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SEMICONDUCTOR DEVICE HAVING A FULLY
SILICIDED GATE ELECTRODE AND METHOD OF
MANUFACTURE THEREFOR

[0001] This application is a divisional of application Ser.
No. 10/808,168, filed Mar. 24, 2004.

TECHNICAL FIELD OF THE INVENTION

[0002] The present invention is directed, in general, to a
semiconductor device and, more specifically, to a semicon-
ductor device having a fully silicided gate electrode, a
method of manufacture therefor, and an integrated circuit
including the same.

BACKGROUND OF THE INVENTION

[0003] Metal gate electrodes are currently being investi-
gated to replace polysilicon gate electrodes in today’s ever
shrinking and changing transistor devices. One of the prin-
ciple reasons the industry is investigating replacing the
polysilicon gate electrodes with metal gate electrodes is in
order to solve problems of poly-depletion effects and boron
penetration for future CMOS devices. Traditionally, a poly-
silicon gate electrode with an overlying silicide was used for
the gate electrodes in CMOS devices. However, as device
feature size continues to shrink, poly depletion becomes a
serious issue when using polysilicon gate electrodes.

[0004] Accordingly, metal gates have been proposed.
However, in order to optimize the threshold voltage (V1) in
CMOS devices, the metal gates need dual tunable work
functions. For instance, the metal gates need tunable work
functions for NMOS and PMOS devices similar to present
polysilicon gate technology, requiring the work functions of
metal gates to range from 4.1~4.4 eV for NMOS and 4.8~5.1
eV for PMOS (see, B. Cheng, B. Maiti, S. Samayedam, J.
Grant, B. Taylor, P. Tobin, J. Mogab, IEEFE Intl. SOI Conf.
Proc., pp. 91-92, 2001).

[0005] Recently, silicided metal gates have been investi-
gated based on the extension of existing self-aligned silicide
(SALICIDE) technology. In this approach, polysilicon is
deposited over the gate dielectric. A metal is deposited over
the polysilicon and reacted to completely consume the
polysilicon resulting in a fully silicided metal gate, rather
than a deposited metal gate. The silicided metal gate pro-
vides a metal gate with the least perturbation to the conven-
tional process and avoids contamination issues. Further-
more, poly doping has been shown to affect the work
function of the silicided metal gates.

[0006] The silicided metal gates are not without their
problems. One of the more significant problems associated
with the silicided metal gates is attributed to the simulta-
neous formation of the silicided metal gate and the silicided
source/drain regions. When formed simultaneously, the
depth of the silicided source/drain regions is directly pro-
portional to the thickness of the polysilicon gate electrode.
As the polysilicon gate electrodes currently range in thick-
ness from about 60 nm to about 120 nm, the silicided
source/drain regions ultimately extend into the silicon sub-
strate by up to about 60 nm to about 120 nm, respectively.
Deep silicided source/drain regions are nonetheless undes-
ireable.

[0007] Various companies in the industry have attempted
to separate the silicidation of the polysilicon gate and the
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silicidation of the source/drain regions. Those companies
employ chemical mechanical polishing (CMP) technology
to separate the steps. In such integration schemes, the gate
electrode is masked by a silicon oxide layer and a silicide is
then formed on the source/drain regions. Next, a blanket
dielectric layer is deposited over the gate stack and silicided
source/drain regions. The CMP process is then employed to
expose the gate electrode for silicidation, while the source/
drain regions are covered by the protective dielectric layer.
The main drawback of this approach originates from the
across-wafer non-uniformity inherently associated with pol-
ishing (such as dishing, etc.). In addition, the poly height on
the active area may be different from the designed poly
height. As a result, the height of the poly gate after polishing
may suffer significant variation. Therefore, the silicidation
may be inconsistent across-wafer, and/or wafer-to-wafer due
to the thickness variation in poly-gate.

