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FABRICATION OF VIA CONTACTS HAVING DUAL 
SILICIDE LAYERS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a division of US. patent appli 
cation Ser. No. 10/711,298 ?led Sep. 9, 2004, the disclosure 
of Which is hereby incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to integrated circuits 
and their fabrication. More speci?cally, the invention relates 
to the structure and fabrication of a via contact to a diffusion 
region at a top surface of a single-crystal semiconductor 
region of a substrate. 

[0003] A particular challenge encountered in the fabrica 
tion of integrated circuits is the formation of metallic via 
contacts to diffusion regions (referred to alternatively as 
“dilfusions”) of semiconductor devices. Such diffusion 
regions are formed in single-crystal semiconductor regions 
of a substrate, such that an ohmic contact is made betWeen 
the metallic material in the via and the semiconductor 
material of the diffusion region. The challenge is particularly 
dif?cult to provide a robust structure and method of forming 
metallic via contacts having acceptably loW contact resis 
tance betWeen the metal and the diffusion region, over all 
chip locations of an entire Wafer. 

[0004] Thus, processes and structures knoWn heretofore 
have resulted in acceptable contact resistance, but only When 
a suf?ciently thick layer of a metal silicide, e.g., greater than 
20-25 nm of cobalt silicide (CoSi2) or nickel monosilicide 
(NiSi), for example, is provided at a top surface of the 
diffusion region. In one such exemplary process, a metal 
silicide layer is formed in contact With the diffusion region 
of the substrate, after Which an interlevel dielectric (ILD) is 
formed, typically consisting essentially of a highly ?oWable, 
planariZing dielectric such as borophosphosilicate glass 
(BPSG), undoped silicate glass (USG) or silicon dioxide 
deposited from a tetraethylorthosilicate (TEOS) precursor. 

[0005] Thereafter, the ILD is patterned to form an opening 
over the metal silicide layer. A sputter clean process is then 
performed to clean the surface of the pre-existing metal 
silicide layer to make it ready for the deposition of metallic 
layers Which enhance the conductive contact and to prepare 
the via to be ?lled With tungsten by a chemical vapor 
deposition (CVD) technique. HoWever, the sputter clean 
process consumes some of the pre-existing metal silicide 
layer at the top surface of the single-crystal semiconductor 
region. In an example, the sputter clean process removes 
about 8 nm of the metal silicide. Thereafter, a thin layer of 
a metal such as titanium (Ti) is sputter deposited inside the 
via opening. For example, a layer of titanium having a 
thickness of 20 angstroms (A) or less is deposited at the 
bottom of the opening, the deposited titanium being, illus 
tratively, about 100 A thick Where it overlies the ILD in the 
?eld. The Ti layer promotes adhesion to the bottom and 
sideWalls of the opening. The Ti layer is also used to getter 
oxygen from a native oxide that forms on the surface of the 
pre-existing metal silicide layer. The Ti layer used in the 
conventional process is deposited to a thickness of 20 A or 
less because such thickness is su?icient to promote desired 
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adhesion properties and to perform oxygen gettering from 
the underlying metal suicide layer. 

[0006] Thereafter, a diffusion barrier layer such as tita 
nium nitride (TiN) is CVD deposited onto the underlying Ti 
layer, as a barrier to the diffusion and electromigration of 
material to and from the underlying Ti and silicide layers and 
materials present during subsequent depositions. Thereafter, 
a metal such as W (tungsten) is deposited, such as by CVD 
from a tungsten hexa?ouride (WF6) precursor, to ?ll the via 
after forming the Ti and TiN layers. 

