
1 METHODS FOR IMPROVING SHEET RESISTANCE OF SILICIDE LAYER  AFTER REMOVAL
OF ETCH STOP LAYER TECHNICAL FIELD [00011 The present invention relates
generally to methods for manufacturing  semiconductor devices, and more
particularly to methods for improving a resulting sheet  resistance of a
silicide layer after the removal of an etch stop layer. BACKGROUND  [00021
It is known to use a silicide layer at a contact opening to improve the
contact  between a conducting material (e.g., copper, tungsten) filling the
contact opening and the  underlying substrate. Typically the contact
opening opens to a source, drain, and gate  region (i.e., a heavily doped
silicon region) formed in the underlying substrate (CMOS).  However, a
contact opening may open-to other regions or layers as well. There are many
different processes and known ways to form a silicide layer and a contact
opening. Also,  there are wide varieties of materials that are typically
used for the silicide layer. During  the process of forming the contact
opening, etching steps may lead to oxidation of the  silicide layer. Such
oxidation is usually undesirable because the oxidized portions often  have
a higher contact resistance. Also during such oxidation, silicon of the
silicide layer  may be consumed forming silicon dioxide, for example.
Hence, there is a need for a way  to reduce the amount of oxidation
experienced by the silicide layer during the etching  step(s) used to form
the contact opening and/or used to remove an etch stop layer. TSMC2002-0426
2 SUMMARY 



(00031 The problems and needs outlined above are addressed by embodiments
of the present invention. In accordance with one aspect of the present
invention, a method of  manufacturing a semiconductor device is provided.
The method includes the following  steps. First, a nickel silicide layer is
formed on a substrate. Second, a hydrogen plasma  treatment is performed on
the silicide layer. Third, an etch stop layer is formed over the  silicide
layer. Fourth, a dielectric layer is formed over the etch stop layer.
Fifth, an  opening is formed in the dielectric layer. Sixth, a portion of
the etch stop layer is etched  away at the opening to expose at least a
portion of the silicide layer therebeneath. A  substantial portion of the
silicide layer may have a NiSi composition before the etching  step.
Preferably, the change in sheet resistance for the exposed silicide layer
portion at  the opening after the etching step, as compared to before the
etching step, is not greater  than about 0.10 ohms/square. Also preferably,
the sheet resistance for the silicide layer  portion at the opening after
the etching step is substantially unchanged. The hydrogen  plasma treatment
step may induce the formation of metal hydride bonds in the silicide
layer. The etch chemistry mixture used during the etching step may include
hydrogen  gas. [00041 In accordance with another aspect of the present
invention, a method of  manufacturing a semiconductor device is provided.
This method may include the  following steps. First, a nickel silicide
layer is formed on a substrate. Second, an etch  stop layer is formed over
the silicide layer. Third, a dielectric layer is formed over the  etch stop
layer. Fourth, an opening is formed in the dielectric layer. Fifth, a
portion of  the etch stop layer is etched away at the opening to expose at
least a portion of the silicide TSMC2002-0426 3 



layer therebeneath using an etch chemistry mixture that includes hydrogen
gas. A  hydrogen plasma treatment may be performed on the silicide layer
before the step of  forming the etch stop layer. [0005] In accordance with
yet another aspect of the present invention, a method of  manufacturing a
semiconductor device is provided. This method includes the following
steps. First, a nickel silicide layer is formed on a substrate. A
substantial portion of the  silicide layer has a NiSi composition. Second,
an etch stop layer is formed over the  silicide layer. Third, a dielectric
layer is formed over the etch stop layer. Fourth, an  opening is formed in
the dielectric layer. Fifth, a portion of the etch stop layer is etched
away at the opening to expose at least a portion of the silicide layer
therebeneath, wherein  the change in sheet resistance for the exposed
silicide layer portion at the opening after  the etching step, as compared
to before the etching step, is not greater than about 0.10  ohms/square.
Also, a hydrogen plasma treatment may be performed on the silicide layer
before the step of forming the etch stop layer. Preferably, an etch
chemistry mixture used  for the etching step includes hydrogen gas. [0006]
The foregoing has outlined rather broadly the features of the present
invention  in order that the detailed description of the invention that
follows may be better  understood. Additional features and advantages of
the invention will be described  hereinafter which form the subject of the
claims of the invention. It should be  appreciated by those skilled in the
art that the conception and specific embodiment  disclosed may be readily
utilized as a basis for modifying or designing other structures or
processes for carrying out the same purposes of the present invention. It
should also be TSMC2002-0426 4 



