme ?d, the
present invention is not so limted and a single
damascene structure, for exanple, or other stEricture

may be forriied. First and. second fluorinated

di el ectric layer 104, 110 each have a dielectric
constant fromabout 1.5 to 3.0. As shown in .Fig. CS,
silicon-rich carbide (SRC) barrier layer 112 is

formed. over the structure of Fig. 5, lining dua
damascene opening 102. SRC barrier layer 112 is from
about 30 o 2000, thick, and nore preferably from about
100 to 500A Thick. SRC barrier layer 112 is formed .
within a phravRBCTsHRRAR RlPeRe Eslor SyugBre 198 580 pe sappprised of
(PECVD) c | ainber (not shown) by varying the ratio of

& dicdevdric [aSere)g. dhB layer, sodkledaysr wigh b@mdgt(céiue plugs exposed, an
Ad--L, C2H et '.). The ratio of silane to the

mourneel diye aido)), omyn BB fayer abitumeBal GBugorl BnesSkxposed (not
| ayer 112 may al so be fornmed by physical vapor

SRag iok heBndUddAYuchiat FopperBgnet ron sputtering

equi pnent using a graphite target and silane gas. The
power is formabout | and 20 kW the magnetic field is
bet ween about 20

Dual damascene opening 102, for example, is then formed within first
and second planarized dielectric layers 104, 110, respectively, separated by optional
etch stop layer 106, over semiconductor structure 100. Optionally, a cap layer 111
may be formed over second planarized dielectric layer 110 and a passivation layer

113 may be formed over semiconductor structure 100.

Cap layer 111, etch stop layer 106, and passivation layer 113 are

typically comprised of silicon nitride.

First and second planarized dielectric layers 104, 110 may be any low-
k dielectric material, more preferably a fluorinated dielectric material such as
fluorosilicate glass (FSG), and most preferably a fluorinated dielectric material such
as a fluorinated polyimide, amorphous fluorocarbon, polytetra-fluoroethylene
(PTFE), Teflon® manufactured by DuPont, and parylene-F (PA-F).. For purposes of
illustration, first and second dielectric layers 104, 110 will be considered to be

comprised of a fluorinated dielectric.

12



1. and 200 Gauss; the tenperature is fromabout 20 and
500C" and the pressure is fromabout 0.1 and 1000
nmrorr. Sic layer 112 has a dielectric constant of from
about 4 to ". The paraneters for form ng SRC | ayer
11.2 are: tenperature - from about 250 to 450C, and
nore preferably about 400C,; pressure - from about
0.01 to 10 Torr, and nore preferably fromabout 0.5
to 2 Torr; time - fromabout |I to 200 seconds, and
nore preferably fromabout 3 to 10 seconds; and

m crowave or RF power can be capacitively coupled to
pl asma at from about 200 to 5500W and nore preferably
at about 1000W Metal barrier layer 114 is then

fornmed ov @ﬂthS%q bhayar dackdscie SR AN forHBTRRE BABent invention
openi ng 102. tal barrier layer 114 may be conpri sed

2fnotado lﬁﬁ%d add a sfn?ie' (:?[J?I‘lascéé{e s\éufcturg{bfo g&arh@’s\l,’ ct)rgétﬁ%rowmre

Metal barrier lavel 114 nay be from -bout

1,GK. tallization layer is then deposited over
%ﬁgﬁég?é%%%re and planarized to formnetal plug 116.

Metal plug may be conprised of AI, W Ti, or

First and second fluorinated dielectric layer 104, 110 each have a

dielectric constant from about 1.5 to 3.0.

As shown in Fig. 6, silicon-rich carbide (SRC) barrier layer 112 is
formed over the structure of Fig. 5, lining dual damascene opening 102. SRC barrier
layer 112 is from about 30 to 2000A thick, and more preferably from about 100 to

500A thick.