[0007] In the conventional process, a Ti layer having a 
thickness greater than 20 A is undesirable because the 
sputter deposition of titanium takes up signi?cant time, 
impacting the throughput and cost of each Wafer. In addition, 
a thicker Ti layer is undesirable because the sputtering 
process tends to deposit more Ti at the entrance (top) surface 
of a via, While depositing comparatively less Ti at the bottom 
of the via. Accordingly, a byproduct of the Ti sputter 
deposition is a more constricted opening, sometimes having 
a re-entrant pro?le, that is more dif?cult to ?ll in subsequent 
depositions to form the TiN diffusion barrier layer and the W 
metal ?ll. If the Ti layer is not kept to the minimum 
thickness, the W ?ll metal deposition must be more tightly 
controlled to prevent voids and pinch-off of the via opening 
from occurring during deposition. Still another reason lim 
iting the thickness of the Ti layer is a goal of the conven 
tional process to intentionally limit the amount of Ti present 
in the via. The conventional process intentionally limits the 
amount of Ti in the via as a Way of limiting damage, in case 
the TiN diffusion barrier layer fails in some areas of the 
Wafer during tungsten CVD. If the TiN layer fails as a 
barrier, this alloWs the Ti to interact With the WP6 precursor 
gas. HoWever, WF6 produces volatile compounds When it 
comes into contact With portions of the Ti layer. Such 
volatile compounds destructively impact the prior deposited 
layers, the W layer during deposition and subsequently 
deposited layers, causing severe degradation of the via 
structure and degrading its performance. Thus, in the con 
ventional process, the Ti layer is kept intentionally thin for 
a variety of reasons, all of Which are intended to improve the 
quality of the contact structure. 

[0008] HoWever, the above-described process only pro 
duces acceptable results When the pre-existing silicide layer 
underlying the ILD, i.e., the CoSi2 or NiSi layer, is relatively 
thick, i.e., having a thickness in excess of 20 nm to 25 nm. 
That thickness is needed in order for the silicide layer under 
the ILD to remain to a suf?cient thickness at locations all 
over the Wafer after the openings in the ILD are subjected to 
the above-described sputter clean process. If a smaller 
thickness of the silicide Were used, e.g., having a nominal 
thickness of 10 to 12 nm, the sputter clean process could 
result in removing the silicide layer entirely in some loca 
tions of the Wafer. In such case, poor contact to the diffusion 
region of the semiconductor material Would result, having 
poor contact resistance. This is a problem that needs to be 
addressed. 

SUMMARY OF THE INVENTION 

[0009] A method is provided for fabricating a via contact 
structure contacting a single-crystal semiconductor diffusion 
region at a top surface of a substrate. In such method, a ?rst 
layer is formed in contact With the diffusion region at the top 
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surface, the ?rst layer consisting essentially of a silicide of 
a ?rst metal. A dielectric region is formed to overlie the ?rst 
layer. An opening is etched in the dielectric region extending 
through the ?rst layer to the diffusion region. A second layer 
is formed to line the opening, the second layer including a 
second metal. Thereafter, a conductor is deposited Within the 
opening over the second layer, and the substrate is heated to 
cause the second metal to form a silicide at the top surface. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a cross-sectional vieW illustrating a com 
pleted via contact structure according to an embodiment of 
the invention. 

[0011] FIGS. 2 through 8 further illustrate stages in a 
method of fabricating a contact via according to an embodi 
ment of the invention. 

DETAILED DESCRIPTION 

[0012] It is common for transistors Which have silicided 
diffusion regions to be contacted through openings formed 
in dielectric regions Which overlie the diffusion regions, 
such as described in the foregoing. HoWever, the demands of 
current and future generation transistors are not adequately 
served by traditionally thick suicides Which underlie the ILD 
at the top surface of the diffusion region. 

[0013] For a variety of reasons, it Would be desirable to 
make the silicide thinner that underlies the ILD at the top 
surface of the diffusion region. For one, a thinner silicide 
helps to reduce leakage current of devices that are formed in 
bulk semiconductor substrates. A thinner silicide also pro 
motes a better contact to the diffusion regions of devices that 
are formed in a thin semiconductor-on-insulator layer or a 
silicon-on-insulator layer, both referred to hereinafter as an 
“SOI” layer. A third reason Why a thinner silicide underlying 
the ILD Would be advantageous is to help better control the 
position of the edge of the suicide relative to the channel 
region of a transistor, When the transistor has a small channel 
Width. This consideration is especially important When spac 
ers separating the gate of the transistor from the source and 
drain dilfusions thereof are smaller than desirable. In such 
case, a thinner silicide Would help to produce better small 
channel Width transistors, even When the spacer thickness is 
smaller than that considered acceptable for transistors hav 
ing a traditional thicker silicide. 