realized by those skilled in the art that such equivalent constructions do
not depart from  the spirit and scope of the invention as set forth in the
appended claims. BRIEF DESCRIPTION [0007] For a more complete understanding
of the present invention, and the  advantages thereof, reference is now
made to the following descriptions taken in  conjunction with the
accompanying drawings, in which: [0008] FIGs. 1-4 are sectional side views
of a semiconductor device being formed; [0009] FIG. 5 is an enlarged view
of a portion of FIG. 4; [0010] FIG. 6 is an energy-dispersive X-ray spectra
plot of the silicide layer at spot A in FIG. 5; [0011] FIG. 7 is an
energy-dispersive X-ray spectra plot of the silicide layer at spot B in
FIG. 5; [0012] FIG. 8A is a sectional side view of a semiconductor device
after the etch stop  layer has been removed using the second embodiment of
the present invention; and [0013] FIG. 8B is a sectional side view of the
semiconductor device of FIG. 8A after  being bombarded with etch
chemistries used for removal of the etch stop layer. TSMC2002-0426 5
DETAILED DESCRIPTION [00141 The use of presently preferred embodiments are
discussed in detail below. It should be appreciated, however, that the
present invention provides many applicable  inventive concepts that can be
embodied in a wide variety of specific contexts. The  specific embodiments
discussed are merely illustrative of specific ways to make and use  the
invention, and do not limit the scope of the invention. 



100151 The present invention will be described with respect to preferred
embodiments  in a specific context of making semiconductor devices, namely
processes for hindering an  increase in sheet resistance across a silicide
layer after removing an etch stop layer over  the silicide layer at a
contact opening. [00161 FIGs. 1-4 are sectional side views of a
semiconductor device 20 being formed.  In FIG. 1, a silicide layer 22 made
from nickel silicide (NiSi), for example, is formed on  a substrate 24. An
etch stop layer 26 is formed over the silicide layer 22. A typical etch
stop layer 26 composition may include, but is not necessarily limited to:
silicon oxynitride (SiON), silicon nitride (SiN), silicon carbide (SiC),
other carbide mixtures,  oxide mixtures, or any combination thereof, for
example. A dielectric layer 28 (e.g.,  SiO2) is formed on the etch stop
layer 26. A bottom anti-reflective coating 30 is formed  on the dielectric
layer 28, and a photoresist layer 32 is formed on the bottom anti-
reflective coating 30. An opening 34 (e.g., via or contact pattern) is
formed in the  photoresist layer 32. In FIG. 2, a contact etching step
(e.g., using a conventional wet  etching step) has been performed to
further form the opening 34 down to the etch stop  layer 26. In FIG. 3, the
photoresist layer 32 and the bottom anti-reflective coating 30
TSMC2002-0426 6 have been removed. The next processing step between FIG. 3
and FIG. 4 is typically a dry etching step to remove the etch stop layer 26
from the bottom of the opening 34 to expose the silicide layer 22. [00171
Nickel silicide materials will be used by some manufacturers in the next
generation of semiconductor devices for the silicide layer 22 to provide
less silicon  consumption for the applications of ultra shallow junction
and provide less line width  



dependence for smaller geometry, and keeping a compatible resistance as
compared to  past-used metal silicides. There are several nickel silicide
materials being considered for  use, including (but not necessarily limited
to): NiSi, Ni2Si, and NiSi2. In comparing  these three nickel silicides,
NiSi is preferred over Ni2Si and NiSi2 because NiSi provides  a lower sheet
resistance than Ni2Si and NiSi2. However, NiSi is a thermodynamically
unstable phase of this metal silicide. That is, NiSi is more easily
oxidized and fluoridated  during dry etching to form SiO[err] and NiF2
(i.e., NiSi is more attracted by oxygen and free  fluorine) than NiSi2.
Such conversion of NiSi to SiO2 and/or NiF2 consumes the silicon  and/or
nickel, which changes the resistance characteristics of the silicide layer
22. Thus,  to use the more desirable NiSi material for the silicide layer
22, there is a need for an  improved way to perform the dry etching step
for removing the etch stop layer 26 (e.g.,  step between FIGs. 3 and 4)
while decreasing oxidation and/or fluoridation of the NiSi  material and
while limiting the change in sheet resistance of the silicide layer 22. The
processing methods of the preferred embodiments address these issues, as
described  below. [00181 The NiSi layer may be formed by depositing nickel
(and in some cases also a  capped layer, e.g., Ti metal) directly on the
silicon or polysilicon at a source, drain, and/or TSMC2002-0426 7 gate
regions of the substrate 24 (i.e., after ion implantation steps for forming
the heavily  doped regions) and inducing the nickel to diffuse into the
silicon. A high temperature environment of about 400-500 C promotes the
diffusion of the nickel into the silicon  substrate 24. The timing,
temperature, atmosphere and pressure of this metal diffusion  process will
affect the ratio of nickel to silicon in the resulting.silicide layer 22.
The  



