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. 1 BACKGROUND OF THE
INVENTION The miniaturization of microelectronic devices and the need for
higher speeds have created a demand for low dielectric constant (low-k)
materials. Fluorinated amorphous carbon and fluorocarbon polymer films
exhibit excellent 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, Ti,
TiN, and Al, etc., in contact
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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 semj r [ ' a silicon carbide

(SiC) etch barrier isi%g eﬁ %ﬁ%%@ms Patent No.

5,744,817 to Shannon describes a hot carrier transistor and a method of

making a hot carrier transistor wherein the emitter region films 20a, 20b may

comprise silicon-rich amorphous silicon carbide. U.S. Patent No. 5,736,457 to

Zhao describBg aMHRINSHIGRHAKiRY difnelertaemicslRgscanaothgsneed for

where an IMD layer 105 may be comprised of SiC. U.S. Patent No. 3,830,668
highprespeatts/ ke deateibasigmrnidotpbiolwr shislg elaceriasiairidleairg materials.

layers in semi-conducting materials. A block of SiC is
Fluorinated amorphous carbon and fluorocarbon polymer films exhibit excellent

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, Ti, 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.



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 damasgcepe proc Wi ielectric layer 340 that,may be comprised of .
SIC. 3 SUMMARAPBRINE NGO ARLBIThG- 1 Lo SEJoSt B tha anoistor

present invention to provide a method of forming a barrier layer for use with
anid BrimaEP il N 1aefs &PW%@%@%P&i&raéeﬁ%ﬂa%@wtsgfeglon films

Another object of the present invention to provide a method of forming a
209a Ay magE cRINDESStHIMIb RISt a B iRBew SRR elidsy 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

U.S. Patent No. 5,736,457 to Zhao describes a method of making a

single or dual damascene process where an 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.



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 egjhod, luorinated. dielectric layer is
formed over the sem&‘?ﬁ@%&%ﬁ%&ﬁ@gﬁggﬁﬁu 5 cgldielectric layer is
patterned to form an opening therein. A silicon-rich carbide barrier layer is
formed within the opening. 4 A metallization layer is deposited over the
structure, filling the silicon-rich carbide barrier layer lined opening. Finally,
the metallizAtSiTEfREMay bl RanaRiEEH ©f formRIpiIaRkIZYEgRHEMR to Provide a
structure within the silicon-rich carbide barrier layer lined opening. 5 BRIEF
methgd RiBTIOMNO# traE D Ry fec Ssehsitbafinersnad b dielesitedafarreand / or
present invention will be more
intermetal dielectric layers (IMDs).

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.



clearly understood from the following description taken in conjunction with the
accompanying drawings in which like reference numerals designate similar or
corresponding 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

A“rrrll%tg X a6 (Sln laager 1S %ecr)Q/aetllc ) Irlillsg 1611;[‘% ”tlﬂ(flr Osst se¢t onal rbide
represenétla]tlon secon odiment O he present nve thﬂ B%%/&]l‘f_}kﬁa

DESCRIPTION OF THE PREF D EMBODIMENT First Embodiment -
bagrier JRTSEREheREEBIingRA R Tt RS SORVCBRdRIgRRTiZed to
structure 10 is understood to possibly include a semiconductor wafer or
fosgpatklanabme Bede %&w&@graﬂaeuﬁtaﬁ%hﬁébt%md@omﬁwwl@@ lined
formed within the wafer, conductive layers and dielectric layers (e.g.,
opatengoly 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 B?{fﬁgﬁrﬁgﬂpﬁﬂglfgﬁcﬂ%?g%”.g%g%er an ILD
layer with condu , , or an IMD
layer with metal plugs or lines exposed (not shown). 7 Metal lines 12, for
example, are formed over semiconductor structure 10. Metal lines 12 may be
formed from one or more materials selected from the group comprising
aluminum (Aleafgatiisn Hepra ArRkpgar of) the perqaiuin EHHiRh gt pe more
(W) with a titanium (Ti) / titanium nitride (TiN) and / or tantalum nitride (TaN)
clenskyl wadesstiegdr fantateepfetbrabiefstaseti piienatatnuin-copparctipoy with the
(Al-Cu) with a titanium (Ti) / titanium nitride (TiN) barrier layer. For
accompanying drawings in which like reference numerals designate similar or

corresponding 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.