SRC barrier layer 112 is formed within a plasma enhanced chemical-
vapor deposition (PECVD) chamber (not shown) by varying the ratio of silane
(5iH,) and the source of carbon (such as C;H,, CH,, C,H,, etc.). The ratio of silane to

the source of carbon may be from about 0.05 to 10.
SRC layer 112 may also be formed by physical vapor deposition
(PVD) with a magnetron sputtering equipment using a graphite target and silane

gas. The power is form about 1 and 20 kW; the magnetic field is between about 20

13



Cu and is preferably Cu. For purposes of illustration,
nmetal plug 116 will be considered to be conprised of
copper (Cu). 14 Metal barrier layer 1.1.4 prevents
diffusion of Cu into first and / or second
fluorinated dielectric |ayers 104, 110. SRC barrier

| ayer 112 prevents diffusion of any fluorine rel eased
fromfirst and / or second fluorinated dielectric

| ayers 1.04, 110 into netal barrier |ayer 114 as wl|
be descri bed bel ow. Further, the adhesion between
silicon-rich carbide barrier layer 112 and first and

se fluorinated dielectric,l ayers oL 10 i ood .
a1 200 cont” MeoRerds Boroomsll Phnf coisecuidale $988ure i
ilicon carbide an% car bon-cont ai ni ng speci es. Phases
P udd pnd L0Q0 T t 4. .- Conmon to Both Enbodi nents
Common to both the first and second enri bodi tnent, and
as shown in Pig. 4 (for exanple an enl arged portion
of Pig. 3 wthin dashed line box 4 - 4) silicon-rich
car bi de ( SRC)labar t12had aydirlectoic donbtant &4 filoandb&SRCE to 7. The
barrier layer 112) includes two distinct phases:
phraheens fsfantisgIRC Ryer PR ®ipeftireCafrbnt® o250 to 450°C,
and more preferably about 400°C; pressure - from about 0.01 to 10 Torr, and more
preferably from about 0.5 to 2 Torr; time - from about 1 to 200 seconds, and more
preferably from about 3 to 10 seconds; and microwave or RF power can be

capacitively coupled to plasma at from about 200 to 5500W, and more preferably at

about 1000W.

Metal barrier layer 114 is then formed over SRC layer 114 within dual
damascene opening 102. Metal barrier layer 114 may be comprised of Ta, TaN, Tij,
TiN, W, WN, Mo, or MoN, etc. Metal barrier layer 114 may be from about 50 to

2000A thick.

A metallization layer is then deposited over the structure and
planarized to form metal plug 116. Metal plug may be comprised of Al, W, Ti, or
Cu and is preferably Cu. For purposes of illustration, metal plug 116 will be

considered to be comprised of copper (Cu).

14



Due to a high reaction tendency between fluorine and
silicon elenents, silicon island regions 50 in SRC

| ayer 14 act as a "sink" that attracts and 15 traps
any fluorine atons released fromfluorinated |ayers
16, 1.6'; 104, '11.0 and prevents themfrom m grating
or diffusing to any adjacent netal |ayer 12, 114 and
thus reacting and conpronm sing the interfacia

adhesi on between the fil ns. Sunnary present invention

rovi de I f r 12
D VR OB R ) 0 oy P Py ona
sec&‘?&?i'u'ok Eéopaleﬁ&gﬂgfiafé%m 16 par ri er 'avef 14, 112
e use o ori ne-cont ai ni ng Iom#k materi al s,
|.e. quorlnated dielectric layers 16, 16'; IN,, 110,
as ird:erl.evel dieleclxics (11,D) and interinela

di el ect rdpe KdrMep' 1a¥éﬂe1ﬂ Pr&F s Sﬁﬁfﬁsﬂoﬁv\bik aHI Lﬂﬁdﬂlﬁé 8eased

dielectric, teria could not: be used as’IL,f

fro@nkst andDs ob G@@lﬂﬁleﬂﬁ(f)rlﬁil%ﬁ diblefridRyeRARI4, AM0 ‘Nltbhmetal barrier
nmetal |avers, and their poor adheS|on w th net al

layéralyidr 5. willhé Hesqaﬂfet:llbelldnar enbodi ments of the present
i nvention have been illustrated and described, it: is
not intended to limt the :triventlon, except as
def i ned

Further, the adhesion between silicon-rich carbide barrier layer 112

and first and second fluorinated dielectric layers 104, 110 is good due to the high

chemical compatibility between silicon carbide and carbon-containing species.

Phases of SRC Barrier Layer 14 - Common to Both Embodiments

Common to both the first and second embodiment, and as shown in
Fig. 4 (for example an enlarged portion of Fig. 3 within dashed line box 4 — 4)
silicon-rich carbide (SRC) barrier layer, or film, 14 (and SRC barrier layer 112)

includes two distinct phases: silicon islands 50; and PECVD silicon carbide 60.