[0014] According to the embodiments of the invention, a 
process is provided herein Which alloWs a contact having 
acceptable contact resistance to be made to the surface of a 
silicided diffusion region, even When a thinner silicide is 
provided on the surface of the diffusion region underlying an 
interlevel dielectric (ILD). According to the embodiments of 
the invention, a via contact is provided in Which a metal 
containing layer is formed in an opening in a dielectric layer 
above the silicided diffusion region, that layer contacting the 
top surface of the diffusion region in the opening. Such layer 
includes a metal lining the sideWall of the opening, and a 
silicide of that metal self-aligned to the top surface of the 
diffusion region in the opening. A diffusion barrier layer 
overlies that metal-containing layer in the opening, and a 
further layer of metal ?lls the opening overlying the diffu 
sion barrier layer. 

[0015] A cross-sectional vieW of a completed via contact 
100 according to the invention is illustrated in FIG. 1. As 
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shoWn therein, the via contact extends to a top surface 101 
of a diffusion region 102 of a single-crystal semiconductor 
region of a substrate. Illustratively, the substrate is a bulk 
semiconductor substrate or a semiconductor-on-insulator 

(SOI) substrate such as a silicon-on-insulator substrate. In 
preferred embodiments of the invention, the single-crystal 
semiconductor region consists essentially of silicon. HoW 
ever, other semiconductor materials can be utiliZed such as 
alloys of silicon, e. g., silicon germanium and silicon carbide. 
Alternatively, III-V compound semiconductors and/or II-VI 
compound semiconductors are usable in other embodiments 
of the invention. 

[0016] The via contact 100 is disposed in an opening 110 
in a dielectric region 112, preferably an interlevel dielectric 
(ILD), overlying a top surface 101 of the diffusion region 
102 of the substrate. The opening has Width of betWeen 
about 50 nm and 400 nm, more preferably betWeen about 
100 nm to 200 nm, and most preferably having a Width 
betWeen about 100 nm and 150 nm. The opening has height 
extending from the outer surface 120 of the ILD 112 to the 
diffusion region 102 of betWeen about 150 nm and about 600 
nm, more preferably betWeen about 200 nm and 500 nm, and 
most preferably betWeen about 200 nm and 300 nm. The 
opening 110 and via contact 100 therein are disposed in the 
ILD 112 overlying a ?rst layer 103 including a silicide of a 
?rst metal, the silicide being disposed in contact With the top 
surface 101 of the diffusion region 102. The ?rst layer 103 
preferably has a thickness of betWeen about 8 nm and 15 nm, 
and more preferably betWeen about 10 nm and 13 nm. Such 
thickness is much smaller than the thickness of greater than 
20 to 25 nm of CoSi2 or NiSi that is used in the above 
described prior art process. 

[0017] A layer 105 of an etch-distinguishable material is 
further disposed betWeen the ?rst layer 103 and the ILD 112. 
That layer 105 functions as an etch stop layer When the 
opening 110 is etched in the ILD 112, to stop the etching 
process from proceeding to etch the diffusion region 102 
after the etched opening penetrates the ILD 112. A suitable 
material for the etch stop layer 105 is silicon nitride, When 
the ILD 112 includes an oxide such as the various forms of 
silicon oxides, e.g., BPSG, USG, or a TEOS oxide, that are 
typically used for that purpose, as discussed above in the 
background. Alternatively, the etch stop layer 105 can 
consist essentially of any material to Which etch selectivity 
can be achieved When etching the overlying ILD 112. The 
thickness of the etch stop layer 105 is illustratively betWeen 
about 2 nm and 30 nm, more preferably betWeen about 5 nm 
and 15 nm, and most preferably about 7 to 10 nm. 

[0018] The via contact 100 includes a second layer 104 of 
material contacting a top surface 101 of the diffusion region 
102, the second layer 104 including a layer 106 consisting 
essentially of a second metal lining the sideWalls of the 
opening 110, and also including a silicide 108 of the second 
metal that is disposed in contact With the top surface 101 of 
the diffusion region 102. Preferably, the layer 106 consists 
essentially of a silicide-forming metal such as titanium (Ti), 
cobalt (Co), nickel (Ni), tantalum (Ta), platinum (Pt), tung 
sten (W) or combination thereof, and layer 108 includes the 
silicide of that metal. Thus, When the diffusion region 102 is 
disposed in single-crystal silicon, examples of a material 
included in the silicide layer 108 include, but are not limited 
to: TiSiX, CoSiX, TiCoSiX, NiSi, NiCoSiX, TaSi2, PtSi2, and 
WSiX. When the diffusion region 102 is disposed in silicon 
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germanium (SiGe), the silicide layer 108 can include mate 
rials such as one or more of the silicides including, but not 