excess nickel metal and capped layer, if any, is removed using a wet etch
to leave the  desired NiSi layer 22. A self-aligned silicide formation
(i.e., salicide process) may be  used to form the NiSi layer 22 on only the
source and/or drain regions. [00191 FIGs. 5-7 are used next to illustrate
the typical changes to a NiSi layer 22  when performing a dry etching step
using a conventional oxygen-containing dry etch  (e.g., etch chemistries
including 02 and/or CO) for removing the etch stop layer 26 at the  contact
opening 34. FIG. 5 is an enlarged sectional side view corresponding to the
side  view shown in FIG. 4, focusing on a silicided contact region 36
(i.e., the bottom of the  contact opening 34 where the silicide layer 22 is
exposed). Thus, if the processing step  between FIGs. 3 and 4 is a
conventional oxygen-containing dry etch (e.g., etch  chemistries including
02 and/or CO), the resulting silicided contact region 36 may be as  shown
in FIG. 5. FIG. 6 is an energy-dispersive X-ray spectra plot of the
silicide layer 22  at spot A in FIG. 5. Spot A in FIG. 5 is a portion of
the silicide layer 22 not exposed to  the dry etching process, and thus not
changed by the dry etching process. Note in FIG. 6  that the amount of
nickel (about 9 counts per second (cps) at about 0.8 keV) and the  amount
of silicon (about 9 cps at about 1.8 keV) are in equal proportions, as
desired to  have the preferred NiSi properties. TSMC2002-0426 8 [0020] Spot
B in FIG. 5 is a portion at the silicided contact region 36 (i.e., at the
contact opening 34) where the NiSi layer 22 has been oxidized by the dry
etching process used to remove the etch stop layer 26 (i.e., between FIGs.
3 and 4). FIG. 7 is an energy-dispersive X-ray spectra plot of the silicide
layer 22 at spot B in FIG. 5. As  shown in FIG. 7, much of the nickel and
silicon have been consumed by oxidation and  



fluoridation during the dry etching process. As shown in FIG. 7 for spot B,
the amount of  nickel at about 0.8 keV is only about 1 cps at spot B, as
compared to about 9 cps at spot  A (see FIG. 6). The amount of silicon in
FIG. 7 for spot B at about 1.8 keV is only about  4.3 cps, as compared to
about 9 cps at spot A (see FIG. 6). Also note that in FIG. 7 at  about 7.3
keV, there is only about 0.9 cps at spot B, as compared to about 9 cps at
spot A  (see FIG. 6 at about 7.3 keV). Thus, the contact resistance at spot
B is higher than at spot  A where the NiSi remains unchanged. [0021]
Preferred embodiments of the present invention address the undesired
conversion of a silicide layer 22 to materials with higher sheet resistance
during the etch  stop layer removal. In testing, the inventors found that
the undesirable oxidation and/or  fluoridation of an NiSi layer 22 may be
reduced by a hydrogen (H2) plasma treatment or  an etch stop layer etching
using hydrogen-containing etch chemistries, or a combination  of the two,
as will be next described. [0022] In a first embodiment of the present
invention, an H2 plasma treatment is used  to form metal hydride at and
just beneath the surface of the NiSi layer 22. In the first  embodiment,
the H2 plasma treatment is performed after the silicide layer 22 is formed
on  the substrate 24 (e.g., as described above) and before the etch stop
layer 26 and TSMC2002-0426 9 subsequent layers (dielectric layer 28,
anti-reflective coating 30, and photoresist 32) are deposited on the
silicide layer 22. [0023] Although it is difficult to determine the
location of hydrogen in the crystal  structure of NiSi, it is believed that
the H2 plasma treatment causes a top portion of either  the NiSi layer 22
to form metal hydride bonds (e.g., Ni-H bonds) and/or silicon hydride  



bonds (e.g., silicon hydride layer through H ion flux induced Ni
diffusion). The presence  of metal/silicon hydride bonds at the top portion
of the NiSi layer 22 will minimize the  oxidation and fluoridation of the
NiSi layer 22 during a subsequent dry etch to remove  the etch stop layer
26. The H2 plasma treatment process includes a step of pumping H2  gas into
a plasma chamber. Other gases may be used alternatively for the H2 plasma
treatment to induce metal hydride bond formations, including Ammonia gas
(NH[err]) or a  mixture of N2 and H2 gas, where the nitrogen acts as a
carrier gas for the hydrogen. [0024] The inventors performed a first phase
of testing to evaluate different  conditions of using the first embodiment
(i.e., H2 plasma treatment to hinder oxidation)  for a NiSi silicide layer
22. In testing different methods of reducing oxidation and  fluoridation of
the silicide layer 22, a measure that may be used to compare results is the
change in or difference in sheet resistance for the silicide layer 22 after
the dry etching  step (etching to remove the etch stop layer 26 covering
the silicide layer 22 at the contact  opening 34) as compared to the
silicide layer 22 before the H2 plasma treatment and  before the removal of
the etch stop layer 26. The Rs tests were performed using blanket  NiSi
film within 300A thickness and without capping etch stop layer, and
directly  comparing the difference of sheet resistance (delta Rs) with pre-
and post-dry etched  NiSi. For example, looking at FIG. 5- the sheet
resistance (Rs) across the silicide layer22 TSMC2002-0426 10 at spot B may
be compared to the sheet resistance (Rs) at spot A, which is representative
of the original silicide layer composition before etching at spot B.
TSMC2002-0426 11 