Due to a high reaction tendency between fluorine and silicon

elements, silicon island regions 50 in SRC layer 14 act as a “sink” that attracts and
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by the following clains. 16 CLAIMS W claim 1. A

nmet hod of foraying interconnect structures in a

sem conduct or device, conprising the steps of:

provi ding a sem conductor structure; form ng at |east
one dielectric layer over said sem conductor
structure; patterning said dielectric layer to form
an opening therein; formng a silicon-rich carbide
barrier layer within said opening; the silicon- rich
carbide barrier layer including a first silicon island
phase and a second silicon carbide |ayer; depositing

a metallization | ayer over the structure a 14N
Gafao St B8Rt Pond e B ShomalyPu L bR Tielp! 1047410 and
openi ng; and pl anarizing. said netalljzation |ayer_ta
Prﬁw%ﬁta%rﬂr%ffgm PRGBS &F LI9SR Y adiemhmesal fver 12,114 and
silicon-rich carbide barrier layer lined openin?.

thus reacting and compromising the interfacial adhesion between the films.

Summary

The present invention provides a fluorine diffusion barrier 14, 112
than can be used in both Al-Cu / low-k and Cu / low-k metallization technology.
SRC barrier layer 14, 112 allows the use of fluorine-containing low-k materials, i.e.
fluorinated dielectric layers 16, 16’; 104, 110, as interlevel dielectrics (ILD) and
intermetal dielectrics (IMD). Heretofore, such low-k fluorinated dielectric materials
could not be used as ILDs and IMDs because of their fluorine reaction with metal

layers, and their poor adhesion with metal layers.
While particular embodiments of the present invention have been

illustrated and described, it is not intended to limit the invention, except as defined

by the following claims.
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2. The nmethod of claim1l, wherein said netal structure
is conprised of a material selected fromthe group
consisting of Al, W Ti, and Cu. 3. The nethod of
claim1, wherein said nmetal structure is conprised of
Cu. 4. The nmethod of claim 1, wherein said netal
structure is a Cu dual damascene structure. 17 5. The
nmet hod of claiml1l, wherein said at | east one
dielectric layer is conprised of a material selected

fromthe group consisting. orosilicate gl ass
(PSG, fluorinated polyi ;Aégﬁfannrphous

W#pﬁﬁ%{.ocar bon, poiytetra-fluoroethylene (P I'PE),
efl'on N?, and parylene-F 6. The nmethod of claim1,
whek el : e o bi e . .
L AckByal bSO Rp R L ek At dvic
anﬁpﬁwhg&ﬁégeﬁabﬂ silicon-rich carbide barrier |ayer is
from about 100 to 500 _ thick. 8. The nmethod of claim
1, phwiding asehdcaiducearstivctiivegar bi de barrier layer is
formed within a PECVYD chanber at a tenperature from
abolgrmgat leastSdieielactric layer over said semiconductor structure;

patterning said dielectric layer to form an opening therein;

forming a silicon-rich carbide barrier layer within said opening; the silicon-
rich carbide barrier layer including a first silicon island phase and a second silicon
carbide layer;

depositing a metallization layer over the structure and filling said silicon-
rich carbide barrier layer lined opening; and

planarizing said metallization layer to form a planarized metal structure

within said silicon-rich carbide barrier layer lined opening.

2 The method of claim 1, wherein said metal structure is comprised of a

material selected from the group consisting of Al, W, Ti, and Cu.

3. The method of claim 1, wherein said metal structure is comprised of Cu.
4, The method of claim 1, wherein said metal structure is a Cu dual damascene
structure.
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pressure from about 0.01 to 5Torr, for about from1l to
200 seconds to forma silicon- rich carbide |ayer of
fromabout 30 to 2000t\ thick. 9. The method of claim
7., wherein said silicon-rich carbide barrier layer is
formed within a PECYD chanber at a tenperature of
about 400'C, a pressure from about 0.5 to 2.0 Torr,
for about from3 to 10 seconds to forma silicon-rich
carbide Ilayer of fromabout 100 to 500A thick. 18 10.
The nethod of claim 1, wherein said silicon-rich
carbide barrier layer is fornmed by a PVD process

5 Venpit aPRORUM AR BHbIAR 500 AR SE0R i Btoyprisepapprised
of 30R1kerfh] lsetl%t%tg gpoc[:girﬁ{er giolt.ﬂ:p %ﬁf;{si% g(g ! gP&tﬂggg%Qi tgﬂf'sg "FsG),

about 20 an uss.
fludiested peifirkidel hheRPhéhs Auesdainis, fefila-fl

dielecp?i% constantﬁof fronlégggﬁlﬁégyto Té?ﬁgﬁggggfngFE»
Teftbre® e@idrpaiyledper has a dielectric constant of from

about 1.5 to 3.5. 12. The nethod of claim1l, wherein

said silicon-rich carbide barrier |ayer has a

dielectric constant of fromabout 4.0 to 5.0, and said

6. di eleemethod gfydainh dswhendiir badtsilicon-rich carbide barrier layer is from
about 30 to 2000A thick.