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

SUuChye R PHTB ANERIB IR BRTEDREAAR LT RO T
prercianty moriraguut L1UU W DUUI‘\ UNnCKR., ST |ayel’

14 is formed within a plasma enhanced chemical-vapor deposition (PECVD)
chamber (not shown) by varying the ratio of silane (SiH4) and the source of
.carbon (such as CZH2 CH4 C2H6 etc.). The ratio of silane to the 8 source

Figst-EmbadimentraL{ boy- ehome | and aryl-substituted silane
precursors (e.g. (CCH3)S|H3) may be used instead of silane. Alternatively,
SRC layer 14 may be formed by physical vapor deposition (PVD) on a

magnetron sputtering equipment using a graphite target and
Accordingly as shown in Fig. 1, starting semiconductor structure 10 is

understood to possibly include 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).



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 500C; 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

450C, and e prefer ?Iy about 40?0; ressure - from about 0.01 tg 10
Torr and mOIG RS o eI 26 DHHOR (Ve FOHFaBout Pightructure
preferahly from about 3 to 10 seconds; and

1(}2110}{9{5&%%%%5# i?sdlan@\?&ff?ecéﬂrﬁ%e%fﬁ%%ﬁ/ ebUPRE (B'PISEIRS sekrsiRbbERm the

200 to 5500W, and more preferably at about 1000W. Alternatively, SRC
SRy Br MRS BES fafHad My Kk A vapBruaEsesEeh tHoD (O & agpeRen (Cu),
sputtering equipment using a graphite target and silane gas. The main
arspittegatgpdianetdls ardtapower (Ihptivedmabounittdd CHN kavidnagndaantalum
field - between about 20 and 200 Gauss; temperature - between about 20
niarideb KN jandk pilebstiier bekveardaheupfeiesaisyl Othrad @f.a aluminum-copper
alloy (Al-Cu) with a titanium (Ti) / titanium nitride (TiN) barrier layer. For

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, C2HS6, etc.). The ratio of silane to the



Dielectric layer, or ILD, 16 is deposited over SRC barrier layer 14. Dielectric
layer 16 may be comprised of any low-k dielectric material, more preferably
a fluorinated dielectric material such as fluorosilicate glass (FSG), and most
preferably a fluorinated polyimide, amorphous fluorocarbon, polytetra-
fluoroethylene (PTFE), Teflon(r) manufactured by DuPont, and parylene-F

PA-F).. The.fluorinated, dieJectric po thro por deposition
SOor %%lr(l) fccc)% Pr%nfolﬂ})%ng b} erm ggtmgntglj—'{(o\f’ purposes ﬁ]llus%?g gencll silane
dielectric layer 16 w ered to be comprised of a fluorinated

ill. be consi pr
Préigagsa ( %&d%%ﬁéﬁ%bm YeRtsIaRteR '% @R 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
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
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



As shown in Fig. 3, fluorinated dielectric layer 16 may be planarized to form
planarized fluorinated dielectric layer 16'. Although not shown, an undoped
silicon dioxide (oxide) is typically deposited over fluorinated dielectric layer
16 prior to planarization by chemical mechanical polishing (CMP). This is
done because not only is the CMP rate of the oxide layer is faster than a

Jjorinate tric terial layer, b also not well established
KRBT G or S o R cer ) Cbas A E B et g een

/ Low-k Dual Damascene Scheme As shown in artin semlconductor
abatictlRngo IS %ﬁdﬁ%%%epoéawmﬂw rm% B Rrer 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" isiieantrio ilagledeadellides ¥orimedepititach eeariddidubtorigafieryer 14.
and the layers overlying the wafer. Unless otherwise specified, all structures,
Dialetsicetaymayl beiaamndsk ocacqamizplshed by cwdatidieddenéthalstérialynmore
in the prior art. A "low-k" material is any material
preferably a fluorinated dielectric material such as fluorosilicate 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



that has a dielectric constant that is less than silicon oxide. 11 The upper
surface of semiconductor structure 100 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) or a conductor such as copper. 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 PIZASHZR AT cthid IAGENT RS 4G S PHSSRERO T8y ﬁmﬂzed
be formed over semiconductor structure 100. Cap layer 111, etch stop layer
to1 derand sasgivasorflagenatesladieleitdny Gowiprided deldnieanitRie shpym, an
and second planarized dielectric layers 104, 110 may be any low- k dielectric
umdateeidl siiove plafeide|yaxitle)risatedididle otdép asittediabsuchlagrinated dielectric
fluorosilicate glass (FSG), and most preferably a fluorinated dielectric
lapratdbapsitahto planarization by chemical mechanical polishing (CMP). This is

