
2 8 MAR 2007  METHOD OF FORMING CONTACT PLUG ON SILICIDE STRUCTURE FIELD OF
INVENTION [0001] The present invention relates to methods of fabricating
integrated circuits,  and more particularly to methods of forming contact
plugs in integrated circuit structures.  BACKGROUND OF THE INVENTION [0002]
A prior art method of forming a contact plug to a gate, source or drain
region of a MOS device is provided in connection with FIGS. 1-1B. A MOS
device  structure is shown in FIG. 1. Methods for fabricating the structure
of.FIG. 1 are well  known in the art of integrated circuit fabrication, as
described in, for example, U.S.  Patent No. 6,232,224 to Inoue and U.S.
Patent No. 6,350,636 to Lee et al., the entirety of  which are hereby
incorporated by reference herein. The MOS device of FIG. 1 is  fabricated
on a substrate 2, such as a silicon substrate, and is isolated from other
devices  by shallow trench isolation (STI) 4. A gate dielectric 6, such as
an oxide, is formed on  the substrate 2 along with gate electrode 8, often
formed from polysilicon. The device  also includes lightly doped regions 10
and more heavily doped source/drain regions 12.  Spacers 14, usually of
silicon oxide, and metal silicide layers 16 are also provided. A  Gayer of
silicon nitride 18, which serves as an etch stop layer as described below,
is  disposed over the MOS device, along with an interlayer dielectric or
insulating layer 20.  [0003] Referring to ]FIG. 1A, a photoresist layer 22
is patterned and formed over  the interlayer dielectric film 20 to expose a
small area of the film 20 over gate 8 or  source/drain 12. An etch process
is then executed to open contact tunnel 24 through  interlayer dielectric
film 22 down to the etch stop layer 18 above the selected contact  region.
This etch stop layer helps protect side wall spacers 14 from being etched.
After  the contact tunnel 24 is formed, a second etch step is performed to
remove the etch stop  layer 18 to expose the desired metal silicide contact
region 16. A wet etch process is also  performed to remove the photoresist
22 and any polymer remaining from the  aforementioned etch steps. As shown
in FIG. 1B, a contact plug 26 is then deposited to  



form a contact to the exposed metal silicide region 16. An additional
cleaning step may 2 8 MAR 2007  2 also be performed to smooth the silicide
region and remove any native oxide before  depositing the contact plug 26.
[0004] Metal silicide layers 16 are usually either cobalt, tungsten, or
titanium  silicides. Tungsten silicide layers are typically used for .35 m
processes, titanium  silicide is used for.25 um processes, and cobalt
suicide is usually selected for.13-.18 /Cm  processes. Nickel silicide
contacts have been proposed for newer processes, such as .13  m and smaller
processes, in order to provide resistivity reductions and to take advantage
of nickel silicide's low leakage or diffusion characteristics. A problem
arises, however,  when opening contact holes to nickel silicide contact
regions using prior art processes.  These processes typically use CF based
etchants, and it is believed that the 02, F and/or  CO components of either
or both of the photoresist removal etchant or the etch stop layer  removal
etchants react with the nickel silicide contact regions, resulting in
contact  resistivity (Rc) failure -essentially an open circuit. This is
generally not a concern when  cobalt silicide contact regions are utilized,
as described in Inoue, because cobalt silicide  is more stable than nickel
silicide and does not suffer from the consequent contact Rc  failure issue.
[0005] Therefore, there is a need for a new method of forming contacts to a
device. To that end, there remains a need for a new method of opening
contact tunnels to  silicide contact regions, such as nickel silicide
contact regions, when forming contact  plugs to an integrated circuit
device. SUMMARY OF THE INVENTION [0006] A first method of manufacturing a
semiconductor device is provided. A  semiconductor element is formed on a
substrate. The semiconductor element has at least.  one nickel silicide
contact region, an etch stop layer formed over said element, and an,
insulating layer formed over said etch stop layer. A portion of the etch
stop layer  



