14 January 2005 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 specificall@%&%‘é?ﬁ%%g%
incorporating fluorinated amorphous carbon and fluorocarbon polymers in the formation of interconnect
structures in semiconductor devices. 1 14 January 2005 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

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.



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 & 4P HEEHREPa method
for forming interconnections for semiconductor fabrication and semiconductor devices. In one

embodiment, a silicon carbide (S%%ﬂ@é&mene process. 2 14 January
2005 U.S. Patent No. 5,744,817 ' stor 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 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. describesIathSMBR B ARG A cttiseamlersaning axires ﬁﬂéeﬁhecé\%dcﬁ% materials.

A block of SiC
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
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.



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 tHé {8 radiation-
damaged layer. U.S. Patent No. 5,891,803 to Gardner describes a dual damascene process with a

dielectric layer 340 that m%y e or%gtrii&d 02;53%% %374 arggeﬁryl/lZOOS UMMARY F;I'HE INVENTION
Accordingly, it is an object©ofth %tr ent Mvet; %{ 8pr Nide'a "MethSd o't Fr%ir?g %ar?ﬁeﬁrf?i{/er for use
with fluorinated dielectric layers and / or intermetal dielectric layers (IMDs). Another object of the present

invention to HiVRIY mBth3dBethithinh RdERE AR FarTiet WRARSIRISHNARST ¢k L RN and / or

intermetal dielectric layers (IMDs) that blocks diffusion of fluorine through the barrier layer. Other objects
will appear H&gipraftidms 20a, 20b may comprise silicon-rich amorphous silicon carbide.

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.



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 structuré? aﬁ}i‘@ﬂiﬁ-‘?fg@?carbide
barrier layer is formed over the metal line and semiconductor structure. Finally, a fluorinated dielectric

layer is formed over the silicon-richsgmmm&ﬁmem, at least one fluorinated
dielectric layer is formed over the : ted dielectric layer is patterned to
form an opening therein. A silicon-rich carbide barrier layer is formed within the opening. 4 14 January

2005 A metallization layer is deposited over the structure, filling the silicon-rich carbide barrier layer lined

opening. Finally, the metallization layer may be planarized to form a planarized metal structure within the

silicon-rich carbide barrieE§RIIREN opkAtnaN5OPIEgh M iy BbE B B R ORIP PRONId-arHE

DRAWINGS
method of forming a barrier layer for use with fluorinated dielectric layers and /

or 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.



The features and advantages of the present invention will be more 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 whiché tafy 29U
schematically illustrate in cross-sectional representation a first embodiment of the present invention. Fig.
4 is an enlarged portion of Fig 3within&tpe dashed line box 4 4. Figs. 5 and 6 schematically, illustrate in
crose.sectionsl PAUCEALA I A/ SEcnd ERBOmN ot 106 (HELSHLFud IR ot SRONR 2005
DETAILED DESCRIPTION OF THE PREFERRED EMBQDIMENT First Embodjment - Al / Low-k
Scheme Accdrdhiflfly SR EoWARYRTFENed sCRRRY SentitsHBlciOesRiRHE-2H 18 USSR tdBossibly
include a semiconductor wafer or substrate, active and passive devices and interconnects and contact
plugs formedl@itainzee iwaferntenalitvdiagderseind dralsatie widhs (&g, sitieompsigtosdideo),

intermetal
barrier layer lined opening.



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 accomplishedlé))%ﬂ@@ﬁaﬁﬂgl 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 surfa icondyctar r ised of a dielectric layer,
e.g. ILD layer, an ILD layer witt bﬁupluv& |£Tbl§<%:;§ % er (IMD), or an IMD layer
with metal plugs or lines exposed (not shown). Metal lines 12, for example, are formed over
semiconductor structure 10. Metal lines 12 may be formed from one or more materials selected 7 14
January 2005 from the group comprising aluminum (Al), aluminum-copper alloy (Al-Cu), copper (Cu), and
tungsten (W) with a titaniuPeTiga s sRchRdYe RSl the PEaset ANKRREE T TARNY PHarrier layer

and are preferably formed of a aluminum-copper alloy (Al-Cu) with a titanium (Ti) / titanium nitride (TiN)
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 line box 4 -

Figs. 5 and 6 schematically illustrate in cross-sectional

representation a second embodiment of the present invention.



