
5 DEC 2006  METHOD AND DEVICE USING SIUCIDE CONTACTS FOR SEMICONDUCTOR
PROCESSING  FIELD OF THE INVENTION 5 The present invention relates to the
field of semiconductor device  manufacturing. More particularly, it relates
to the formation of silicides, including  self-aligned silicides
(salicides). BACKGROUND  10 US-B-6 180 469 discloses a method of
semiconductor processing for forming  silicide contacts on source/drain
regions and gate electrodes. In one embodiment, a  metal layer, such as
nickel, is selectively deposited on the source/drain regions and on  the
gate electrode, and ion implanting is performed to form a barrier layer
within the  nickel layer which does not react with silicon or nickel
silicide during subsequent 15 silicidation. The barrier layer confines
salicidation to the relatively thin underlayer of  nickel, thereby
minimizing comsumption of the underlying silicon while the  unsilicided
overlying nickel on the barrier layer ensures low sheet resitivity.
Silicides, which are compounds formed from a metal and silicon, are  20
commonly used for contacts in semiconductor devices. Silicide contacts
provide a  number of advantages over contacts formed from other materials,
such as aluminum  or polysilicon. Silicide contacts are thermally stable,
have lower resistivity than  polysilicon, and provide for fairly Ohmic
contacts. Silicide contacts are also reliable,  since the silicidation
reaction eliminates many defects at the interface between the  25 contact
and the device feature. A common technique used in the semiconductor
manufacturing industry is  self-aligned silicide (salicide) processing.
Salicide processing involves the deposition  of a metal that undergoes a
silicidation reaction with silicon (Si) but not with silicon 30 dioxide or
silicon nitride. In order to form salicide contacts on the source, drain,
and  gate regions of a semiconductor wafer, oxide spacers are provided next
to the gate  1 



5 DEC 2006  regions. The metal is then blanket deposited on the wafer.
After heating the wafer to a  temperature at which the metal reacts with
the silicon of the source, drain, and gate  regions to form contacts,
non-reacted metal is removed. Silicide contact regions  remain over the
source, drain, and gate regions, while non-reacted metal is removed 5 from
other areas. Salicide processing is known in the art and described, for
example,  in commonly assigned U.S. Patent Number 6,165, 903, which is
hereby incorporated  by reference in its entirety. Commonly used salicide
materials include TiSi2, CoSi2, and NiSi. Although  10 NiSi provides some
advantages over TiSi2 and CoSi2, such as lower silicon  consumption during
silicidation, it is not widely used because of the difficulty in  forming
NiSi rather than the higher resistivity nickel disilicide, NiSi2_ Even
though  back end of line (BEOL) temperatures below 500C can now be
achieved, forming  NiSi without significant amounts of NiSi2 remains a
challenge, since formation of 15 NiSi2 has been seen at temperatures as low
as about 450C. Therefore, a method  which favors the formation ofNiSi and
disfavors the formation of NiSi2 is desirable.  la 5 DEC 2006  WO
2004/001826 PCT/US2003/017599 SUMMARY  According to an embodiment of the
invention, a method for forming silicide contact regions  on active device
regions such as transistor source, drain, and gate regions favors the
formation of a  first silicide and disfavors the formation of a second
silicide. 5 A first region comprising silicon is formed on a semiconductor
substrate. A layer including  a metal is formed on the first region, where
the metal is capable of forming one or more metal  silicides. A suitable
material is ion implanted into the layer. A suicide disposed over the first
region is formed by the reaction of the silicon with the metal. Prior to
silicidation, substantially all  of the implanted material maybe in the
layer, or at least a portion of the implanted material may be  10 in the
silicon underlying the layer. 