[0008] Accordingly, what is needed is a method for manu-
facturing silicided metal gate structures separate from the
silicided source/drain regions that does not experience the
drawbacks of the prior art methods.

SUMMARY OF THE INVENTION

[0009] To address the above-discussed deficiencies of the
prior art, the present invention provides a semiconductor
device, a method of manufacture therefor, and a method for
manufacturing an integrated circuit. The semiconductor
device, among other possible elements, includes a silicided
gate electrode located over a substrate, the silicided gate
electrode having gate sidewall spacers located on sidewalls
thereof. The semiconductor device further includes source/
drain regions located in the substrate proximate the silicided
gate electrode, and silicided source/drain regions located in
the source/drain regions and at least partially under the gate
sidewall spacers.

[0010] The present invention further includes a method for
manufacturing a semiconductor device. The method
includes forming a protective layer over a polysilicon gate
electrode located over a substrate to provide a capped
polysilicon gate electrode and then forming source/drain
regions in the substrate proximate the capped polysilicon
gate electrode. The method further includes removing the
protective layer using an etchant, siliciding the polysilicon
gate electrode to form a silicided gate electrode, and sili-
ciding the source/drain regions.

[0011] The foregoing has outlined preferred and alterna-
tive features of the present invention so that those skilled in
the art may better understand the detailed description of the
invention that follows. Additional features of the invention
will be described hereinafter that form the subject of the
claims of the invention. Those skilled in the art should
appreciate that they can readily use the disclosed conception
and specific embodiment as a basis for designing or modi-
fying other structures for carrying out the same purposes of
the present invention. Those skilled in the art should also
realize that such equivalent constructions do not depart from
the spirit and scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The invention is best understood from the follow-
ing detailed description when read with the accompanying
FIGUREs. It is emphasized that in accordance with the
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standard practice in the semiconductor industry, various
features are not drawn to scale. In fact, the dimensions of the
various features may be arbitrarily increased or reduced for
clarity of discussion. Reference is now made to the follow-
ing descriptions taken in conjunction with the accompanying
drawings, in which:

[0013] FIG. 1 illustrates a cross-sectional view of one
embodiment of a semiconductor device constructed accord-
ing to the principles of the present invention;

[0014] FIG. 2 illustrates a cross-sectional view of a par-
tially completed semiconductor device manufactured in
accordance with the principles of the present invention;

[0015] FIG. 3 illustrates a cross-sectional view of the
partially completed semiconductor device illustrated in FIG.
2 after formation of a portion of gate sidewall spacers;

[0016] FIG. 4 illustrates a cross-sectional view of the
partially completed semiconductor device illustrated in FIG.
3 after formation of lightly doped extension implants within
the substrate;

[0017] FIG. 5 illustrates a cross-sectional view of the
partially completed semiconductor device illustrated in FIG.
4 after forming the remaining portions of the gate sidewall
spacers;

[0018] FIG. 6 illustrates a cross-sectional view of the
partially completed semiconductor device illustrated in FIG.
5 after etching the cap oxide from the top of the substrate and
top of the protective layer, as well as after formation of
highly doped source/drain implants within the substrate;

[0019] FIG. 7 illustrates a cross-sectional view of the
partially completed semiconductor device illustrated in FIG.
6 after subjecting the semiconductor device to a standard
source/drain anneal, thereby activating source/drain regions;

[0020] FIG. 8 illustrates a cross-sectional view of the
partially completed semiconductor device illustrated in FIG.
7 after removing the protective layer from over the poly-
silicon gate electrode to form an opening;

[0021] FIG. 9 illustrates a cross-sectional view of the
partially completed semiconductor device illustrated in FIG.
8 after converting the polysilicon gate electrode to a sili-
cided gate electrode;

[0022] FIG. 10 illustrates a cross-sectional view of the
partially completed semiconductor device illustrated in FIG.
9 after removing the silicide blocking layers;