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 ent
invention is not so limited and other structures may be formed and used with th%@@%‘éﬁy ion. As
shown in Fig. 2, silicon-rich carbide (SRC) layer 14 |s formed over Al-Cu lines 12 and semiconductor
structure 10 to for rfi f; r [

preferably from ab

chemical-vapor deposition (PECVD) chamber (not shown) by varying the ratio of silane (SiH4) and the
source of carbon (such as C2H2, CH4, C2HS6, etc.). The ratio of silane to the source of carbon may be
from 0.05 to 10. AlkyI- and aryI substltuted S|Iane precursors (e.g. (CCH3)SiH3) may be used instead of
silane. 8 14 J&¥iafpz , SyEH may be formed by physical vapor deposition (PVD)
on a magnetron sputterlng equment usmg a graphite target and silane gas. The main sputtering
parameters are: power - between about 1 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).

Metal lines 12, for example, are formed over semiconductor

structure 10. Metal lines 12 may be formed from one or more materials selected



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
4.0t0 7.0. The parameters for forming SRC layer 14 are: temperature - from abouf888H458¢C, and
more preferably about 400C; pressure - from about 0.01 to 10 Torr, and more preferably from about 0.5

to 2 Torr; tirgf - frot about 1 to 200 secondsl, and morg ;i;efefﬁbl}/ from about 3 to 10 ;gg\%mf and
microwave of RF p eg%%‘%PchOE‘éB%{éWe@ 85’3115\38% ‘[A:)‘ sd 2t oM aBBEE20Y (5500w 4nd more
preferably at about L000W. Alternatively, SRC layer 14 may be formed by physical vapor deposition
(PVD) on a &%ﬂ%mpmriﬁa%ﬁ%@hm%@ ttgripmelirgditaHyaiareigad THNe ardid sputtering
parameters are: power - between about 1 and 20 kW; magnetic field - between about 20 and 200 Gauss;
temperaturebéEHBEBHIGe hMNbooTtahbyrdesry ehatirk efcabsataabbhdoroveinoforr. Dielectric

layer, or ILD, 16 is deposited over SRC barrier layer 14. Dielectric layer 16 may be comprised of any
low-k dielectricimatenalcopgrer Sallbyatlafu005th 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 (SiHa)
and the source of carbon (such as C2H2, CH4, C2HS6, etc.). The ratio of silane to
the source of carbon may be from 0.05 to 10. Alkyl- and aryl-substituted silane

precursors (e.g. (CCHs)SiH3) may be used instead of silane.



preferably a fluorinated dielectric material such as fluorosilicate glass (FSG), and most preferably a
fluorinated polyimide, amorphous fluorocarbon, polytetra- fluoroethylene (PTFI(E]:E, Teflon(r) manufactured
by DuPont, and parylene-F (PA-F). The fluorinated dielectric may be deposite ﬂﬂ%‘&ﬁﬁ%@ﬁﬁdeposition
or spin- coating following by thermal treatment. For purposes of illustration, dielectric layer 16 will be

considered to be comprise tof a fluorgl]at%gjectric. %RC barrier ggf/er ét}?rev%,ts. d?ill[fjusion of any
fluorine released from fluonn&ted Aisiettr PAB S AR RSedof2 S8 WY nBIHELHh S BRlow.
Fluorinated djelectric layer 16 has a dielectric constant from about 1.5 to 3.5. Further, the adhesion

between siliSRAH R DaPhe? IBRFRAT AN RBHAHAS FAERRIFR A7énE 6, SERMYEJIAEE to the high
chemical compatibility between silicon carbide and carbon-containing species. As shown in Fig. 3,
fluorinated digldctiens &as1 heapda pRiAeHEE PoTome SIafHer fQ Webrmeeby esiBlabaitt hyadi 6.
Although not shown, an undoped silicon dioxide (oxide) is typically deposited over fluorinated dielectric
layer 16 pric2@d<manmarigatitia bylchemitalare clranit20potid A9 (@M$). tThipésatiore-bedaussnot only is
the CMP rate of the oxide layer is faster than a

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 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.