immediately over a selected contact region is removed using a process that
does not  substantially react with the contact region, to form a . contact
opening. The contact  opening is then filled with a conductive material to
form a contact. [0007] In an alternative method of manufacturing a
semiconductor device, a  semiconductor element is formed on a substrate
including at least one nickel silicide 2 8 MAR 2007  3 contact region, a
first etch stop layer formed over the element, a second etch stop layer
formed over the first etch stop layer, and an insulating layer formed over
the second etch  stop layer. The first etch stop layer is removed over a
selected contact region using a  process that does not substantially react
with the contact region, to form a contact  opening. The contact opening is
then filled with a conductive material to form a contact  with. [0008] The
new method of manufacturing a semiconductor device minimizes  reactions
between the nickel silicide contact regions during opening of contact holes
or  tunnels during the formation of contact plugs thereto. The process
thereby reduces  contact Rc failures and increases the yield of the
manufacturing process. [0009] The above and other features of the present
invention will be better  understood from the following detailed
description of the preferred embodiments of the  invention that is provided
in connection with the accompanying drawings. BRIEF DESCRIPTION OF DRAWINGS
[0010] The accompanying drawings illustrate preferred embodiments of the
invention, as well as other information pertinent to the disclosure, in
which: FIGS. 1-1B illustrate a prior art method of forming contacts to a
silicide contact  region of a MOS device; FIGS. 2-2C illustrate a first
exemplary method of forming a contact to a silicide  contact region; FIGS.
3-3C illustrate another exemplary method of forming a contact to a silicide



contact region; and. FIGS. 4A-4D are cumulative curves of measured contact
resistance values of  contact plug regions formed according to the present
method. DETAILED DESCRIPTION [0011] A new method of manufacturing an
integrated circuit, including a new  method of opening a contact hole to a
contact region of a semiconductor device, is  described hereafter in
connection with FIGS. 2-4D. For ease of illustration, the method is
described using enlarged views of contact regions of a semiconductor
element without 2 8 MAR 2007  4 illustrating the complete element
structure, and it should be understood that these views  are only partial
views of a complete structure, such as the MOS transistor device shown  and
described in connection with FIG. 1, a CMOS device, a capacitor or other
semiconductor element. [0012] FIGS. 2-2C illustrate a first exemplary
method of forming a contact to a  metal silicide region, preferably a
nickel silicide region. Referring first to FIG. 2, a metal  silicide
contact region 102 is formed on a semiconductor substrate 100, such as a
silicon,  germanium or silicon on insulator (SOl) substrate. The metal
silicide region 102  typically is formed over a source or drain region or
gate electrode. An etch stop layer  104 is formed over the metal silicide
region, and an insulating or dielectric layer 106 is  formed thereover. A
photoresist layer 108 is patterned and formed as shown to expose a  region
for developing a contact hole or tunnel to the metal silicide region 102.
[0013] As mentioned, region 102 includes a metal silicide, such as a
tungsten,  titanium, or cobalt silicide. More preferably, and for smaller
size technologies, e.g., .13  m and below, region .102 includes a nickel
silicide layer. The stop layer 104 and  dielectric layer 106 should be
selected such that the stop layer 104 has a significantly  lower etch rate
relative to an etchant than the dielectric layer 106, consistent with cost,
process robustness and integration concerns familiar to those of ordinary
skill. In one  