[0023] FIG. 11 illustrates a cross-sectional view of the
partially completed semiconductor device illustrated in FIG.
10 after depositing a source/drain silicidation layer over the
entire surface of the partially completed semiconductor
device;

[0024] FIG. 12 illustrates a cross-sectional view of the
partially completed semiconductor device illustrated in FIG.
11 after subjecting it to a second RTA process and wet etch;

[0025] FIG. 13 illustrates a cross-sectional view of an
embodiment of the present invention wherein the method of
manufacturing semiconductor devices as discussed with
respect to FIGS. 2-12 is applied to fabricate a high perfor-
mance stacked capacitor; and
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[0026] FIG. 14 illustrates an exemplary cross-sectional
view of an integrated circuit (IC) incorporating devices
constructed according to the principles of the present inven-
tion.

DETAILED DESCRIPTION

[0027] Referring initially to FIG. 1, illustrated is a cross-
sectional view of one embodiment of a semiconductor
device 100 constructed according to the principles of the
present invention. In the embodiment illustrated in FIG. 1,
the semiconductor device 100 includes a substrate 110.
Located within the substrate 110 in the embodiment of FIG.
1 is a well region 120. Additionally located over the sub-
strate 110 and well region 120 is a gate structure 130.

[0028] The gate structure 130 illustrated in FIG. 1 includes
a gate oxide 140 located over the substrate 110, as well as
a fully silicided gate electrode 150 located over the gate
oxide 140. The silicided gate electrode 150 may have a
variety of thicknesses, nonetheless, a thickness ranging from
about 50 nm to about 150 nm is exemplary. The silicided
gate electrode 150, when constructed in accordance with the
principles of the present invention, may comprise a number
of different materials. For instance, in the illustrative
embodiment shown in FIG. 1 the silicided gate electrode 150
comprises nickel, however, it is envisioned that the silicided
gate electrode 150 could comprise cobalt, platinum, tita-
nium, tantalum, molybdenum, tungsten, etc., while staying
within the scope of the present invention.

[0029] The silicided gate electrode 150 may also include
a dopant or combination of several types of dopants therein.
The dopant, such as boron, phosphorous, arsenic or another
similar dopant based on whether the semiconductor device
100 is operating as a PMOS device or an NMOS device, is
configured to tune the minimum energy required to bring an
electron from the Fermi level to the vacuum level, or the so
called work function.

[0030] The gate structure 130 further contains gate side-
wall spacers 160 flanking both sides of the silicided gate
electrode 150 and gate oxide 140. The gate sidewall spacers
160 in the embodiment of FIG. 1 each include a number of
different layers. For instance the gate sidewall spacers 160,
among other layers, each include L-shaped nitride spacers
163 and sidewall oxides 168. In this particular embodiment
the L-shaped nitride spacers 163 comprise a unique nitride
layer that includes carbon. The carbon content may be
within a wide range, however, it is believed that a carbon
content ranging from about 5% to about 10% is advanta-
geous. The other layers, among other materials, could
include a collection of oxides and nitrides. The gate sidewall
spacers 160 may comprise many different types and num-
bers of layers while staying consistent with the principles of
the present invention.

[0031] The semiconductor device 100 illustrated in FIG. 1
additionally includes conventional source/drain regions 170
located within the substrate 110 and proximate the gate
oxide 140. Located within the source/drain regions 170 are
silicided source/drain contact regions 180. The silicided
source/drain contact regions 180 in this embodiment com-
prise nickel silicided source/drain contact regions 180.
Nonetheless, other silicidation materials could be used to
form the silicided source/drain regions 180 and remain
within the scope of the present invention. The silicided
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source/drain contact regions 180 may have a depth into the
source/drain regions 170 ranging from about 10 nm to about
30 nm, among others. Additionally, unique to the present
invention, the silicided source/drain contact regions 180
may be located from about 2 nm to about 10 nm under the
gate sidewall spacers 160. This unique feature is due at least
in part to the novel method used to form the semiconductor
device 100.