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



10 14 January 2005 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 understoo?fltéa&@% include a
semiconductor wafer or substrate, active and passive devices formed within the wafer, conductive layers

and dielectric layers .(e.g., inter-pol ide (IPO), intermetal dielectric (IMD), etc,) for, overthe wafer
curtace. ThatHT e BN CLRREIS MBLTITD SHETLAS LBUIECY i AN safbonductor
wafer and the layers overlying the wafer. Unless otherwise specified, all structures, layers, etc. may be
formed or aeasmp@ﬁé%%ﬂycm&mrdﬁaﬁﬁemgm%rﬁm%@%& A oRotarRRN MRS any
material that has a dielectric constant that is less than silicon oxide. The upper surface of semiconductor

structure 106learosthademsriddd or 4 efisia@rivaaydacsuged by dyel oan, i ey leis -Eodttdive plugs

exposed, an intermetal layer (IMD), or an IMD layer with metal plugs or lines exposed (not shown) or a
conductor sudreaSwoppeted 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.

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

10



Dual damascene opening 102, for example, is then formed within first and second planarized dielectric
layers 104, 110, respectively, separated by 11 14 January 2005 optional etch stop layer 106, over
semiconductor structure 100. Optionally, a cap layer 111 may be formed over %élcjéﬁb‘?ﬂ%ir?gﬁ ed
dielectric layer 110 and a passivation layer 113 may be formed over semiconductor structure 100. Cap
layer 111, etgh stop layer,106, and passivation layer 113 are typically comprised of silicon nitride. First
anc secont FHSHN DA cEHEa R oTEN, 18 12y od e Ot T B REr & Broterably a
fluorinated dielectric material such as fluorosilicate glass (FSG), and most preferably a fluorinated
dielectric matepara&ihle with flyosmatd seganiado Wniommisti@uorocarbon, 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. Although

a dual damascene structure is formed, the present invention is not so limited and a single damascene
structure, foSexamgpEmiradinsent - 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.

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

11



structure may be formed. First and second fluorinated dielectric layer 104, 110 each have a dielectric
constant from about 1.5 to 3.0. 12 14 January 2005 As shown in Fig. 6, silicon-rich carbide gﬁRC) barrier
layer 112 is formed over the structure of Fig. 5, lining dual damascene openinglié?.“é‘fﬂﬁz Trier 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 epbanced chemical- vapor depasition VD) chamber (not shown)
oy varying 1P TRIGPLF ST R 10 o Eh BT LM (SUEPL A, TN A S48 ). 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 vap@yg&pbsticheyPYo fortRes nghetrs A uREMRG 26t sHRIRE Hisn Y rddfité s et and

silane gas. The power is form about 1 and 20 kW; the magnetic field is between about 20 and 200
Gauss; the tBafseratine layesrhlaovay 2 daensobd oy enseicprebates mraeradddt 0.1 and 1000 mTorr.

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.
Although a dual damascene structure is formed, the present
invention is not so limited and a single damascene structure, for example, or other

structure may be formed.

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

dielectric constant from about 1.5 to 3.0.