According to an embodiment of the invention, the metal is capable of
forming at least a first  silicide and a second silicide. The material is
soluble in the first silicide, but not the second silicide.  In another
embodiment, the material is more soluble in the first silicide than the
second silicide. As  a result, the first silicide is energetically
preferred. In one embodiment, the metal is nickel (Ni), the 15 first
silicide is NiSi, and the second silicide is NiSi2. The material may
include an element chosen  from the group consisting of germanium (Ge),
titanium (Ti), rhenium (Re), tantalum (Ta), nitrogen  (N), vanadium (V),
iridium (Ir), chromium (Cr), and zirconium (Zr). The amount of material
implanted is sufficient to energetically favor the first silicide but not
so great that the material  separates from the solid solution. For example,
the material may be less than about 15 at.% of the 20 silicide contact
region, or between about 5 at.% and about 10 at.%. After the material is
implanted, the temperature of the substrate is raised in order to form a
silicide over one or more active regions. The silicide provides a contact
so that the active regions  can be electrically coupled to other regions,
such as metallization lines. The silicide may be a self- aligned silicide,
or salicide. The active region may be a source region, drain region, or a
gate region. 25 After the silicide is formed, non-reacted metal is removed,
for example, by a selective etch process.  According to another embodiment,
the material is implanted into the active regions prior to  the formation
of the metal layer. According to another embodiment, a layer is formed over
silicon-containing active regions,  where the layer includes a first
material and a second material. The layer may be formed by vapor  2 5 DEC
2006  WO 2004/001826 PCT/US2003/017599 deposition, such as by evaporation,
physical vapor deposition, chemical vapor deposition, laser  ablation, or
other deposition method. The first material includes a metal that is
capable of forming one or more silicide  compounds. The second material may
be a material that is soluble in a first silicide of the metal but  5 not
in a second silicide of the metal, so that the first silicide is
energetically preferred. The second material may be more soluble in the
first silicide than the second silicide, so that formation of the  first
silicide is energetically favored. In one embodiment, the metal is nickel,
the first silicide is  



NiSi, and the second silicide is NiSi2. The material may include an element
chosen from the group  consisting of Ge, Ti, Re, Ta, N, V, Ir, Cr, Ta, and
Zr. The amount of the second material is 10 sufficient to energetically
favor the first silicide but not so great that the material separates from
the  solid solution. For example, the material may be less than about 15
at.% of the silicide contact  region, or between about 5 at.% and about 10
at.%. After the layer is formed, the temperature of the substrate is raised
in order to form a silicide  over one or more active regions. The silicide
provides a contact so that the active regions can be 15 electrically
coupled to other regions, such as metallization lines. The silicide may be
a self-aligned  silicide, or salicide. The active region may be a source
region, drain region, or a gate region. After  the silicide is formed,
non-reacted metal is removed, for example, by a selective etch process.
According to some embodiments of the invention, the silicidation process is
a single step,  where the temperature of the substrate is raised to a
temperature sufficient to form the desired 20 silicide. According to other
embodiments, a multi-step process may be used. In a first step, the
temperature of the substrate is raised to a first temperature, forming an
initial silicide. In a second  step, the temperature of the substrate is
raised to a second temperature, forming a final silicide. According to an
embodiment of the invention a contact region comprises a first metal
silicide and a first material. The first material may be soluble in the
first metal silicide but not in a  25 second metal silicide. Alternately,
the first material may be more soluble in the first metal silicide than the
second metal silicide, so that the first metal silicide is energetically
favored. The first metal  silicide may be NiSi and the second metal
silicide may be NiSi2. The first material may include an  element chosen
from the group consisting of Ge, Ti, Re, Ta, N, V, Ir, Cr, Ta, and Zr. The
amount of  the first material is sufficient to energetically favor the
first silicide but not so great that the material 30 separates from the
solid solution. For example, the material may comprise less than about 15
at.%  of the contact, or between about 5 at.% and about 10 at.%. 3 5 DEC
2006  WO 2004/001826 PCT/US2003/017599 According to an embodiment of the
invention, a contact such as that described above may  be part of a
semiconductor device, including a substrate with an active region such as a
source,  