limited to: TiSiXGey, CoSiXGey, TiCoSiXGey, NiSiXGey, 
NiCoSiXGey, TaSiXGey, PtSiXGey, and WSiXGey. 
[0019] The layer 106 of metal lining the sideWall 114 of 
the opening 110 can either have uniform thickness, or 
instead be subject to variations in thickness from a loWer 
edge 116 to an upper edge 118 of the layer 106. When 
depositing metal into an opening, variations in the thickness 
of deposited material are subject to occur based on proxim 
ity of the surface to the source of material to be deposited. 
Hence, parts of the opening 110 in the ILD 112 Which are 
closer to the outer surface 120 thereof are more likely to 
receive a thicker layer of metal during a deposition of the 
metal layer into the opening, While parts of the opening 110 
that are closer to the surface 101 of the diffusion region 102 
of the substrate are more likely to receive a thinner layer of 
metal during the deposition. The embodiments of the inven 
tion described herein are suitable for use regardless of the 
thickness of the deposited metal in different parts of the 
opening 110 in Which the via contact 100 is disposed. 

[0020] As further shoWn in FIG. 1, the via contact further 
includes a diffusion barrier layer 122 overlying the second 
layer 104. A further layer 124 overlies the diffusion barrier 
layer 122, that layer 124 including a third metal Which ?lls 
the remaining opening 110, preferably to the level of the 
outer surface 120 of the ILD 112. The diffusion barrier layer 
122 preferably includes a conductive nitride material. Metal 
nitrides such as titanium nitride (TiN), tantalum nitride 
(TaN), tungsten nitride (WNX) and nitrides of vanadium (V), 
niobium (Nb), hafnium (Hf) and Zirconium (Zr) are suitable 
for this purpose. Preferably, the metal nitride includes a 
nitride of the second metal that is included in the second 
layer 106. Thus, When the second metal is Ti, or Ta, the 
conductive nitride is a nitride of that second metal, i.e., 
either TiN, or TaN, respectively. When the diffusion barrier 
layer 122 includes TiN, it preferably has a thickness of 
betWeen about 3 nm and 10 nm, and more preferably about 
5 nm. 

[0021] The via contact 100 further includes a ?ller metal 
124 disposed in the opening 110 of the ILD 112. Ideally, the 
?ller metal 124 is formed in such Way that no void results in 
the opening 110. Voids are detrimental to the long-term 
reliability of the via contact 100, as Well as those structures 
to Which the via contact is juxtaposed, i.e., the diffusion 
region 102. Examples of metals for use as the ?ller metal 
124 include tungsten, and aluminum Which can be deposited 
by ef?cient techniques that result in good ?lling qualities, 
such as by chemical vapor deposition (CVD). Tungsten is 
the preferred metal for a variety of reasons, as Will be 
described further beloW. 

[0022] As further shoWn in FIG. 1, the top surface 126 of 
the via contact 100 preferably presents a planar surface, i.e., 
planariZed to the outer surface 120 of the ILD 112, for 
alloWing good contact to be made thereto from higher level 
metalliZations (not shoWn) that are provided subsequently 
thereto. 

[0023] FIGS. 2 through 8 illustrate a method of fabricating 
a contact via according to an embodiment of the invention. 
FIG. 2 illustrates a preliminary stage in the fabrication. As 
shoWn therein, a ?rst layer 103 containing a silicide of a ?rst 
metal is disposed at a top surface 101 of a diffusion region 
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102 of a single-crystal semiconductor region of a substrate. 
Prior to forming the ?rst layer 103, a dopant implant is 
preferably performed to increase the concentration of dopant 
ions near the top surface 101, thereby enhancing the con 
ductivity of the diffusion region 102 at the surface 101. The 
silicide of the ?rst layer 103 is formed preferably by a 
self-aligned technique in Which a silicide precursor metal is 
deposited in contact With the top surface 101 of the diffusion 
region 102, that region preferably being formed in a single 
crystal silicon region or silicon alloy region (e.g., SiGe 
region) of a substrate and then reacted by annealing to form 
the silicide. Examples of suitable silicide precursor metals 
include, but are not limited to: cobalt, nickel, molybdenum, 
niobium, palladium, platinum, tantalum, titanium, vanadium 
and tungsten. Alternatively, the ?rst layer 103 is formed by 
deposition of a silicide onto the single-crystal semiconductor 
region 102 in an additive or subtractive patterning process. 
The ?rst layer is preferably formed having a nominal 
thickness betWeen about 8 nm and 15 nm, and more pref 
erably having a nominal thickness betWeen about 10 nm and 
13 nm. Generally, it is not possible to maintain the thickness 
of the ?rst layer uniform across an entire Wafer. Therefore, 
When the ?rst layer is deposited to a thickness of 10 nm in 
some places of the Wafer, the thickness can be signi?cantly 
loWer in other places of the Wafer. Thus, a thickness of 8 nm 
or loWer may result in some areas of the Wafer. 