[0025] The following test data in Table I shows the test results from the
first phase of  testing for evaluating the first embodiment, with a focus
on using H2 plasma treatment  under different conditions. The primary
variables changed in these tests of Table 1 were  pressure, source power,
and bias power. Table 1 est' Rs (ohms/square)Ave. Delta Testing conditions
14TR sRs CA4.804.814.794.80--Nisi 15.005.015.015.010.21H2 / 50 mTorr / 1000
W / 100 W 25.065.065.065.060.26H2 / 50 mTorr / 500 W / 100 W
35.035.035.035.030.23H2/ 100 mTorr / 1000 W / 100 W
45.065.065.055.060.26H2/ 100 mTorr / 500 W / 100 W 54.864.864.864.860.06H2
/ 50 mTorr / 1000 W / 0 W 64.894.904.894.890.09H2 / 50 mTorr / 500 W / 0 W
75.185.185.195.180.38112/50mTorr/500W/100W+ 02 / 50 mTorr / 1500 W / 100 W
84.914.924.934.920.12H2 / 50 mTorr / 500 W / 0 W + 02 / 50 mTorr / 1500 W /
0 W 94.914.914.924.910.11H2 / 50 mTorr / 1000 W / 0 W + 02 / 50 mTorr /
1500 W / 0 W 104.964.954.944.950.1502 / 50 mTorr / 1500 W / 0 W 



CB4.824.814.814.81-NiSi 114.984.984.994.980.1702/ 50 mTorr / 1500 W / 100 W
125.025.015.025.020.21H2 / 100 mTorr / 500 W / 0 W + 02/ 50 mTorr / 1500 W
/ 0 W 134.974.984.974.970.16H2 / 100 mTorr / 1000 W / 0 W + 02 / 50 mTorr /
1500 W / O W 145.835.825.835.831.02CO / 25 mTorr / 500 W / 300 W
TSMC2002-0426 12 100261 Referring to Table 1, test CA and CB were control
tests to determine the  average sheet resistance (Ave. Rs) of a NiSi layer
22 (i.e., pre-etching state), which will  be used for comparisons for tests
1-10. and 11-14. The average sheet resistance (Ave. Rs)  in test CA and CB
were almost same: 4.79 - 4.82 ohms/square. In test 1, an H2 plasma
treatment was performed at a pressure of 50 mTorr, a source power of 1000
W, and a bias  power of 100 W. The average sheet resistance in test 1 was
5.00 ohms/square, which is  0.21 ohms/square greater than the control
resistance CA (4.80 ohms/square). In tests 2-6,  H2 plasma treatments were
performed using different pressures, source powers, and bias  powers, the
results of which are shown in Table 1. Note that the best test results in
Table  1 are tests 5 and 6, having sheet resistance changes (Delta Rs) of
0.06 ohms/square and  0.09 ohms/square, respectively. In tests 7-9, an H2
plasma treatment and a dry etch using  02 ( was performed for each test
using different testing parameters, to evaluate the  performance of H2
passivation process from oxidation resistance improvement point of  view.
Test 10 was performed without an H2 plasma treatment and with an 02 dry
etch.  The 02 dry etch in test 10 was performed under the same dry etching
conditions as in  