drain, or gate region, and a contact disposed over the active region, where
the contact may be used  to couple the active region to another region such
as a metallization line. 5 A more complete understanding of embodiments of
the present invention will be afforded to  those skilled in the art, as
well as a realization of additional advantages thereof, by a consideration
of the following detailed description of one or more embodiments. Reference
will be made to the  appended drawing that will first be described briefly.
BRIEF DESCRIPTION OF THE DRAWINGS 10 Fig. 1 shows a cross sectional view of
a wafer undergoing a process for forming silicide  contact regions,
including implanting a material to disfavor the formation of one silicide
and  promote formation of a different suicide, according to an embodiment
of the invention; Figs. 2A and 2B illustrate a two-component system whose
Gibbs free energy differs by an  amount equal to the entropy of mixing; and
15 Fig. 3 shows a cross sectional view of a wafer undergoing a process for
forming suicide  contact regions, including forming a layer including a
metal and an additional material to disfavor  the formation of one silicide
and promote formation of a different suicide, according to an embodiment of
the invention. Use of the same or similar reference numbers in different
figures indicates the same or like  20 elements. DETAILED DESCRIPTION
Embodiments of the current invention provide for formation of a first
silicide, such as NiSi,  without the formation of significant amounts of a
second suicide, such as NiSi2. According to an embodiment of the invention,
suicide regions are formed above active (e.g.  25 transistor) regions on a
semiconductor substrate. For example, suicide contacts are formed above
the source, drain, and gate regions of a field effect transistor formed on
a silicon substrate. In Figure  1, a wafer 10 includes a substrate 100.
Substrate 100 is a conventional crystalline silicon substrate,  which may
be doped p-type or n-type. Active regions 120 are, for example, transistor
source  regions or drain regions. Active regions 120 are conventionally
isolated from active regions of other 4 5 DEC 2006  



WO 2004/001826 PCT/US2003/017599 devices by field oxide regions 110. Oxide
regions 110 may be formed by local oxidation of silicon  (LOCOS) methods,
or by shallow trench isolation (ST1) methods, for example. Active regions
120  may be n-type or p-type doped silicon, and may be formed according to
known methods. A conventional gate region 130 is formed on a gate oxide
135. Gate region 130 may  5 comprise doped polysilicon. Spacers 140, which
may be oxide spacers, are formed next to the  sidewalls of gate region 130.
A metal layer 150 is deposited over the surface of wafer 10.  According to
an embodiment of the invention, metal layer 150 comprises nickel, although
other  metals may be used. A material 60 is conventionally implanted into
metal layer 150 (for details see below). The  10 temperature is then
raised, leading to the silicidation reaction. During silicidation, silicon
from  active regions 120 and gate region 130 diffuses into metal layer 150
and/or metal from metal layer  150 diffuses into silicon-containing active
regions 120 and gate region 130. One or more metal  silicide regions form
from this reaction. When metal layer 150 includes a metal that forms a
silicide  with elemental silicon (crystalline, amorphous, or
polycrystalline), but not with other silicon 15 containing molecules (like
silicon oxide or silicon nitride), the silicide is termed a salicide, a
self- aligned silicide. After the silicidation, the non-reacted metal is
removed; for example, by a selective etch  process. In an embodiment where
metal layer 150 comprises nickel, non-reacted nickel on the wafer  may be
removed by wet chemical stripping. The wafer may be immersed into a
solution of H2SO4, 20 H202 and water (known as SPM) or a solution of NH4OH,
H202 and water (known as APM).  According to one embodiment, non-reacted
nickel is removed by immersing the wafer in a 1:1:10  APM solution at about
20 C (or higher; for example, up to about 80 C) for about six minutes,
followed by immersing the wafer in a 7:1 SPM solution at about 20 C (or
higher) for about ten  minutes. The order in which the wafer is immersed
may be reversed. After removal of the non 25 reacted metal, the remaining
silicide regions provide electrical contacts for coupling the active
regions and the gate region to other features on the wafer such as
metallization lines. According to an embodiment of the invention, material
60 is such that it is soluble in a first  silicide of a metal included in
metal layer 150, but not soluble in a second silicide of a metal  