[0024] Thereafter, as shoWn in FIG. 3, the interlevel 
dielectric (ILD) 112 is formed over the etch stop layer 105. 
The ILD is preferably formed by a loW temperature depo 
sition of a highly ?oWable, planariZing oxide such as boro 
phosphosilicate glass (BPSG), or, alternatively, from a tet 
raethylorthosilicate (TEOS) precursor. In other alternatives, 
a spin-on-glass (SOG) material having planariZing qualities 
is ?oWed onto a Wafer containing the structure shoWn in 
FIG. 3, and thereafter, the Wafer is rotated to distribute the 
SOG material to a more or less uniform height above the top 
surface 101 of the diffusion region 102, folloWed by baking 
to densify the distributed SOG layer. In still another alter 
native, a denser oxide such as one deposited by a high 
density plasma (HDP) technique is deposited onto the struc 
ture and, thereafter, planariZed by additional processing such 
as chemical mechanical polishing (CMP). 

[0025] FIG. 4 illustrates a subsequent stage in Which an 
opening is formed in each of the ILD 112, the etch stop layer 
105, and the ?rst layer 103. Preferably, the opening in the 
ILD 112 is formed by an anisotropic etch such as a reactive 
ion etch (RIE), performed selectively to the material of the 
etch stop layer 105. For example, When the etch stop layer 
contains a nitride, the RIE process is conducted selective to 
that nitride. This causes etching to stop on the etch stop layer 
105. With su?icient selectivity, an over-etch can be per 
formed to ensure that all such openings on a Wafer are fully 
etched to expose the etch stop layer 105, thus assuring that 
the etched openings reach the intended level of the structure 
underlying the ILD 112. Thereafter, the etch stop layer 103 
is preferably cleared from the opening, as by isotropically 
etching selective to the underlying silicide material of the 
?rst layer 103, and the material of the ILD 112. In a further 
etch step, a sputter “clean” process is performed in the 
opening 110 using a beam of particles to remove residues 
from prior etching that remain on the sideWall 130 and 
bottom 132 of the opening 110. In a preferred process, this 
sputter etch step removes the uppermost 8 nm of material 
from the bottom 132 of the opening 110. Thus, this step 
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removes a signi?cant portion of the ?rst layer 103 of silicide 
that is provided on the diffusion region. In fact, sputter clean 
processes generally have some non-uniformity across a 
Wafer, such that a greater thickness of material is removed 
in some areas than others. Moreover, as discussed above, the 
thickness of the ?rst layer 103 of silicide is subject to vary 
across the Wafer. Accordingly, at least in some areas of the 
Wafer, the sputter clean process results in the entire removal 
of the ?rst layer 103 Within the opening 110, thus exposing 
the top surface 101 of the diffusion region 102 in the 
opening. 