12



SRC layer 112 has a dielectric constant of from about 4 to 7. The parameters for forming SRC layer 112
are: temperature - from about 250 to 450C, and more preferably about 400C; pressure - from about 0.01
to 10 Torr, and more preferably from about 0.5 to 2 Torr; time - from about 1 tol4 Glgé%}a'naéa%nd more
preferably from about 3 to 10 seconds; and microwave or RF power can be 13 14 January 2005

capacitively coupled to plasma, at from about 200.to 5500V, and mo ferabl about 1000W. Metal
barrier layer 114 is then f e%l%‘()’é} SRCH érﬁ&ﬁo\ﬂfmﬁﬁlaﬁ%légrgg::éjng%ﬁlgﬁ?iﬁyfﬁﬁ%é?al barrier
layer 114 may be comprised of Ta, TaN, Ti, TiN, W, WN, Mo, or MoN, etc. Metal barrier layer 114 may
be from abd(¥5EFtb %@bﬁbﬁhiéte:q&tﬁhr@tamfzﬁf%nﬁa@%tﬁé@h%ﬁé%@e?m@@&&R%e5&%

planarized to form metal plug 116. Metal plug may be ¢comprised of Al, W, Ti, or Cu and is preferably Cu.
For purposebatigtdaaeohl stiipugbrrs @it edsidurke apbenesmpriiesebl e dppargeant Metal

barrier layer 114 prevents diffusion of Cu into first and / or
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
(SiH4) and the source of carbon (such as CoHz, CHs, C2Hs, 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
and 200 Gauss; the temperature is from about 20 and 500°C; and the pressure is

from about 0.1 and 1000 mTorr.

SRC layer 112 has a dielectric constant of from about 4 to 7. The
parameters 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

13



second fluorinated dielectric layers 104, 110. SRC barrier layer 112 prevents diffusion of any fluorine
released from first and / or second fluorinated dielectric layers 104, 110 into metal barrier layer 114 as
will be described below. 14 14 January 2005 Further, the adhesion between silitbIANEATA barrier
layer 112 and first and second fluorinated dielectric layers 104, 110 is good due to the high chemical

compatibility between silicon aigide nd carbon-containin Ci aﬁses of SRC Barrier Layer 14 -
Common to BARAEBBRERIC LIS Bt AC DLt oA e b in Fig.
4 (for example an enlarged portion of Fig. 3 within dashed line box 4 - 4) silicon-rich carbide (SRC)
barrier Iayer?‘BP]ﬂRH,t 199994 SR 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 traps any fluorine atoms released from

fluorinated layers 16, 16'; 104, 110 and prevents them from migrating or diffusing to any adjacent metal
layer 12, 114 and 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).

Metal barrier layer 114 prevents diffusion of Cu into first and / or

second fluorinated dielectric layers 104, 110.
SRC barrier layer 112 prevents diffusion of any fluorine released

from first and / or second fluorinated dielectric layers 104, 110 into metal barrier

layer 114 as will be described below.

14



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 fluofERBREEIART low-k
materials, i.e. 15 14 January 2005 fluorinated dielectric layers 16, 16'; 104, 110, as interlevel dielectrics
(ILD) and intermetal dielegtrics (IMD). Heretofore, such low-k fluorinated,dielectric. materials could not be
Used as ILDs and IMDs b BIRSTof P HSNIS FERERER Mt HEtEEGER ST i BOCT ddPesion wih
metal layers. While particular embodiments of the present invention have been illustrated and described,

it is not interfidd B StARtheerprshfbiordneisst diclachirelpps atibibitiy spamhsuste sbrhishy 2005

CLAIMS We claim:
chemical compatibility between silicon carbide and carbon-containing species.

Phases of SRC Barrier Layver 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
traps any fluorine atoms released from fluorinated layers 16, 16’; 104, 110 and
prevents them from 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 Cu / low-k metallization technology.

SRC barrier layer 14, 112 allows the use of fluorine-containing low-k materials, i.e.