included in metal layer 150. Alternately, the material 60 may be more
soluble in the first silicide 30 than in the second silicide, as long as
the difference in solubility is sufficient to energetically favor
formation of the first silicide over the second silicide. 5 5 DEC 2006  WO
2004/001826 PCT/US2003/017599 For example, if metal layer 150 includes
nickel, a number of different silicides may be  formed, including NiSi and
NiSi2. NiSi is preferred over NiSi2 as a contact material because its
sheet resistance is lower, and because formation of NiSi consumes much less
silicon than the  formation of NiSi2. However, it is difficult to prevent
the formation of NiSi2, since NiSi2 has been 5 shown to form at
temperatures as low as about 450 C, while the temperature required to form
NiSi  is about 320 C. Implanting a material that is soluble in NiSi but not
in NiSi2 thermodynamically disfavors  the formation of NiSi2, because the
Gibbs free energy of the NiSi/implanted material solution is  lower than
the Gibbs free energy of a separated mixture of NiSi2 and the implanted
material. 10 As a simple illustration, consider the case of two materials,
A and B, which are kept in  separate volumes, as shown in Fig. 2A. For an
internal energy U, pressure P, volume V,  temperature T, and entropy S, the
Gibbs free energy, G, is equal to: G = U + PV -TS Equation 1 For nA
molecules of material A with free energy GA per molecule, and nB molecules
of  15 material B with free energy GB per molecule, the free energy of the
system may be expressed as:  G = nAGA + n5GB Equation 2 If we define x as
the fraction of molecules that are molecules of material B: x = nB  nA + nB
Equation 3 then G may be rewritten as: 20 G = (1- x)GA + xGB Equation 4
Figure 2B shows the case where the two materials A and B are allowed to
mix. For the  simple case of no change of U or V on mixing, the change in
the free energy when materials A and  



B are allowed to mix is just equal to the entropy of mixing times the
temperature, where LS ,n = -R[x In x + (1- x) ln(1- x)] Equation 5  25 6 5
DEC 2006  WO 2004/001826 PCT/US2003/017599 which results in a change in the
free energy as follows:  G=(1-x)GA+xGB +RT[xlnx+(1-x)ln(1-x)] Equation 6
Note that since x<1, the Gibbs free energy of the mixture is less than the
free energy of the  separated materials. Therefore, by implanting a
material that is soluble in NiSi but not soluble in  5 NiSi2, the formation
of NiSi is energetically favored. According to an embodiment of the
invention, metal layer 150 comprises nickel, and  material 60 comprises Ge,
Ti, Re, Ta, N, V, Ir, Cr, Zr, or other appropriate material that has the
characteristics described above. The amount of material 60 that is
implanted is sufficient to  energetically disfavor the formation of NiSi2,
but not so great that the material separates from the 10 solid solution.
For example, the material may be less than about 15 at.%, or between about
5 at.%  and about 10 at.% of the metal layer 150. Table 1 lists implant
beam energies to form up to about 300 A NiSi thickness, at a Si  implant
depth of about 150 A. For a case where the material is about 10 at.% of
metal layer 150, the  implant dose would be about i x 1018 cm2. Where the
material is about 15 at.% of metal layer 150, 15 the implant dose would be
about 1.5 x 1018 cm'2. For high doses such as these, plasma immersion  ion
implantation may provide a greater throughput than beam-line ion
implantation, although either  (or other) method may be used. Table 1
Material implant beam energy  V About 5 keV or less Ge About 6.5 keV or
less  Jr About 7 keV or less  Ti About 5 keV or less  



Cr About 5 keV or less  Ta About 8 keV or less 7 5 DEC 2006  WO 2004/001826
PCT/US2003/017599 Re About 8.5 keV or less  Zr About 7 keV or less Material
60 may be implanted into silicon regions such as gate 130 and active
regions 120, or into  metal layer 150. Material 60 may be implanted into
the silicon regions before or after the formation  of metal layer 150.
Material 60 may be implanted into both metal layer 150 and the silicon
regions, 5 as long as the amount is sufficient to make formation of a first
silicide energetically preferable to the  formation of a second silicide.
According to another embodiment of the invention, Figure 3 shows a wafer 10
including a  substrate 100. Similar to the embodiment shown in Figure 1,
substrate 100 is a crystalline silicon  substrate, which may be doped
p-type or n-type. Active regions 120, which may be source regions 10 or
drain regions, are isolated from active regions of other devices by an
oxide regions 110. Oxide  regions 110 may be formed by local oxidation of
silicon (LOCOS) methods, or by shallow trench  isolation (STI) methods, for
example. Active regions 120 may be n-type or p-type doped silicon,  and may
be formed according to known methods. A gate region 130 is formed on a gate
oxide 135. Gate region 130 may conventionally  15 comprise doped
polysilicon. Spacers 140, which may be oxide spacers, are formed next to
gate  region 130. A layer 160 is deposited (details below) over the surface
of wafer 10. Layer 160  includes a metal capable of forming a silicide and
an additional material. The metal may be capable  of forming a first
silicide and a second suicide, and the additional material may be soluble
in the  first silicide but not the second silicide. 20 For example, the
metal may be nickel, and the material may be soluble in NiSi but not in
NiSi2, so that the formation of NiSi2 is energetically disfavored, allowing
for more reliable  production of NiSi contacts. The additional material may
be Ge, Ti, Re, Ta, N, V, It, Cr, Zr, or  other appropriate material. 