7a The method of claim 1, wherein said silicon-rich carbide barrier layer is from
about 100 to 500A thick.
8. The method of claim 1, wherein said silicon-rich carbide barrier layer is

formed within a PECVD chamber at a temperature from about 250 to 450°C, a
pressure from about 0.01 to 5 Torr, for about from 1 to 200 seconds to form a silicon-

rich carbide layer of from about 30 to 2000A thick.

9. The method of claim 1, wherein said silicon-rich carbide barrier layer is
formed within a PECVD chamber at a temperature of about 400°C, a pressure from
about 0.5 to 2.0 Torr, for about from 3 to 10 seconds to form a silicon-rich carbide

layer of from about 100 to 500A thick.
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constant of fromabout 2.2 to 2.9. 13. The nethod of
claim1, including the step of: formng a netal

barrier |layer over said silicon-rich carbide |ayer,
before said netallization | ayer deposition step. 14.
The method of claim1l, wherein said netal structure ,s
a Cu. single danascene structure. 19 15. A nethod of
form ng interconnect structures in a sen conductor
device, conprising the steps of! providing a

sem conductor structure; formng at | east one
fluorinated lowk dielectric | ayer over said

10.5€M 0 Qﬂé{gga FofS Eléﬂfélt Iy r&hﬁ@?ﬁ rsﬁ?gsﬁ?gg—r?ch Laerg%ﬁp Bgrgie% layer is

f 1 uori nat | ows él ec er i s conpr

forﬁ'fedarﬁggtae v BRIeSd Sfishinom RSP sgg&%gﬁ%: Enlgtgg’fnent at a

fluo ilicate glass (FSG, fluorinat

ten@para e ws fidni@beaer®aRd 5POCY tagbredsurk | fHaH bAY b8NS 1000 mTorr,
(1" TFF), Teflon@, and parylene-F; patterning said

and humoagrietic éidld betweediabbat20 ad PéYEGaut form an openi ng
t herein;
11.  The method of claim 1, wherein said silicon-rich carbide barrier layer has a

dielectric constant of from about 4.0 to 7.0, and said dielectric layer has a dielectric

constant of from about 1.5 to 3.5.

12. The method of claim 1, wherein said silicon-rich carbide barrier layer has a
dielectric constant of from about 4.0 to 5.0, and said dielectric layer has a dielectric

constant of from about 2.2 to 2.9.
13. The method of claim 1, including the step of:
forming a metal barrier layer over said silicon-rich carbide layer,

before said metallization layer deposition step.

14.  The method of claim 1, wherein said metal structure is a Cu single

damascene structure.
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formng a silicon-rich carbide barrier layer within
said opening; the silicon-. rich carbide barrier

| ayer including a first silicon island phase and a
second silicon carbide layer; formng a netal barrier
| ayer over said silicon-rich carbide |ayer; depositing
a netallization |aver over the structure and filling
said nmetal barrier layer / silicon-rich carbide |ayer
| i ned opening; and planarizing said netallization

| f | i zed netal struct i thin _
15.gar 8 Befhod oF Prmufin tpiefemnar Sen ol o seadicopiftag device
corﬁ?risi {I%efhgg{e gdgof claim 15, wherein said netal