15



1. A method of forming interconnect structures in a semiconductor device, comprising the steps of:
providing a semiconductor structure; forming at least one metal line over said semjconductor structure;
forming a silicon-rich carbide barrier layer over said metal line and semlconduiér]%ﬂ’ﬁ%]fﬁi %
silicon-rich carbide barrier layer includes a first S|I|con island phase and a second silicon carblde layer;

and forming a dielectri ove aid sili rbide laye thod af cl , Wherein said
metaline 13 DURTBRRE GV BIES BBV ot e Hatdl s Dl Riet Far e LB 5Bl Ao,
aluminum-copper alloy, copper, and tungsten. 3. The method of claim 1 wherein said metal line is
comprised of ﬁ%‘?tﬁf{ el peHdSh af DML - sdTiRieie s tﬁgﬁ}o&‘ﬂ"lﬁ&nrﬂ%&‘ﬁfﬁﬁlwﬁﬂ?llea‘ﬁﬁcalumlnum-

copper alloy. 4. The method of claim 1, wherein said dielectric layer is comprised of a material selected

from the growwmﬂmgmgkﬂmbbﬁda%édg%&@s&dflmt@ﬁwq&ﬁéh@arﬂmse 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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polyimide, amorphous fluorocarbon, polytetra-fluoroethylene (PTFE), Teflon(r), and parylene-F 5. The
method of claim 1, wherein said silicon-rich carbide barrier layer is from about 30 to 2000A thick. 6. The
method of claim 1, wherein said silicon-rich carbide barrier layer is from about 1305 etnctiiek. 7. 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 pressur%. ut 0.01 to 10 Torr, for about from 1 to 200
seconds to form a silicon-rich carbide layer of fr 30 to 2000A thick. 8. The method of claim 1,
wherein said@ilic n-rich carbide barrier layer is formed within a PECVD chamber at a temperature of
about 400C, ?)Fg%‘éﬂ're from about 0.5 to 2 Torr, for about from 3 to 10 seconds to form a silicon-rich
carbide layer of from about 100 to 500A thick. 9. The method of claim 1, wherein said silicon-rich carbide
barrier layer is formed by a PVD process within a magnetron sputtering equipment at a 18 14 January
2005

1. A method of forming interconnect structures in a semiconductor device,
comprising the steps of:

providing a semiconductor structure;

forming at least one metal line over said semiconductor structure;

forming a silicon-rich carbide barrier layer over said metal line and
semiconductor structure; the silicon-rich carbide barrier layer includes a first silicon
island phase and a second silicon carbide layer; and

forming a dielectric layer over said silicon-rich carbide layer.

2. The method of claim 1, wherein said metal line is comprised of one or more
of the materials selected from the group comprising aluminum, aluminum-copper

alloy, copper, and tungsten.

3. The method of claim 1, wherein said metal line is comprised of one or more
of the materials selected from the group comprising aluminum and aluminum-

copper alloy.

4. The method of claim 1, wherein said dielectric layer is comprised of a

material selected from the group comprising fluorosilicate glass (FSG), fluorinated
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temperature of from about 20 and 500C, a pressure from about 0.1 to 1000 mTorr, and a magnetic field
between about 20 and 200 Gauss. 10. The method of claim 1, wherein said silicon-rich carbide garrier
layer has a_dielectric constant of from about 4.0 to 7.0, and said dielectric layer His/ @ HBI¥AHIE constant
of from about 1.5 to 3.5. 11. 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.?. 12.(ﬁ method, of fortming int rconnetft ?t uctures in sFmic tof dﬁvi , coc{nprising
_poanml e, amor hOldS {U_O Ccarpon, Of% etra-fluoroet é’ en(% . erion an

the steps of:*previding’a’semtconauctor structure; forming at least one metal line over said semiconductor

structure; formir;g a silicon-rich carbide barrier layer over said metal line and semiconductor structure; the

silicon-rich cBPb¥&Matrier layer includes a first silicon island phase and a second silicon carbide layer;

and forming a fluorinated low-k dielectric layer over said silicon-rich carbide layer; wherein said

fluorinated low-k dielectric layer is comprised of a material selected from the group comprising

fluorosilicate glass (FSG), fluorinated
5. The method of claim 1, wherein said silicon-rich carbide barrier layer is from

about 30 to 2000A thick.