Layer 160 may be formed by a number of methods. For example, layer 160 may
be  25 deposited using a vapor deposition process. Vapor deposition
includes, but is not limited to  evaporation, physical vapor deposition,
and laser ablation. According to an embodiment of the  invention, layer 160
is deposited by physical vapor deposition using a sputter target. The
sputter  target comprises the metal and the additional material in the
proportions to be used to prevent 8 5 DEC 2006  WO 2004/001826
PCT/US2003/017599 formation of NiSi2. The proportion of additional material
in the sputter target is large enough to be  effective, yet not so large
that the additional material separates out of the solid solution. For
example, where the metal is nickel and where the additional material chosen
from the group Ge, Ti,  Re, Ta, N, V, Ir, Cr, Ta, and Zr, the proportion of
additional material may be less than about 15 5 at.%, or between about 5
at.% and about 15 at.%. To deposit layer 160, wafer 10 is introduced into a
sputter chamber. Material is  conventionally sputtered from the sputter
target and forms layer 160 on wafer 10. After layer 160 is  formed on wafer
10, the temperature of wafer 10 is increased to form a silicide by the
reaction of  silicon with one or more metallic constituents of layer 160.
The silicidation process is described 10 more fully below. In some
embodiments of the invention, silicidation is performed using a single
rapid thermal  anneal (RTA) step. During the RTA, the temperature of the
wafer is raised to a temperature  sufficient to form the desired silicide;
for example to form NiSi. In other embodiments, a two step  process is
performed. 15 An embodiment of a two-step silicidation process for forming
NiSi contact regions is as  follows. During a first RTA, the temperature is
raised to between about 320 C and about 450 C,  for a time of about 5
seconds to about 60 seconds. A di-nickel silicide Ni2Si is formed during
the  first RTA, at a temperature low enough that silicon does not diffuse
up spacers such as spacers 140  of Figure 1 and Figure 3, which may cause
short circuits in the device. After the first RTA, a 20 selective etch is
performed which removes unreacted metallization (for example, portions of
metal  layer 150 of Figure 1 or layer 160 of Figure 3 disposed above
spacers 140, oxide regions 110, and  



other non-silicon regions of wafer 10). A second RTA is then performed,
during which the  temperature is raised to between about 400 C and about
550 C, for a time of about 5 seconds to  about 60 seconds. The low
resistance NiSi phase is formed during the second RTA. 25 While particular
embodiments of the present invention have been shown and described, it
will be obvious to those skilled in the art that changes and modifications
may be made without  departing from this invention in its broader aspects
and, therefore, the appended claims are to  encompass within their scope
all such changes and modifications as fall within the true spirit and
scope of this invention. 30 9 5 DEC 2006  CLAIMS: 1. A method of
semiconductor processing, comprising the acts of: forming a first region on
a semiconductor substrate , said first region  5 comprising silicon;
forming a layer on said first region , said layer comprising a metal, said
metal  capable of forming a first silicide and a second silicide;
implanting a material into said layer , whereby said implanting said
material  causes formation of said first silicide to be thermodynamically
favoured over formation  10 of said second silicide; and forming said first
silicide disposed over said first region by the reaction of the  silicon
with said metal. 2. A method as claimed in claim 1, wherein said material
is more soluble in said  15 first silicide than in said second silicide. 3.
A method as claimed in claim 2, wherein said metal comprises nickel, said
first  silicide comprises NiSi, and said second silicide comprises NiSi2.
20 4. A method as claimed in claim 3. wherein said material includes an
element  chosen from the group consisting of Ge, Ti, Re, Ta, N, V, Ir, Cr,
and Zr. 5. A method as claimed in any preceding claim, wherein said forming
said first  