S

ructure 1s conprised of a material selected from

t hep G dipgGORBiSsAMEtOf stfhctul Ti, and Qu. 17. The
met'hod of “cl ai m 15, wherein said netal structure is

confprisRg af st &éRe 18uofiRgted®tBAdK 0fdiQb&tid 18yer over said
wherein said netal structure is a Cu dual dandscene

sersicondtictoe strit@urd;hehemih eddoft 1edsabie Hoorinaesdelion-& alidectric ILD
silicon-rich carbide barrier laver is from about 30

layepispoogpisedmifekmaterial selected from the group consisting of fluorosilicate
glass (FSG), fluorinated polyimide, amorphous fluorocarbon, polytetra-
fluoroethylene (PTFE), Teflon®, and parylene-F;

patterning said fluorinated low-k dielectric layer to form an opening therein;

forming a silicon-rich carbide barrier layer within said opening; the silicon-
rich carbide barrier layer including a first silicon island phase and a second silicon
carbide layer;

forming a metal barrier layer over said silicon-rich carbide layer;

depositing a metallization layer over the structure and filling said metal
barrier layer / silicon-rich carbide layer lined opening; and

planarizing said metallization layer to form a planarized metal structure

within said silicon-rich carbide barrier layer lined opening.

16.  The method of claim 15, wherein said metal structure is comprised of a

material selected from the group consisting of Al, W, Ti, and Cu.

17. The method of claim 15, wherein said metal structure is comprised of Cu.
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20. The nethod of claim 15, wherein said silicon-rich
carbide barrier laver is from about 100 to 500A
thick. 21. The nethod of claim15, wherein said
silicon-rich carbide barrier laver is formed within a
PECVD chanber at a tenperature from about 1250 to
450C, a pressure fromabout 0.01 to 5.0 Torr, for
about from1 to 200 seconds to forma silicon--rich
carbi de | ayer of from about 30 to 2000A thick. 22. The
met hod of claim 15, wherein said silicon-rich carbide
barrier layer is fornmed within a PEG Vi) chanber at a

18.t erﬁgﬁ%a[f\%%dof f a@? O&he rsea§ ufn%talf Egmt ag ogt ?nogu dual

orr or about”’from O secon
dmﬁh&kﬁggﬁhb&ﬂecarblde | ayer of fron1about 100 to 500 A
hick. 23. The nethod of claim 13, wherein said

S|I|con rich carbide barrier layer is forned by a
PV13 process within a nmagnetron sputtering equi pnent
19.at 'Ehe indthog f adlaitre 15f wihieedin adatlisilikOnatith 848¢Ce Barrier layer is
pressure fromabout 0.1 to 1.000 rnTorr, and a
fropreajratti36 t6 2@0QA Hetkeen about 20 and 200 Gauss. 24. The
met hod of claim 15, wherein said silicon-rich carbide
barrier |ayer has a

20.  The method of claim 15, wherein said silicon-rich carbide barrier layer is

from about 100 to 500A thick.

21.  The method of claim 15, wherein said silicon-rich carbide barrier layer is
formed within a PECVD chamber at a temperature from about 250 to 450°C, a
pressure from about 0.01 to 5.0 Torr, for about from 1 to 200 seconds to form a

silicon-rich carbide layer of from about 30 to 2000A thick.

22.  The method of claim 15, wherein said silicon-rich carbide barrier layer is
formed within a PECVD chamber at a temperature of about 400°C, a pressure from
about 0.5 to 2.0 Torr, for about from 3 to 10 seconds to form a silicon-rich carbide

layer of from about 100 to 500 A thick.

23.  The method of claim 15, wherein said silicon-rich carbide barrier layer

is formed by a PVD process within a magnetron sputtering equipment at a
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dielectric constant of fromabout 4.0 to 7.0, and said
fluorinated lowk dielectric |ayer has a dielectric
constant of fromabout 1.5 to 3.5. 25. The nethod of
claim 15, wherein said silicon-rich carbide barrier

| ayer has a dielectric constant of fromabout 4.0 to
5.0, and said fluorinated lowk dielectric |ayer has
a dielectric constant of fromabout 2.2 to 2.9. 26.
The met hod of claim 15, wherein said netal barrier

et G RR0% 2043P 0BT i o B 000 o
anth ngalg%etig HIRPE& Mo bYGE 2 §ad 260 Gauss.

24.  The method of claim 15, wherein said silicon-rich carbide barrier layer has a
dielectric constant of from about 4.0 to 7.0, and said fluorinated low-k dielectric

layer has a dielectric constant of from about 1.5 to 3.5.
25.  The method of claim 15, wherein said silicon-rich carbide barrier layer has a
dielectric constant of from about 4.0 to 5.0, and said fluorinated low-k dielectric

layer has a dielectric constant of from about 2.2 to 2.9.

26.  The method of claim 15, wherein said metal barrier layer is from about 50 to

2000A thick.

27.  The method of claim 15, wherein said metal structure is a Cu single

damascene structure.
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