tests 7-9. Thus, tests 7-9 can be compared to test 10 to see the effects of
using the H2  plasma treatment when a dry etch using 02-containing
chemistries is performed to  remove the etch stop layer 26 covering the
NiSi layer 22 (see e.g., FIGs. 3 and 4). 100271 In test 11, an 02 dry etch
without an H2 plasma treatment was performed.  Test 12 is the same as test
8, and test 13 is the same as test 9, except that the pressure for  the H2
plasma treatment was increased, and the increased pressure did not further
decrease the change in sheet resistance (Delta Rs) (in comparison to test
9). In test 14 a  CO dry etch without an H2 plasma treatment was performed.
Test 14 shows that CO dry TSMC2002-0426 13 etching causes much greater
nickel consumption than 02 dry etching. It should be noted also that the
tests revealed to the inventors that an 02 dry etch increases sheet
resistance of the NiSi layer 22 more than a wet clean process (e.g.,
H[err]O[err]/H[err]SO[err]). [00281 Therefore, based at least in part on
the test results shown in Table 1, the  inventors determined that H2 plasma
treatment (passivation) of the first embodiment  preferably should be
performed under the following conditions: an H2 flow rate of about 20-400
standard cubic centimeters per minute (sccm), a pressure of about 1 mTorr
to  about I Torr, a dual power source, a source power of about 250-2500 W,
a bias power of  about 0-500 W, and a treatment time of about 5 to 300
seconds. A preferred range of  source power for H2 plasma treatment of the
first embodiment is about 500-1500 W. A  preferred range of bias power for
H2 plasma treatment of the first embodiment is about 0- 200 W. The
conditions of test 5 in Table 1 provide a preferred set of conditions for
the  first embodiment calling for a pressure of about 50 mTorr, a source
power of about 1000  W, and no bias power (0 W). In a preferred use of the
first embodiment incorporating the  



H2 plasma treatment, the following parameters may be used: dual power
plasma source;  source power of about 1000 W; bias power of about 150 W; a
low pressure of about 25 mTorr; treatment time of about 30 seconds; and a
temperature of about 50-60 C. [00291 Although a high temperature H2
reducing environment may be used in place  of an H2 plasma treatment in
other embodiments to provide metal/silicon hydride bonds  at the NiSi
layer, H2 plasma treatment is more preferable because a high temperature H2
reducing environment process will have limited performance as it will only
treat the top  surface of the material. Whereas, a well controlled H2
plasma treatment will penetrate to TSMC2002-0426 14 a suitable depth into
the NiSi layer and without such high temperatures, which may cause other
problems. [0030] In a second embodiment of the present invention,
hydrogen-containing etch  chemistries are used to reduce undesirable
oxidation and/or fluoridation of a silicide layer  22 (e.g., NiSi) while
removing an etch stop layer 26. A typical etch stop removal process  is
show in FIGs. 3 and 4 (i.e., occurring between FIGs. 3 and 4), in which the
second  embodiment may be incorporated to improve the resulting silicide
layer 22. [0031] The inventors performed a second phase of testing to
evaluate different  conditions of using the second embodiment (i.e.,
hydrogen-containing etch chemistries to  reduce oxidation). As in the first
phase of testing (see Table 1), changes in or differences  in sheet
resistance (Delta Rs) for the blanket suicide layer 22 are again used to
compare  and evaluate the test results in the second phase of testing. .
Also, because NiSi is a  preferred composition for the silicide layer 22,
NiSi layers were evaluated in the second  phase of testing as well. 



[0032] The following test data in Table 2 shows the test results from the
second phase  of testing, with a focus on incorporating hydrogen gas into
the etch chemistries for  etching the etch stop layer 26 under different
conditions. The primary variables changed  in these tests of Table 2 were
etch chemistry and bias power. TSMC2002-0426 15 Table 2 TestRs
(ohms/square)Ave.DeltaTesting conditions RsRs cc4.724.724.734.72--NiSi
154.884.884.884.880.16CH2F2 / H2 / Ar + 02 / 50 mTorr / 1500 W / 0 W
164.874.874.864.870.15CH2F2 / Ar + 02 / 50 mTorr / 1500 W / O W
174.744.734.734.730.01CF4 / H2 / Ar / without bias power + O2 / 50 mTorr /
1500 W / 0 W 184.744.734.724.730.01CF4 / Ar / without bias power + 02 / 50
mTorr / 1500 W / 0 W CD4.664.654.654.65--NiSi 194.724.704.704.710.06CF4 /
H2 / Ar / with bias power + 02/50mTorr/1500W/OW 204.824.824.824.820.17CF4 /
Ar / with bias power + 02/ 50mTorr/1500W/OW CE4.744.734.734.73-NiSi 