embodiment, the dielectric layer 106 is a silicon oxide such as SiO2 and
etch stop layer  104 is formed from silicon nitride (SiN) or silicon
oxy-nitride (SiON) and has a thickness  Ti between approximately 100-500 A,
and more preferably, between approximately 250- 300 A. In another example,
a low K material may be selected for dielectric layer 106. In  such an
embodiment, a Si02 layer may be used as the stop layer 104. [0014]
Referring now to FIG. 2A, a first etch process is employed to open a
contact tunnel or hole 112' through dielectric layer 106 to at least the
etch stop layer 104,  and preferably to at least partially through etch
stop layer 104 without exposing metal  silicide region 102. The etch
process can utilize known etch process techniques for  opening up contact
holes through the interlayer dielectric 106 and for removing the etch  stop
layer 104, as described, for example, in the "Background of the Invention"
section  and U.S. Patent No. 6,232,224 to Inoue. A two stage etch process
is typically employed,  with the dielectric layer 106 being removed in a
selected region over a selected contact 2 8 MAR 2007  5 by a first etch
process. It is preferable to use an etch method in which an etching rate of
the layer 106 is larger than the etching rate of the layer 104. This main
etch process is  typically accomplished using a CF based dry etch process.
Conventionally in the second  etch stage, the etch stop layer is then
completely etched through using a second etch  method, where an etch method
is preferably selected such that the etching rate of the  layer 104 is
greater than that of the dielectric layer 106. This may be accomplished
using, for example, a CHF based etch process. [0015] If conventional etch
processes are employed, however, the processes can  react with a
metal-silicide region as described in the "Background of the Invention"
section. In the present example, particularly with a nickel-silicide
region, the processes  are controlled so as to not etch completely through
the etch stop layer 104 to expose the  metal silicide : region 102. It is
understood that it can be difficult to control an etch  process to exactly
stop partially through a layer. Therefore, the etch stop layer 104  



preferably has sufficient thickness so as to facilitate only a partial etch
through the layer  104. Between approximately 50-200 A of etch stop layer
104 is preferably consumed,  leaving a thickness T2 of etch stop layer
remaining as shown in FIG. 2A. [0016] The remaining portion of the etch
stop layer 104, or alternatively the entire  etch stop layer 104, is then
removed using a process that does not substantially react with  the metal
silicide layer 102. In one exemplary embodiment, the silicide. layer 102
includes a nickel silicide and the layer 104, or that remaining part
thereof, is physically  removed using an argon sputter process, with plasma
power between approximately 100- 800 Watts (W), bias power between
approximately 100-800W at a pressure of between  approximately 0.1-5 mTorr.
An argon sputter process is sometimes referred to as "pre- metal. clean and
is sometimes employed to remove the native oxide that forms as  vacuum
breaks when a silicon or silicide surface reacts with the atmosphere after
the etch  stop layer is removed by an etch process described above in the
Background section.  However, in the present method, the sputter process is
expanded and employed to remove  the etch stop layer 104 itself. Other
inert gas sputtering processes may also be used, such  as a helium sputter
process. [0017] Although it is preferable to use a purely physical removal
process such as  sputtering so that the silicide layer 102 does not react
with CF, F, 02 or CO radicals, a 2 8 MAR 2007  6 dry etch process utilizing
an inert gas, such as argon or helium, may alternatively be  employed with
a dilute etchant solution to minimize reaction with the metal silicide
layer  102. For example, an argon or helium gas plasma etch including
0.01-10% with plasma  power between approximately 100-800W and bias power
between 20-500W is  appropriate for removing a SiN or SiON layer 104 over a
nickel silicide layer 102. Low  concentrations of NF3 reduce reactions with
the nickel silicide layer. Alternatively, an  argon or helium gas plasma
etch including 0.01-10% HF may be employed. It is also  contemplated that a
hot phosphoric acid removal process may be employed. 