done because not 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



as a fluorinated polyimide, amorphous fluorocarbon, polytetra-fluoroethylene
(PTFE), Teflon(r) 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 Although a dual
damascene structure is formed, the present invention is not so limited and a

single damascene structure, for example, or other stryctur ay he formed.
First and SeLbRd RS el S E Tt S (e efedmiprised of
constant from about 1.5 to 3.0. As shaown in Fig. 6, silicon-rich carbide (SRC)

a Giglrstiig yeT S ket BekraRe! SUIANRE SYEycenfikrgauRlugs exposed, an

_ damascene opening 102. SRC barrier layer 112 is from about 30 to 2000A

mﬂﬁirén,eéa%dlmre(&é?&aary&fb%@%d@woma%maﬂh@k@m bagfepx@rsed (not
112 is formed within a plasma enhanced chemical- vapor deposition

shPEQ D pettandbetqinet dhewedgerarying the ratio of silane

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



(SiH4) and the source of carbon (such as C2H2, CH4, C2H6, 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

and 200 Gauss; the temperature is from about 20 and 500C; and the

pressure is from about 0.1 and 1000 mTorr. SRC layer 112 has a dielectric
constant of fr about 4 to 7. The parameters for forming SRC layer 112

are: temperét hovgba éﬁaﬂ@%@%emuamm@ a%fypgsa%&%wenﬂon
pressure - from about 0.01 to 10 Torr, and more preferably from about 0.5 to

is nrbpe fivmitedamchB iRl eoPanAsEeRRdETURtHTRORT prefaRISHOFShap stitucture

3 to 10 seconds; and microwave or RF power can be capacitively coupled to
mpjabmépafedm about 200 to 5500W, and more preferably at about 17000W.
Metal barrier layer 114 is then formed over SRC layer 114 within dual

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
(SiH,) 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



damascene opening 102. Metal barrier layer 114 may be comprised of Ta,
TaN, Ti, 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

o R RIS it By SO s B Lt Do ety dpessure is

second quormat d dlelectrlc layers 104, 110. SRC barrier layer 112 prevents
frofmaagH Y U890 dRHsed from first and / or second fluorinated
dielectric Iayers 104, 110 into metal barrier layer 114 as will be described
below. 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 .Chemiﬁﬁ@dﬁmiﬂﬂﬂva%@heéﬁmm canitinanef dardyonabontiaihitg 7. The
pasrgfliﬁ;s for forming SRC layer 112 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.

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, Ti,
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



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 within SRC film 14; and
PECVD sili bide 6 Due h| h react enden en.flyorin
and silicon ﬁfié?tnazl?] grrs]i icor| san?i grlo‘ﬁes %ﬁ@?ay fagla $in
that attracts and 15 traps.any fluorine atoms released from fluorinated Iayers
Sei@“ﬂafﬁ URgiatee QSFﬁiethtré%?ﬁ@’tﬁ eI migrating or diffusing to any
adjacent metal layer 12, 114 and 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 CoR(ohakivietajizalibh pechanto glif SR vdmiey Byering relghsed from
allows the use of fluorine-containing low-k materials, i.e.
first and / or second fluorinated dielectric layers 104, 110 into metal barrier layer

114 as will be described below.
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 Laver 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 within SRC film 14; 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

15



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 inyention, except as defined. h
S NG LR R TR T 0 R 11 RORBHER OPYShmilg bt o a0 and
structures in a semiconductor devi_cF, comprising the steps of: irovidin

a
PSS AR ST B2 o A BB e AREIBLIACIRY Sr Tl 4t 12,114 and

semiconductor structure; patterning said dielectric layer to form an opening
thiprerenstiagnming cosnrisHHemsdhs datsEn aghesipribeaneep dhighms.