[0026] Thereafter, as shoWn in FIG. 5, a second layer 106 
including a second metal is deposited to line the bottom 132 
and sideWalls 130 of the opening 110. The deposited second 
metal is capable of forming a silicide With the exposed 
silicon at the top surface 101 of the diffusion region 102. The 
deposited second metal also promotes adhesion betWeen the 
sideWall 130 of the dielectric region 112 and one or more 
materials that are deposited subsequently Within the open 
ing. The second metal preferably consists essentially of one 
or more of the metals: titanium (Ti), cobalt (Co), nickel (Ni), 
tantalum (Ta), platinum (Pt) or tungsten (W) and is prefer 
ably deposited into the opening by sputtering. More prefer 
ably, the second metal consists essentially of Ti. When the 
second metal consists essentially of Ti, it is preferably 
deposited to a nominal thickness of at least 30 angstroms (A) 
at a point of contact With the top surface 101 of the diffusion 
region 102. Variations in the character of the sputtering 
process across the Wafer may cause the actual thickness 134 
of the deposited second metal at the top surface 101 to be 
someWhat greater or less than the nominal thickness. More 
preferably, the Ti is deposited to a nominal thickness of 
betWeen 40 A and 80 A in contact With the top surface 101 
of the diffusion region. Moreover, the deposited thickness of 
the layer is typically greater in areas of the Wafer Which are 
closer to the source of the sputtered species. Therefore, a 
deposited thickness 134 of 40 to 50 A at the top surface 101 
of the diffusion region corresponds to a nominal deposited 
thickness 136 of 30 nm overlying the outer surface 120 of 
the ILD 112. A someWhat greater deposited thickness 134 of 
60 to 80 A at the top surface 101 corresponds to a nominal 
deposited thickness 136 of 40 nm overlying the outer surface 
120 of the ILD 112. Here, the thickness of the second layer 
at the top surface 101 is being controlled according to the 
embodiments of the invention. 

[0027] Thereafter, as shoWn in FIG. 6, a diffusion barrier 
layer 122 is formed overlying the second metal layer 106. 
The diffusion barrier layer 122 preferably includes a con 
ductive nitride material. Preferably, When the second metal 
is Ti, the conductive nitride consists essentially of TiN, as 
being a nitride of the second metal that is included in the 
second layer 106. Other metal nitrides such as tantalum 
nitride (TaN), tungsten nitride (WNX) and nitrides of V, Nb, 
Hf and Zr are also suitable. Preferably, the conductive nitride 
material, such as TiN, is deposited by CVD, because CVD 
produces a TiN layer having more uniform coverage than a 
TiN layer deposited by sputtering. In addition, a TiN layer 
can be deposited in a shorter amount of time by CVD than 
such layer can be deposited by sputtering. 

[0028] As shoWn in FIG. 7, a further layer 124 is then 
deposited to overlie the diffusion barrier layer 122, that layer 
124 including a third metal Which ?lls the remaining open 
ing 110. The third metal 124 is deposited to ?ll the opening 
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110 and extend onto the region above the outer surface 120 
of the ILD 112. Preferably, the third metal is deposited by 
any of several Well-knoWn chemical vapor deposition 
(CVD) processes such as ordinary CVD, plasma enhanced 
CVD (PECVD), metalorganic (MOCVD), or loW-pressure 
CVD (LPCVD). Ideally, the ?ller metal 124 is deposited in 
such Way to prevent voids from forming Within the opening 
110. Examples of metals for use as the ?ller metal 124 
include tungsten (W) and aluminum (Al) both of Which can 
be deposited by one or more of the above-indicated tech 
niques to produce good ?ll characteristics. Tungsten is a 
preferred metal because it can be deposited by Well-under 
stood CVD techniques over an underlying diffusion barrier 
layer of TiN. 

[0029] Thereafter, after the above-described processes 
have been performed, annealing is performed to react the 
second metal at the top surface 101 With the silicon present 
at the top surface 101 to produce a silicide 108, as shoWn in 
FIG. 8. This suicide forms an ohmic contact to the diffusion 
region. Depending upon the speci?c metal or metals that are 
deposited as the second layer 106, the silicide layer 108 
includes, but is not limited to any one or more of the suicides 
of cobalt (Co), nickel (Ni), platinum (Pt), tantalum (Ta), 
titanium (Ti), and tungsten (W). Preferably, the silicide layer 
includes one or more of TiSiX, CoSiX, TiCoSiX, NiSi, 
NiCoSiX, TaSi2, PtSi2, and WSiX. When the diffusion region 
102 is disposed in silicon germanium (SiGe), the silicide 
layer 108 can include, but is not limited to any one or more 
of the silicides and germanides of cobalt (Co), nickel (Ni), 
platinum (Pt), tantalum (Ta), titanium (Ti), and tungsten 
(W), and especially: TiSiXGey, CoSiXGey, TiCoSiXGey, 
NiSiXGey, NiCoSiXGey, TaSiXGey, PtSiXGey, and WSiXGey. 
[0030] Referring to FIG. 1 again, thereafter, the top sur 
face 126 of the conductive ?ller material 124 is planariZed 
to the outer surface 120 of the dielectric region, such as by 
a chemical mechanical polishing (CMP) or other suitable 
knoWn planariZation technique. Thereafter, additional con 
tact structures and processing, can be used to further inter 
connect the contact via 100 to higher level interconnect 
structures on an integrated circuit or other device in Which 
the contact via is disposed. 