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

about 100 to 500A thick.

7. 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 10 Torr, for about from 1 to 200 seconds to form a

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

8. 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 Torr, for about from 3 to 10 seconds to form a silicon-rich carbide

layer of from about 100 to 500A thick.

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

formed by a PVD process within a magnetron sputtering equipment at a

18



19 14 January 2005 polyimide, amorphous fluorocarbon, polytetra-fluoroethylene (PTFE), Teflon(r), and

parylene-F. 13. The method of claim 12, wherein said metal line is comprised of ons or more

AR thhgsten.

materials selected from the group comprising aluminum, aluminum-copper alloy,ltfl

f the

14. The method of claim 12, wherein said metal line is comprised of one or more of the materials
selected from the group comprising aluminum and aluminum- copper alloy. 15. The method of claim 12,

o g Ayl ot 016 2000k 1 1 gt cam L2

. . a
wherein sai on-rich car arrier eris irom

e metno

8%} claim 12,

wherein said silicon-rich car%i[ecé%%arrier layer is formed within a PECVD chamber at a temperature from
r

about 250 td MG
silicon-rich carbide layer of from about 30 to 2000A thick.

RIBTRABL ) 76 SHD foREBHut from 1 to 200 seconds to form a

10.  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.

11.  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.

12. A method of forming interconnect structures in a semiconductor device,

comprising the steps of:
providing a semiconductor structure;

forming at least one metal line over said semiconductor structure;

forming a silicon-rich carbide barrier layer over said metal line and

semiconductor structure; the silicon-rich carbide barrier layer includes a first silicon

island phase and a second silicon carbide layer; and

forming a fluorinated low-k dielectric layer over said silicon-rich carbide

layer; wherein said fluorinated low-k dielectric layer is comprised of a material

selected from the group comprising fluorosilicate glass (FSG), fluorinated
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20 14 January 2005 18. The method of claim 12, 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 Torr, for about
from 3 to 10 seconds to form a silicon-rich carbide layer of from about 100 to 500A HRRBRT 98 e method
of claim 12, wherein said silicon-rich carbide barrier layer is formed by a PVD process within a

magnetron sputtering equipment at a temperature of from about 20 and 500C, a pressure from about 0.1

to 1000 mTorr,, and a magnetic field.between about 20 and 200 Gayss. 20. E drgg%:laim 12,
wherein said SRS e NS B L5 6T b et e B EE a6 TS S saia
fluorinated low-k dielectric layer has a dielectric constant of from about 1.5 to 3.5. 21. The method of
claim 12, whe?EIHSd 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. 21

13.  The method of claim 12, wherein said metal line is comprised of one or more
of the materials selected from the group comprising aluminum, aluminum-copper

alloy, copper, and tungsten.

14.  The method of claim 12, wherein said metal line is comprised of one or more
of the materials selected from the group comprising aluminum and aluminum-

copper alloy.

15.  The method of claim 12, wherein said silicon-rich carbide barrier layer is

from about 30 to 2000A thick.

16.  The method of claim 12, wherein said silicon-rich carbide barrier layer is

from about 100 to 500A thick.

17. The method of claim 12, 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 10 Torr, for about from 1 to 200 seconds to form a

silicon-rich carbide layer of from about 30 to 2000A thick.
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14 January 2005

18.  The method of claim 12, 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 Torr, for about from 3 to 10 seconds to form a silicon-rich carbide

layer of from about 100 to 500A thick.

19.  The method of claim 12, wherein said silicon-rich carbide barrier layer is
formed by a PVD process within a magnetron sputtering equipment at a
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.

20.  The method of claim 12, wherein said silicon-rich carbide barrier layer has a
dielectric constant 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.
21.  The method of claim 12, 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.
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