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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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 comprising 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. 17 5. The method of claim 1, wherein said at least one
dielectric layer is comprised of a m&EA M6 cted from the group comprising
fluorgsilicate glass (FSG), fluorinated polyimide, amorphous fluorocarbon,
Wﬁcﬂlﬂ@ﬁa-fluoroethylene (PTFE), Teflon(r), and parylene-F 6. The method of

claim 1, wherein said silicon-rich carbide barrier layer is from about 30 to
1.2000A thiekhod of forming interconnect structures in a semiconductor device,

comprising the steps of:

providing a semiconductor structure;

forming at least one dielectric layer over said semiconductor structure;

patterning said dielectric layer to form an opening therein;

forming a silicon-rich carbide barrier layer within said opening;

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 comprising 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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7. 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 450C, 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 400C, a pressure from about 0.5.to 2.0 Torr, for about from 3 to 10 .
5-seco ngt‘&%%ﬁﬁaofiﬁlﬁiﬁlrﬂcﬁ@%%%%tS‘F?ﬁém%%{?h‘db“ié%ﬁéAstﬁ?&RPnsed
18 10. The method of claim 1, wherein said silicon-rich carbide barrier layer is
off rmidd isyial Pyatepieste SOWitHEa ey RetrtomEpiftBeng eoinpiieteadass (FSG),
temperature of from about 20 and 500C, a pressure from about 0.1 to 1000
flwoTimatedndad yiraiphetiarfiekpbetwenaboatkgnap BootGatlssredthyhene (PTFE),
method of claim 1, wherein said silicon-rich carbide barrier layer has a
Tetlon®, and parylene-F

6. The method of claim 1, wherein said silicon-rich carbide barrier layer is from

about 30 to 2000A thick.

7. 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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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. 19 m d of
1%rmlﬁéqn{eﬁébﬂﬂee SHIgR ks WS TS R B s Caelaﬁﬁngﬁ@ﬂ#elayer is

steps of: providing a semiconductor structure; forming at least one fluorinated
forgmed difectri® Ml erRinsesaidy bimcandu B SR IRY WeiRen CafdRmRAstat 2

one fluorinated low-k dielectric ILD
temperature of from about 20 and 500°C, a pressure from about 0.1 to 1000 mTorr,

and a magnetic field between about 20 and 200 Gauss.

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.

19



layer is comprised of a material selected from the group comprising
fluorosilicate glass (FSG), fluorinated polyimide, amorphous fluorocarbon,
polytetra- fluoroethylene (PTFE), Teflon(r), 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; forming a metal barrier

1gayer§ver %ﬁgjdsm -rich carbkde layer; de 05|$|n a metallization Iayﬂoov

I{’le s ormm& 1n eﬁ'C% nect Structures 1in _a semlg%n r %{evice,
the structure and filling saic® metal barrier layer/ silicon-rich carbide layer

lined opening; and planarizing said metallization layer to form a planarized
COREFLRS ERGrEt SRR said silicon-rich carbide barrier layer lined opening. 16.
The method of claim 15, wherein said metal structure is comprised of a
mateREPSElEegad FeonCHIgEap CERTAE g Al, W, Ti, and Cu. 17. The
method of claim 15, wherein said metal structure is comprised of Cu. 20 18.
The feethoogof ataideds, wirereiflsaithatethl dJouclurediele@ridduddyer over said
damascene structure.
semiconductor structure; wherein said at least one fluorinated low-k dielectric ILD

layer is comprised of a material selected from the group comprising 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;

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 comprising Al, W, Ti, and Cu.

17. The method of claim 15, wherein said metal structure is comprised of Cu.
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19. The method of claim 15, wherein said silicon-rich carbide barrier layer is
from about 30 to 2000A thick. 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 450C, a

ressyre from.about 0.01 to 5.0 Torr, for about from 200 seconds to form
Etemyi et pn AU H AR S ol ok W R
of claim 15, wherein said silicon-rich carbide barrier layer is formed within a
dasRAsCAN RUMBET St a temperature of about 400C, 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
19magnidtromsplotie rivfy dejuip i nivdtesicin sichertinore-otfrorarhbbritbaeragrdlayer is
500C, a pressure from about 0.1 to 1000 mTorr,
from about 30 to 2000A thick.

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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and a magnetic field between about 20 and 200 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 apout 4,0 t0 5.0, an id fluorinated low-k dielectric Jayer a
oA e R e AL A S e a3 2000 mTorr

wherein said metal barrier layer is from about 50 to 2000A thick. 27. The
aﬂﬂ&ﬁﬁ%\ﬁ&aiﬁ?@s’?m@%ﬂﬁé&utr%%@ 10t G#24E5a Cu single damascene

structure. 22

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.

22