215.065.065.065.060.33CH2F2 / 02 / Ar + 02/50mTorr/1500W/OW
CF4.714.714.714.71--NiSi 225.745.745.745.741.03CH2F2 / 02 / CO / Ar + 02 /
50 mTorr / 1500 W / O W [0033] Referring to Table 2, test Cc was a control
test to determine the average sheet  resistance (Ave. Rs) of a NiSi layer
22, which will be used for comparisons for tests 15- 18. The average sheet
resistance (Ave. RS) in test Cc was 4.72 ohms/square. In test 15,  an etch
was performed on the etch stop layer 26 using an etch chemistry mixture
including a combination of CH2F2, H2, and Ar gases without bias power, then
followed TSMC2002-0426 16 by an 02 dry etch at a pressure of about 50
mTorr, a source power of about 1500 W, and no bias power (0 W). The average
sheet resistance (Ave. Rs) in test 15 was 4.88 ohms/square, which is 0.16
ohms/square greater than the control resistance Cc (4.72 ohms/square).
However, in test 15, these testing conditions did not result in etching of
the etch stop layer and rather only resulted in a polymer deposition. In
tests 16-18, using  different etch chemistry mixtures and without bias
power, like test 15, the change in sheet  resistance (Delta Rs) results
were good (e.g., 0.01 ohms/square), but again these testing  conditions did
not result in etching of the etch stop layer, but rather only polymer
deposition. [00341 Control test CD was used as a reference point for tests
19 and 20. Because the  sheet resistance changes (Delta Rs) in tests 17 and
18 were so favorable (0.01  ohms/square), these same etch chemistries were
tested in tests 19 and 20, respectively,  



but with the use of bias power. The results of tests 19 and 20 were
favorable because  instead of just polymer deposition (as in tests 15-18),
etching occurred at a rate of about  360 A per minute. Note that the change
in sheet resistance (Delta Rs) for test 19, where  etching occurred, is
only 0.06 ohms/square, which is very good. Thus, based on these  test
results shown in Table 2, it appears that some bias power is needed for the
hydrogen- containing etch chemistry etching process to accelerate the gas
particles sufficiently to  cause etching, as opposed to just having polymer
deposition. [0035] Control tests CE and CF were each used as reference
points for tests 21 and 22,  respectively. In tests 21 and 22, other
hydrogen-containing etch chemistries were tested  with bias power: a
mixture-of CH2F2, 02, and Ar gases; and a mixture of CH2F2, 02i CO,  and Ar
gases. The etch rate for the chemistries tested in tests 21 and 22 was
about 400 TSMC2002-0426 17 500 ,/min, which is faster than that of tests 19
and 20. However, the sheet resistance  changes for tests 21 and 22 were
significantly higher than those of test 19. Thus, the etch  chemistry
mixture in test 19 with bias power used provided the best (i.e., least)
sheet  resistance change (Delta Rs) for tests 19-22. [00361 Therefore,
corresponding to test 19, a preferred hydrogen-containing etch  chemistry
method for the second embodiment includes the use of the following mixing
gas: a flow of about 5-30 sccm of fluorocarbon gas (e.g., CF[err]), a flow
of about 20-400  sccm of reductant gas (e.g., H2), and a flow of about
50-500 seem of diluting gas (e.g.,  inert gas, such as Ar). Other preferred
conditions of the second embodiment include: a  dual power source for the
etching, a source power of about 500-1500 W, a bias power of  about 50-500
W, and a pressure of about 1 mTorr to about 1 Torr. Based on the test  



results shown in Table 2, it appears that the conditions of test 19 provide
one of the  preferred uses of the second embodiment. [00371 A potential
result that should be taken into account when using the second  embodiment
(hydrogen-containing etch chemistry) is the possibility that the nickel may
be driven into the silicon substrate 24 by the hydrogen in the etch
chemistry, which may  provide an undesirable resulting structure. When
hydrogen gas (H2) is incorporated into  the etch chemistry mixture, the
hydrogen can induce or cause the nickel to penetrate  deeper into the
silicon, as shown in FIGs. 8A and 8B. In the example shown in FIGs. 8A  and
8B, the etch chemistry mixture of test 19 in Table 2 was used. FIG. 8A
shows an  NiSi layer 22 on a polysilicon layer 24 (i.e., part of the
substrate 24) after the etch stop  layer 26 has been removed at the opening
34 using the second embodiment of the present  invention. Note that FIG. 8A
corresponds to an enlarged view of a portion of FIG. 4 (i.e., TSMC2002-0426
18 the same portion shown in FIG. 5 after different etching conditions). If
the etch is carried  out beyond the removal of the etch stop layer 26,
i.e., if the etch chemistries bombard  exposed portions of the NiSi layer
22 after the etch stop layer 26 is removed, then the  hydrogen begins to
drive the nickel deeper into the substrate 24. If the etch is carried out
too long after the removal of the etch stop layer 26 (i.e., aft er the
exposure of the NiSi  layer 22 to the etch chemistries), the resulting
structure may be as shown in FIG. 8B. In  FIG. 8B, the top portion at the
surface is now a silicon hydride layer 28 (mostly silicon  because the
hydrogen has driven the nickel deeper leaving silicon). Just below the
silicon  layer 28 is the desired NiSi layer 22 and a layer of NiSiH[err]
40. Hence, the hydrogen has  penetrated through the NiSi layer 22 to form a
NiSiH[err] layer 40, and has dragged some of  