[0031] As indicated above, the embodiments of the inven 
tion described herein provide a contact via having accept 
able contact resistance, despite that the initial silicide layer 
103 is removed during the initial formation of the opening. 
Measurements performed on contact vias processed accord 
ing to the above-described embodiments indicate acceptable 
contact resistance When the second layer is deposited to a 
nominal thickness 136 (FIG. 5), as measured above the outer 
surface 120 of the dielectric region, of 30 nm or more, While 
a deposited thickness of 20 nm and less shoWs poor contact 
resistance. The measurements are indicated beloW. 

Thickness 136 (FIG. 5) Average Resistance per Contact 

20 nm 23 ohm 
30 nm 13 ohm 
40 nm 13 ohm 

[0032] While the invention has been described in accor 
dance With certain preferred embodiments thereof, those 
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skilled in the art Will understand the many modi?cations and 
enhancements Which can be made thereto Without departing 
from the true scope and spirit of the invention, Which is 
limited only by the claims appended beloW. 

What is claimed is: 
1. A method of forming a conductive via contacting a 

single-crystal semiconductor diffusion region at a top sur 
face of a substrate, comprising: 

forming a ?rst layer in contact With said diffusion region 
at said top surface, said ?rst layer consisting essentially 
of a silicide of a ?rst metal; 

forming a dielectric region overlying said ?rst layer; 

etching an opening in said dielectric region extending 
through said ?rst layer to said diffusion region; 

forming a second layer lining said opening, said second 
layer including a second metal; 

depositing a conductor in said opening over said second 
layer; and 

heating said substrate to cause said second metal to form 
a silicide at said top surface. 

2. The method as claimed in claim 1, Wherein said step of 
depositing a conductor includes depositing a diffusion bar 
rier layer Within said opening to overlie said second layer 
and depositing a third layer including a third metal Within 
said opening over said di?‘usion barrier layer. 

3. The method as claimed in claim 1, Wherein said ?rst 
metal is selected from the group consisting of cobalt (Co), 
molybdenum (Mo), niobium (Nb), nickel (Ni), palladium 
(Pd), platinum (Pt), tantalum (Ta), titanium (Ti), vanadium 
(V) and tungsten (W). 

4. The method as claimed in claim 12, Wherein said 
second layer is deposited to a thickness greater than about 30 
angstroms (A) at a point of contact With said top surface. 

5. The method as claimed in claim 13, Wherein said 
second metal is selected from the group consisting of 
titanium (Ti), nickel (Ni), platinum (Pt), cobalt (Co), tanta 
lum (Ta) and tungsten (W). 

Apr. 5, 2007 

6. The method as claimed in claim 5, Wherein said second 
metal is deposited to a thickness of about 80 angstroms (A) 
or less at said point of contact With said top surface. 

7. The method as claimed in claim 2, Wherein said 
diffusion barrier layer includes a metal nitride. 

8. The method as claimed in claim 7, Wherein said metal 
nitride includes titanium nitride (TiN). 

9. The method as claimed in claim 8, Wherein said 
diffusion barrier layer is deposited by chemical vapor depo 
sition (CVD). 

10. The method as claimed in claim 9, Wherein said third 
metal includes tungsten (W). 

11. The method as claimed in claim 10, Wherein said third 
layer is deposited by chemical vapor deposition (CVD). 

12. A method of forming a conductive via contacting a 
single-crystal semiconductor diffusion region at a top sur 
face of a substrate, comprising: 

forming a ?rst layer in contact With said diffusion region 
at said top surface, said ?rst layer consisting essentially 
of a silicide of a ?rst metal; 

forming a dielectric region overlying said ?rst layer; 

etching an opening in said dielectric region extending 
through said ?rst layer to said diffusion region; 

forming a second layer lining said opening, said second 
layer including a second metal; 

depositing a diffusion barrier layer overlying said second 
layer Within said opening; 

depositing a third layer including a third metal over said 
diffusion barrier layer Within said opening; and 

heating said substrate to cause said second metal to form 
a silicide at said top surface. 