[0032] Turning now to FIGS. 2-12, illustrated are cross-
sectional views of detailed manufacturing steps instructing
how one might, in an advantageous embodiment, manufac-
ture a semiconductor device similar to the semiconductor
device 100 depicted in FIG. 1. FIG. 2 illustrates a cross-
sectional view of a partially completed semiconductor
device 200 manufactured in accordance with the principles
of the present invention. The partially completed semicon-
ductor device 200 of FIG. 2 includes a substrate 210. The
substrate 210 may, in an exemplary embodiment, be any
layer located in the partially completed semiconductor
device 200, including a wafer itself or a layer located above
the wafer (e.g., epitaxial layer). In the embodiment illus-
trated in FIG. 2, the substrate 210 is a P-type substrate;
however, one skilled in the art understands that the substrate
210 could be an N-type substrate without departing from the
scope of the present invention. In such a case, each of the
dopant types described throughout the remainder of this
document would be reversed. For clarity, no further refer-
ence to this opposite scheme will be discussed.

[0033] Located within the substrate 210 in the embodi-
ment shown in FIG. 2 is a well region 220. The well region
220, in light of the P-type semiconductor substrate 210,
would more than likely contain an N-type dopant. For
example, the well region 220 would likely be doped with an
N-type dopant dose ranging from about 1E13 atoms/cm? to
about 1E14 atoms/cm? and at a energy ranging from about
100 keV to about 500 keV. This results in the well region 220
having a peak dopant concentration ranging from about
5E17 atoms/cm® to about 1E19 atoms/cm’.

[0034] Located over the substrate 210 in the embodiment
of FIG. 2 is a gate structure 230. The gate structure 230
includes a gate oxide 240 and a polysilicon gate electrode
250. The gate oxide 240 may comprise a number of different
materials and stay within the scope of the present invention.
For example, the gate oxide 240 may comprise silicon
dioxide, or in an alternative embodiment comprise a high
dielectric constant (K) material. In the illustrative embodi-
ment of FIG. 2, however, the gate oxide 240 is a silicon
dioxide layer having a thickness ranging from about 0.5 nm
to about 5 nm.

[0035] Any one of a plurality of manufacturing techniques
could be used to form the gate oxide 240. For example, the
gate oxide 240 may be either grown or deposited. Addition-
ally, the growth or deposition steps may require a significant
number of different temperatures, pressures, gasses, flow
rates, etc.

[0036] While the advantageous embodiment of FIG. 2
dictates that the polysilicon gate electrode 250 comprise
standard polysilicon, other embodiments exist where the
polysilicon gate electrode, or at least a portion thereof,
comprises amorphous polysilicon. The amorphous polysili-
con embodiment may be particularly useful when a substan-
tially planar upper surface of the polysilicon gate electrode
250 is desired.

Mar. 22, 2007

[0037] The deposition conditions for the polysilicon gate
electrode 250 may vary, however, if the polysilicon gate
electrode 250 were to comprise standard polysilicon, such as
the instance in FIG. 2, the polysilicon gate electrode 250
could be deposited using a pressure ranging from about 100
torr to about 300 torr, a temperature ranging from about
62000C to about 7001C, and a SiH, or Si,Hy gas flow
ranging from about 50 sccm to about 150 scem. If, however,
amorphous polysilicon were desired, the amorphous poly-
silicon gate electrode could be deposited using a pressure
ranging from about 100 torr to about 300 torr, a temperature
ranging from about 4501C to about 5501C, and a SiH, or
Si,Hy gas flow ranging from about 100 sccm to about 300
sccm. In any instance, the polysilicon gate electrode 250
desirably has a thickness ranging from about 50 nm to about
150 nm.