[0018] In the manner described above, a contact hole 112" is opened through
the  dielectric layer 106 and etch stop layer 104 through to the exposed
metal silicide layer  102, as shown in FIG. 2B. As shown in FIG. 2C, a
conductive material, such as tungsten,  is then deposited to fill tunnel
112" to form contact plug 110. This may be accomplished  using a
conventional process or another deposition technique. [0019] FIGS. 3-3C
illustrate an alternative method of forming a contact plug to a  metal
silicide contact region. Like references are used to indicate like
structure shown in  FIGS. 2-2C. Referring first to FIG. 3, a semiconductor
structure is provided on a  substrate 100, including metal silicide layer
102, silicon nitride or silicon oxy-nitride etch  stop layer 104,
interlayer dielectric 106 and patterned photoresist layer 108. In addition
to this structure, which is described above, a relatively thin oxide layer
(Si02) 114 is  provided over the metal silicide layer 102 and before
formation of etch stop layer 104.  This oxide layer 114 preferably has a
thickness between. approximately 50-100 A, and  may be formed using a
chemical vapor deposition (CVD) or N20 treatment, for example,  or using a
furnace tube. This oxide layer 114 serves as an additional etch stop layer
as  described below. [0020] Referring now to FIG. 3A, a tunnel 116' is
opened through dielectric layer  106 and etch stop layer 104. These layers
106, 104 may be removed by conventional CF  based dry etch process without
adversely affecting the metal silicide layer 102, which is  protected by
oxide layer 114. Regardless of how tunnel 116' is formed, the oxide layer
114 is then removed in the manner described above for etch stop layer 104
using a  process that does not substantially react with the metal silicide
layer 102, which is  preferably a nickel silicide layer. 7 2 8 MAR 2007
[0021] In one exemplary embodiment, oxide layer 114 is physically removed
using an argon sputter process, with plasma power between approximately
100-800W,  bias power between approximately 100-800W at a pressure between
approximately 0.1-5  mTorr. As mentioned above, other inert gas sputtering
processes, such as a helium  



sputter process, may be employed to remove oxide layer 114. [0022]
Alternatively, a dry etch process utilizing an inert gas, such as argon or
helium, is employed with a dilute etchant solution to minimize reaction
with the metal  silicide layer 102. For example, an argon or helium gas
plasma etch including 0.01-10%  NF3 may be used with plasma power between
approximately 100-800W and bias power  between 20-500W. Alternatively, an
argon or helium gas plasma etch including .1-10%  HF may be employed.
[0023] In the manner described above, a contact hole 116" is opened through
the  dielectric layer 106, etch stop layer 104 and oxide stop layer 114
through to the exposed  metal silicide layer 102. As is conventional and as
shown in FIG. 3C, a conductive  material, such as tungsten, is then
deposited to fill tunnel 112" to form contact plug 110.  [0024] Because, as
described above, the etch stop layer 104 or 114, as the case  may be,
immediately above the metal silicide layer is removed using a process that
does  not substantially react with the metal silicide layer, the contact
resistivity problem  described above is addressed and good contact is
facilitated between the contact plug 110  and metal silicide regions 102.
These results were confirmed (as described below) in  tests using the first
approach described above in connection with FIGS. 2-2C for nickel  silicide
contact regions. [0025]. As mentioned, the method of forming contact plugs
described above was  tested. The contact resistance values of different
dies were plotted together in cumulative  curves. Specifically, the contact
resistances were measured and plotted for contact plugs  having diameters
of 0.10, 0.11, 0.12, 0.13 and 0.16 ,um for the following contact regions:
contact to N+ active region (FIG. 4A) contact to P+ active region (FIG.
4B); contact to  N+ polysilicon region (FIG. 4C); and contact to P+
polysilicon region. [0026] The aforementioned cumulative curves show yields
for the fabrication  process for contact areas of various sizes. The X-axis
shows contact resistance values.  Conventional process techniques would
result in all measured contacts being open (i.e., 2 8' MAR 2007  