the nickel along with it, which is what causes the nickel to be driven
deeper. And, below  the NiSiH,, layer 40 is the polysilicon layer 24 (i.e.,
the substrate 24). If a structure such  as that shown in FIG. 8B occurs,
the top silicon layer 38 may be removed with another  etch, such as an
argon sputter. The structure shown in FIG. 8B is not preferred because  the
resulting Si top layer 38 will likely have a relatively large contact
resistance if left  there and because the addition of another step (e.g.,
argon sputter) to remove the top Si  layer 38 is likely to be undesirable
for process efficiency and integration. Furthermore,  interface distortion
between NiSi and Si substrates may negatively affect the reliability of
the resulting device or circuit. . It is thus preferable to avoid this
situation where the  nickel is driven into the substrate 24 by precisely
controlling the etch time and etch  conditions so that the etch is stop as
soon as the etch stop layer 26 has been removed. [0038] In other
embodiments of the present invention, an H2 plasma treatment may  be
combined with a hydrogen-containing etch chemistry to provide minimal sheet
TSMC2002-0426 19 resistance change in the silicide layer 22 after removing
the etch stop layer 26. However,  such combination may not be preferred in
some cases if it is not better for process  integration. Hence, it will
often be more desirable, from a process integration  perspective, to
perform either an H2 plasma treatment (e.g., as in tests 5 and 6 of Table
1)  or a hydrogen-containing chemistry etch (e.g., as in test 19 of Table
2). For some  manufacturers, using a hydrogen-containing chemistry etch (as
in test 19 of Table 2) may  be preferred over an H2 plasma treatment
because the use of an H2 plasma treatment  process may be less favored and
thus its use minimized. [00391 The embodiments of the present invention may
also be applicable to other  



materials used for forming a silicide layer, including but not limited to:
palladium and  silicon compounds (e.g., PdSi, Pd[err]Si, PdSi[err]),
platinum and silicon compounds (e.g., PtSi,  Pt[err]Si, PtSi[err]), cobolt
and silicon compounds (e.g., CoSi[err]), other nickel and silicon
compounds (e.g., NiSi[err], Ni[err]Si), or any combination thereof, for
example. (00401 Although the present invention and its advantages have been
described in  detail, it should be understood that various changes,
substitutions and alterations can be  made herein without departing from
the spirit and scope of the invention as defined by  the appended claims.
Moreover, the scope of the present application is not intended to be
limited to the particular embodiments of the processes, machine,
manufacture,  composition of matter, means, methods and steps described in
the specification. As one  of ordinary skill in the art will readily
appreciate from the disclosure of the present  invention, processes,
machines, manufacture, compositions of matter, means, methods, or  steps,
presently existing or later to be developed, that perform substantially the
same  function or achieve substantially the same result as the
corresponding embodiments TSMC2002-0426 20 described herein may be utilized
according to the present invention. Accordingly, the  appended claims are
intended to include within their scope such processes, machines,
manufacture, compositions of matter, means, methods, or steps.
TSMC2002-0426 21 WHAT IS CLAIMED IS: 1. A method of manufacturing a
semiconductor device, comprising:  forming a nickel silicide layer on a
substrate; 



performing a reducing plasma treatment on the silicide layer;  forming a
dielectric layer over the silicide layer; and etching away a portion of the
dielectric layer to form an opening and to expose at  least a portion of
the silicide layer therebeneath. 2. The method of claim 1, wherein the
dielectric layer includes an etch stop layer. 3. The method of claim 1,
wherein the reducing plasma treatment is a hydrogen  plasma treatment. 4. A
method of manufacturing a semiconductor device, comprising:  forming a
nickel silicide layer on a substrate; performing a hydrogen plasma
treatment on the silicide layer;  forming an etch stop layer over the
silicide layer; forming a dielectric layer over the etch stop layer;
forming an opening in the dielectric layer; and etching away a portion of
the etch stop layer at the opening to expose at least a  portion of the
silicide layer therebeneath. 5. The method of claim 4, wherein a
substantial portion of the silicide layer has a  NiSi composition before
the etching step. 6. The method of claim 5, wherein the change in sheet
resistance for the exposed  silicide layer portion at the opening after the
etching step, as compared to before the  etching step, is not greater than
about 0.10 ohms/square. 7. The method of claim 4, wherein sheet resistance
through the silicide layer at the  opening is substantially unchanged after
the etching step. TSMC2002-0426 22 