[0038] The partially completed semiconductor device 200
illustrated in FIG. 2 further includes a protective layer 260
located over the polysilicon gate electrode 250, resulting in
a capped polysilicon gate electrode. The protective layer
260, which may comprise silicon nitride among other mate-
rials, may have a thickness ranging from about 5 nm to about
50 nm. It is desirable for the protective layer 260 to have a
thickness small enough to allow a dopant to easily penetrate
therethrough, however, large enough to provide the suffi-
cient amount of protection to the polysilicon gate electrode
250.

[0039] Optionally located over the protective layer 260 is
a silicon dioxide layer 270. The optional silicon dioxide
layer 270 is designed to help pattern the gate oxide 240,
polysilicon gate electrode 250 and protective layer 260. With
that said, those skilled in the art understand that the gate
oxide 240, polysilicon gate electrode 250, protective layer
260 and optional silicon dioxide layer 270 were originally
blanket deposited. Those blanket layers were subsequently
patterned resulting in the gate oxide 240, polysilicon gate
electrode 250, protective layer 260 and optional silicon
dioxide layer 270 illustrated in FIG. 2. In one embodiment,
the polysilicon gate electrode 250 and protective layer 260
are formed using a chemical vapor deposition (CVD) tech-
nique.

[0040] Turning briefly to FIG. 3 illustrated is a cross-
sectional view of the partially completed semiconductor
device 200 illustrated in FIG. 2 after formation of portions
of gate sidewall spacers 310. The portions of the gate
sidewall spacers 310 shown in FIG. 3 include an oxide layer
320 and an offset nitride spacer 330. The oxide layer 320, as
compared to similar layers used in the prior art, is formed at
least partially using a deposition process. In an exemplary
process the oxide layer 320 is initially formed using a first
deposition process, and then finished using a second oxida-
tion process. The first deposition process allows the oxide
layer 320 to form on the top and sidewalls of the protective
layer 260. In an alternative embodiment the entire oxide
layer 320 is deposited.

[0041] The offset nitride spacer 330 may comprise a
standard silicon nitride spacer or a silicon nitride layer
having carbon therein. If the offset nitride spacer 330 were
to contain the carbon, the carbon might form from about 5%
to about 10% of the layer. While the oxide layer 320 and the
offset nitride spacer 330 are shown located only along the
sides of the gate structure 230, those skilled in the art are
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aware that the layers were previously blanket formed and
subsequently anisotropically etched to form the oxide layer
320 and the offset nitride spacer 330.

[0042] Turning now to FIG. 4, illustrated is a cross-
sectional view of the partially completed semiconductor
device 200 illustrated in FIG. 3 after formation of lightly
doped extension implants 410 within the substrate 210. The
lightly doped extension implants 410 are conventionally
formed and generally have a peak dopant concentration
ranging from about 1E19 atoms/cm® to about 2E20 atoms/
cm®. As is standard in the industry, the lightly doped
extension implants 410 have a dopant type opposite to that
of the well region 220 they are located within. Accordingly,
the lightly doped extension implants 410 are doped with a
P-type dopant in the illustrative embodiment shown in FIG.

[0043] Turning now to FIG. 5, illustrated is a cross-
sectional view of the partially completed semiconductor
device 200 illustrated in FIG. 4 after forming the remaining
portions of the gate sidewall spacers 310. Particularly, a cap
oxide 510, L-shaped nitride spacers 520 and sidewall oxides
530 complete the gate sidewall spacers 310. The cap oxide
510, among other purposes, has the job of preventing the
L-shaped nitride spacers 520 from directly contacting the
substrate 210. Most likely, the cap oxide 510 will be
deposited over the partially completed semiconductor
device 200 using a process similar to that used to form the
oxide layer 320.