8 contact Rc failure) and cumulative curves could not be generated. FIG. 4A
and 4B  indicate 100% yields, with no measured open circuits as is evident
from the cumulative  plots. FIGS. 4C and 4D exhibit vastly improved yield
results over prior processes, with  only a small percentage of the 0.12,
0.13 and 0.16 Icm contact regions in FIG. 4C and  0.16 ,um contact regions
indicating open circuits. [0027] Although the invention has been described
in terms of exemplary  embodiments, it is not limited thereto. Rather, the
appended claims should be construed  broadly to include other variants and
embodiments of the invention that may be made by  those skilled in the art
without departing from the scope and range of equivalents of the  invention
9 2 8 MAR 2007  CLAIMS What is claimed is: 1. A method of manufacturing a
semiconductor device, comprising the steps of:  (a) forming a semiconductor
element on a substrate, said semiconductor  element having at least one
nickel silicide contact region, an etch stop layer formed over  said
element and an insulating layer formed over said etch stop layer; (b)
removing a portion of said etch stop layer immediately over a selected
contact region using a process that does not substantially react with said
contact region,  to form a contact opening, said process including a non-CF
based removal process; and (c) filling said contact opening with conductive
material to form a contact.  2. The method of claim 1, wherein step (b)
includes the step of removing said  insulating layer to form an opening
over said selected contact region through said  insulating layer at least
to said etch stop layer without exposing said contact region. 3. The method
of claim 2, wherein said insulating layer removal step includes the  step
of forming said opening partially through said etch stop layer. 4. The
method of claim 3, wherein said etch stop layer has an initial thickness of



between about 100-500 A and a portion of the etch stop layer having a
thickness of  between about 50-200 A is removed when said opening is formed
partially through said  etch stop layer. The method of claim 1, wherein
said portion of said etch stop layer is removed  using a sputtering process
utilizing an inert gas. 6. The method of claim 5, wherein said sputtering
process is an argon sputter  process or a helium sputter process. 7. The
method of claim 1, wherein said portion of said etch stop layer is removed
using a dry etch process utilizing an inert gas. 10 2 8 MAR 2007  8. The
method of claim 7, wherein said dry etch process is a plasma etch using a
nitrogen fluoride and helium or argon mix. 9. The method of claim 8,
wherein said mix is approximately 0.01-10% nitrogen  fluoride. 10. The
method of clam 7, wherein said dry etch process is a plasma etch using a
hydrogen fluoride and helium or argon mix. 11. The method of claim 10,
wherein said mix is approximately 0.01-10% hydrogen  fluoride. 12. A method
of manufacturing a semiconductor device, comprising the steps of:  (a)
forming a semiconductor element on a substrate, said semiconductor  element
having at least one nickel silicide contact region, a first etch stop layer
formed  over said element, a second etch stop layer formed over said first
etch stop layer and an  insulating layer formed over said second etch stop
layer; (b) removing said first etch stop layer over a selected contact
region using a  process that does not substantially react with said contact
region, to form a contact  opening, said process including a non-CF based
removal process; and (c) filling said contact opening with conductive
material to form a contact. 13. The method of claim 12, wherein step (b)
includes the step of forming an opening  



over said selected contact region to said first etch stop layer without
exposing said  selected contact region. 14. The method of claim 12, wherein
said first etch stop layer is removed using a  sputtering process utilizing
an inert gas. 11 2 8 MAR 2007  15. The method of claim 14, wherein said
sputtering process is an argon or helium  sputter process. 16. The method
of claim 12, wherein said first etch stop layer is removed using a dry
etch process utilizing an inert gas. 17. The method of claim 16, wherein
said dry etch process is a plasma etch using a  nitrogen fluoride and
helium or argon mix. 18. The method of claim 17, wherein said mix is
approximately 0.01-10% nitrogen  fluoride. 19. The method of claim 16,
wherein said dry etch process is a plasma etch using a  hydrogen fluoride
and helium or argon mix. 20. The method of claim 19, wherein said mix is
approximately 0.01-10% hydrogen  fluoride. 21. The method of claim 12,
wherein said first etch stop layer is an oxide. 22. The method of claim 21,
wherein said first etch stop layer has a thickness of less  than or equal
to approximately 100 A. 23. A method of manufacturing a semiconductor
device, comprising the steps of:  (a) forming a semiconductor element on a
substrate, said semiconductor  element having at least one nickel silicide
contact region, an etch stop layer formed over  said element and an
insulating layer formed over said etch stop layer; (b) etching an opening
over a selected contact region through said insulating  layer at least to
said etch stop layer using a first process without exposing said selected
contact region; 12 2 8 MAR 2007  