8. The method of claim 4, wherein the performing hydrogen plasma treatment
step is  performed under the conditions of: a flow of hydrogen being
between about 20 standard cubic centimeters per minute  (sccm) and about
400 sccm, a dual power source being used, wherein: a source power is
between about 250 watts and about 2500 watts, and  a bias power is between
0 and about 500 watts, a pressure being between about I mTorr and I Torr,
and a treatment time being between about 5 seconds and about 300 seconds.
9. The method of claim 8, wherein the performing hydrogen plasma treatment
step is  performed under the conditions of: the source power being between
about 500 watts and about 1000 watts, and  the bias power being between 0
and about 200 watts. 10. The method of claim 8, wherein the performing
hydrogen plasma treatment step is  performed under the conditions of. the
source power being about 1000 watts,  the bias power being about 0 watts,
and  the pressure being about 50 mTorr. 11. The method of claim 8, wherein
the performing hydrogen plasma treatment step is  performed under the
conditions of: the source power being about 1000 watts,  the bias power
being about 150 watts,  the pressure being about 25 mTorr, the treatment
time being about 30 seconds, and 



a temperature being between about 50 C and about 60 C.. 12. The method of
claim 4, wherein the hydrogen plasma treatment step induces the  formation
of hydride bonds in the silicide layer, the hydride bonds being selected
from a  group consisting of metal hydride bonds and silicon hydride bonds.
TSMC2002-0426 23 13. The method of claim 4, wherein the etch chemistry
mixture used during the  etching step includes hydrogen gas. 14. - A method
of manufacturing a semiconductor device, comprising:  forming a nickel
silicide layer on a substrate; forming a dielectric layer over the silicide
layer;  forming an opening in the dielectric layer, and etching away a
portion of the dielectric layer to form an opening in the dielectric  layer
and to expose at least a portion of the silicide layer therebeneath using
an etch  chemistry mixture that includes hydrogen gas during at least part
of the etching. 15. A method of manufacturing a semiconductor device,
comprising:  forming a nickel silicide layer on a substrate; forming an
etch stop layer over the silicide layer;  forming a dielectric layer over
the etch stop layer;  forming an opening in the dielectric layer; and
etching away a portion of the etch stop layer at the opening to expose at
least a  portion of the silicide layer therebeneath using an etch chemistry
mixture that includes  hydrogen gas. 16. The method of claim 15, wherein a
substantial portion of the silicide layer has a  



NiSi composition before the etching step. 17. The method of claim 16,
wherein the change in sheet resistance for the exposed  silicide layer
portion at the opening after the etching step, as compared to before the
etching step, is not greater than about 0.10 ohms/square. 18. The method of
claim 15, wherein sheet resistance through the silicide layer at the
opening is substantially unchanged after the etching step. 19. The method
of claim 15, wherein the etch chemistry mixture includes: a flow of
fluorocarbon gas being between about 5 seem and about 30 sccm,
TSMC2002-0426 24 a flow of reductant gas being between about 20 sccm and
about 400 sccm, and and a flow of inert gas being between about 50 seem and
about 500 sccm, and  wherein the etching step is performed under the
conditions of a dual power source being used, wherein: a source power is
between about 500 watts and about 1500 watts, a bias power is between about
50 watts and about 500 watts,  a pressure being between about I mTorr and 1
Torr, and an etch time being between about 0 seconds and about 200 seconds.
20. The method of claim 15, wherein the etch chemistry mixture includes: a
flow of a first gas selected from a first group consisting of CF4,
CHF[err], C112F2,  and CH[err]F. 



a flow of a second gas selected from a second group consisting Of H2,
NI-13, and  N2 - H2 mixture, and a flow of a third gas selected from a
third group consisting of Ar, N2, and He.  21. The method of claim 15,
wherein the etch chemistry mixtures include: a flow of CF4 gas,  a flow of
H2 gas, a flow of Ar gas, and wherein the etching step includes a dry 02
etch performed under the conditions of. a source power being about 1500
watts,  no bias power, and a pressure being about 50 mTorr. 22. The method
of claim 15, further comprising: performing a hydrogen plasma treatment on
the silicide layer before the step of  forming the etch stop layer.
TSMC2002-0426 25 23. A method of manufacturing a semiconductor device,
comprising: forming a nickel silicide layer on a substrate, wherein a
substantial portion of the  suicide layer has a NiSi composition; forming
an etch stop layer over the silicide layer;  forming a dielectric layer
over the etch stop layer;  forming an opening in the dielectric layer, and
etching away a portion of the etch stop layer at the opening to expose at
least a  



portion of the silicide layer therebeneath, wherein the change in sheet
resistance for the  exposed silicide layer portion at the opening after the
etching step, as compared to before  the etching step, is not greater than
about 0.10 ohms/square. 24. The method of claim 23, further comprising:
performing a hydrogen plasma treatment on the silicide layer before the
step of forming the etch stop layer. 25. The method of claim 23, wherein an
etch chemistry mixture used for the etching  step includes
hydrogen-containing etching gas. TSMC2002-0426 