[0044] The L-shaped nitride spacers 520 may comprise
any type of nitride, however, in an exemplary embodiment
the L-shaped nitride spacers 520 comprise a nitride material
that includes carbon. The carbon content, which may range
from about 5% to about 10% of the L.-shaped nitride spacers
520, is included within the [-shaped nitride spacers 520 to
change the rate at which they etch. In the embodiment where
the L-shaped nitride spacers 520 include carbon, the
L-shaped nitride spacers 520 may be deposited using bis
t-butylaminosilane (BTBAS) and ammonia (NH;) precur-
sors in a CVD reactor. Advantageously, the carbon causes
the L-shaped nitride spacers 520 to etch at a slower rate than
a traditional nitride layer. In an exemplary situation, after
having been annealed using a temperature ranging from
about 10000C to about 11000C, the carbon causes the
L-shaped nitride spacers 520 to have an etch selectivity of
about 50:1 when compared to the traditional nitride layer.

[0045] The sidewall oxides 530 that are located over the
L-shaped nitride spacers 520 are conventional. In the given
embodiment of FIG. 5, the sidewall oxides 530 were blanket
deposited and then subjected to an anisotropic etch. The
resulting sidewall oxides 530 complete the gate sidewall
spacers 310 illustrated in the embodiment of FIG. 5.

[0046] Turning now to FIG. 6, illustrated is a cross-
sectional view of the partially completed semiconductor
device 200 illustrated in FIG. 5 after etching the cap oxide
510 from the top of the substrate 210 and top of the
protective layer 260, as well as after formation of highly
doped source/drain implants 610 within the substrate 210.
Those skilled in the art understand the conventional pro-
cesses that could be used to etch the cap oxide 510.

[0047] The formation of the highly doped source/drain
implants 610 is also conventional. Generally the highly
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doped source/drain implants 610 have a peak dopant con-
centration ranging from about 1E18 atoms/cm® to about
1E21 atoms/cm®. Also, the highly doped source/drain
implants 610 should typically have a dopant type opposite to
that of the well region 220 they are located within. Accord-
ingly, in the illustrative embodiment shown in FIG. 6, the
highly doped source/drain implants 610 are doped with a
P-type dopant.

[0048] Turning now to FIG. 7, illustrated is a cross-
sectional view of the partially completed semiconductor
device 200 illustrated in FIG. 6 after subjecting the semi-
conductor device 200 to a standard source/drain anneal,
thereby activating source/drain regions 710. It is believed
that a source/drain anneal conducted at a temperature rang-
ing from about 1000JC to about 11001C and a time period
ranging from about 1 second to about 5 seconds would be
sufficient. It should be noted that other temperatures, times,
and processes could be used to activate the source/drain
regions 710.

[0049] Additionally illustrated in FIG. 7 is the formation
of silicide blocking layers 720 over the exposed portions of
the source/drain regions 710. The silicide blocking layers
720 are designed to protect the source/drain regions 710
from contacting a silicidation layer used in subsequent steps.
The silicide blocking layers 720, in an exemplary embodi-
ment, have a thickness ranging from about 2 nm to about 10
nm. Nevertheless, many thicknesses outside of the pre-
scribed range are within the scope of the present invention.

[0050] A number of different manufacturing techniques
could be used to manufacture the silicide blocking layers
720. While both techniques include one form or another of
a dry oxidation, one technique is a high temperature oxida-
tion and the other is a low temperature oxidation (e.g., a
plasma oxidation process). As one would expect, each
technique has its benefits and drawbacks. For instance, the
low temperature oxidation technique may be conducted at a
temperature ranging from about 200JC to about 6003C
and has the benefit of not changing the doping profile of the
source/drain regions 710. Unfortunately, the low tempera-
ture oxidation technique often involves oxygen radicals or
energetic ions that form a thin oxide layer on the protective
layer 260. Although the thickness of the oxide grown on the
protective layer 260 should be less than the thickness grown
on the source/drain regions 710, it must nonetheless subse-
quently be removed. At the same time a portion of the
silicide blocking layer 720 must remain on the source/drain
regions 710.