silicide comprises raising the temperature of said semiconductor substrate
. 25 6. A method as claimed in any preceding claim, wherein said first
silicide  comprises a contact, said contact configured to provided
electrical contact with said  first region. 30 7. A method as claimed in
any preceding claim, wherein said first silicide is a self- aligned
silicide. 10 5 DEC 2006  9. The method as claimed in any preceding claim
wherein said metal comprises  5 nickel. 10. The method as claimed in any
preceding claim, wherein said first region  comprises a region selected
from a source region, a drain region, and a gate region. 10 11. The method
as claimed in any preceding claim, wherein said material is less  than
about 15 at. % of said first silicide. 12. The method as claimed in any
preceding claim, wherein said material is  between about 5 at. % and about
10 at. % of said first silicide. 15 13. The method as claimed in any
preceding claim, wherein after said implanting,  substantially all of said
material is distributed within said layer. 14. The method as claimed in any
preceding claim, wherein after said implanting, at  20 least a portion of
said material is distributed in said first region. 15. A method of
semiconductor processing, comprising the acts of: forming a first region on
a semiconductor substrate , said first region  comprising silicon;
implanting said first region with a material ; 25 forming a layer on said
first region said layer comprising a metal, said metal  capable of forming
a first silicide and a second silicide; and forming first silicide over
said first region by the reaction of the silicon with  



said metal. 11 5 DEC 2006  16. A method as claimed in claim 16, said
material being more soluble in said first  silicide than in said second
silicide such that the act of formation of said first silicide is
thermodynamically favoured over formation of said second silicide. 5 17. A
method as claimed in claim 16, wherein said metal comprises nickel, said
first silicide comprises NiSi, and said second silicide comprises NiSi2.
18. The method of claim 14, wherein said metal comprises nickel. 10 19. The
method of claim 18, wherein said material includes an element chosen from
the group consisting of Ge, Ti, Re, Ta, N, V, Ir, Cr, and Zr. 20. The
method of claim 14, wherein said forming said first silicide comprises
raising the temperature of said first region. 15 21. The method of claim
14, wherein said first silicide comprises a contact, said  contact
configured to provide electrical contact with said first region. 22. The
method of claim 14, wherein said first silicide is a self-aligned silicide.
20 23. The method of claim 14, wherein said first region comprises a region
selected  from a source region, a drain region, and a gate region. 24. The
method of claim 14, wherein said material is less than about 15 at. % of
25 said first silicide. 25. The method of claim 14, wherein said material
is between about 5 at. % and  about 10 at. % of said first silicide. 30 26.
A method of semiconductor processing, comprising the acts of: forming a
first  region on a semiconductor substrate, said first region comprising
silicon; forming a  12 5 DEC 2006  layer on said first region, said layer
comprising a metal, said metal capable of forming  



a first silicide and a second silicide; implanting a material into said
layer, said material  being more soluble in said first silicide than in
said second silicide; and forming said  first silicide disposed over said
first region by the reaction of the silicon with said 5 metal; wherein said
metal comprises nickel, said first silicide comprises NiSi, and said
second silicide comprises NiSi2. 27. A method of semiconductor processing,
comprising the acts of. forming a first  region on a semiconductor
substrate, said first region comprising silicon; forming a  10 layer on
said first region, said layer comprising a metal, said metal capable of
forming one or more silicides; implanting a material into said layer; and
forming a silicide  disposed over said first region by the reaction of the
silicon with said metal; wherein  said material is less than about 15 at. %
of said silicide. 15 28. A method of semiconductor processing, comprising
the acts of: forming a first  region on a semiconductor substrate, said
first region comprising silicon; implanting  said first region with a
material; forming a layer on said first region, said layer  comprising a
metal, said metal capable of forming one or more silicides; and forming a
silicide over said first region by the reaction of the silicon with said
metal; wherein said  20 material is less than about 15 at. % of said
silicide. 13 