(c) removing a portion of said etch stop layer immediately over said
selected contact region using a second process that does not substantially
react with said contact  region, said second process including a non-CF
based removal process, whereby a  contact opening is formed; and (d)
filling said contact opening with conductive material to form a contact.
24. The method of claim 23, wherein said etch stop layer has a thickness of
between  approximately 100-500 A and between about 5 0-200 A is removed at
step (b). 25. The method of claim 23, wherein said second etch process is a
sputtering process  utilizing an inert gas. 26. The method of claim 25,
wherein said sputtering process is an argon or helium  sputter process. 27.
The method of claim 23, wherein said second etch process is a dry etch
process  utilizing an inert gas. 28. The method of claim 27, wherein said
dry etch process is a plasma etch using a  nitrogen fluoride and helium or
argon mix, wherein said mix is approximately 0.01-10%  nitrogen fluoride.
29. The method of claim 27, wherein said dry etch process is a plasma etch
using a  hydrogen fluoride and helium or argon ink, wherein said mix is
approximately 0.01-10%  hydrogen fluoride. 30. The method of claim 23,
wherein said etch stop layer includes silicon nitride or  silicon
oxy-nitride, and said first process includes a CF based dry etch process.
31. A method of manufacturing a semiconductor device, comprising the steps
of: 13 2 8 MAR 2007  (a) forming a semiconductor element on a substrate,
said semiconductor element having at least one metal silicide contact
region, a first etch stop layer including  an oxide formed over said
element, a second etch stop layer formed over said first etch  stop layer
and an insulating layer formed over said second etch stop layer; (b)
etching an opening over a selected contact region to said first etch stop  



layer using a first process without exposing said selected contact region;
(c) removing said first etch stop layer over said selected contact region
using  a second process that does not substantially react with said contact
region, said second  process including a non-CF based removal process,
whereby a contact opening is formed;  and (d) filling said contact opening
with conductive material to form a contact.  32. The method of claim 31,
wherein said metal silicide contact region is a nickel  silicide contact
region. 33. The method of claim 32, wherein said second process is a
sputtering process  utilizing an inert gas. 34. The method of claim 33,
wherein said sputtering process is an argon or helium  sputter process. 35.
The method of claim 32, wherein said second process a dry etch process
utilizing  an inert gas. 36. The method of claim 35, wherein said dry etch
process is a plasma etch using a  nitrogen fluoride and helium or argon
mix, wherein said mix is approximately 0.01-10%  nitrogen fluoride. 37. The
method of claim 35, wherein said dry etch process is a plasma etch using a
hydrogen fluoride and helium or argon mix, wherein said mix is
approximately 0.01-10%  hydrogen fluoride. 2 8 MAR 2007  14 38. The method
of claim 32, wherein said second etch stop layer includes silicon  nitride
or silicon oxy-nitride, and said first process includes a CF based dry etch
process.  39. The method of claim 31, wherein said first etch stop layer
has a thickness of less  0 than or equal to approximately 100 A. 40. A
method of manufacturing a semiconductor device, comprising the steps of:  



(a) forming a semiconductor element on a substrate, said semiconductor
element having at least one metal silicide contact region, an etch stop
layer formed over  said element and an insulating layer formed over said
etch stop layer; (b) etching an opening over a selected contact region
partially through said  etch stop layer with a first process without
exposing said selected contact region; (c) removing a portion of said etch
stop layer immediately over said selected  contact region using a second
process that does not substantially react with said contact  region, said
second process including a non-CF based removal process, whereby a  contact
opening is formed; and (d) filling said contact opening with conductive
material to form a contact.  41. The method of claim 40, wherein said
second process is a sputtering process  utilizing an inert gas. 42. The
method of claim 40, wherein said, second process is a plasma etch using a
nitrogen fluoride and helium or argon mix, wherein said mix is
approximately 0.01-10%  nitrogen fluoride. 43. The method of clam 40,
wherein said second process is a plasma etch using a  hydrogen fluoride and
helium or argon mix, wherein said mix is approximately 001-10%  hydrogen
fluoride. 