[0051] Alternatively, the higher temperature oxidation
technique may be conducted with a rapid thermal oxidation
(RTO) technique at a temperature ranging from about
9001C to about 1000JC and has the benefit of not forming
the thin layer of oxide on the protective layer 260. Unfor-
tunately, the higher temperature oxidation technique causes
the doping profiles of the source/drain regions 710 to move.
This can be accommodated in the transistor design, but it
must be addressed at some point. Nonetheless, while the low
and high oxidation techniques each have specific but differ-
ent benefits, it is currently believed that the low temperature
oxidation technique provides better results.

[0052] Turning now to FIG. 8, illustrated is a cross-
sectional view of the partially completed semiconductor
device 200 illustrated in FIG. 7 after removing the protective
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layer 260 from over the polysilicon gate electrode 250 to
form an opening 810. Unique to the present invention, the
etchant used to remove the protective layer 260 does not
substantially affect other structures or films. More specifi-
cally, the hot phosphoric acid etchant used to remove the
protective layer 260 does not affect the L-shaped nitride
spacer 520 and silicide blocking layer 720. Even though the
protective layer 260 and the L-shaped nitride spacer 520
both comprise silicon nitride, the carbon content of the
L-shaped nitride spacer 520 provides substantial protection
from the etchant.

[0053] Turning now to FIG. 9, illustrated is a cross-
sectional view of the partially completed semiconductor
device 200 illustrated in FIG. 8 after converting the poly-
silicon gate electrode 250 to a silicided gate electrode 910.
Those skilled in the art understand the steps that might occur
to form the silicided gate electrode 910. For instance, a
blanket layer of nickel may be formed over the polysilicon
gate electrode 250, the blanket layer of nickel being the
silicidizing agent for the polysilicon gate electrode 250. The
blanket layer of nickel and the polysilicon gate electrode 250
may then be subjected to a first rapid thermal anneal (RTA).

[0054] The first RTA is designed to convert the polysilicon
gate electrode 250 to the silicided gate electrode 910. The
annealing temperature depends on the silicide metal being
used. For example, it is believed that the first RTA may be
conducted at a temperature ranging from about 40001C to
about 6000JC and a time period ranging from about 10
second to about 100 seconds to accomplish the silicidation
when nickel is used. It should be noted that other tempera-
tures, times, and processes could be used.

[0055] 1In a preferred embodiment, the blanket layer of
nickel fully silicidizes the polysilicon gate electrode 250. As
it takes approximately 1 nm of nickel to fully silicidize
approximately 1.8 nm of polysilicon, the thickness of the
blanket layer of nickel should be at least 56% of the
thickness of the polysilicon gate electrode 250. To be
comfortable, however, it is suggested that the thickness of
the layer of nickel should be at least 60% of the thickness of
the polysilicon gate electrode 250. Thus, where the thickness
of the polysilicon gate electrode 250 ranges from about 50
nm to about 150 nm, as described above, the thickness of the
blanket layer of nickel should range from approximately 30
nm to about 90 nm. It should also be noted that the blanket
layer of silicidation material may comprise a number of
different metals or combinations of metals while staying
within the scope of the present invention. After fully sili-
cidizing the polysilicon gate electrode 250, any remaining
unreacted metal materials, which happens to be nickel in this
embodiment, may be removed. The silicide does not form on
the source/drain region 710 at this time because of the
silicide blocking layer 720.

[0056] Turning now to FIG. 10, illustrated is a cross-
sectional view of the partially completed semiconductor
device 200 illustrated in FIG. 9 after removing the silicide
blocking layers 720. In an exemplary embodiment a con-
ventional oxide etch could be used to remove these portions.
As illustrated, the conventional oxide etch etches into the
substrate 210. In the particular embodiment of FIG. 10, the
conventional oxide etch also etches under the gate sidewall
spacers 310.

[0057] Turning now to FIG. 11, illustrated is a cross-
sectional view of the partially completed semiconductor
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device 200 illustrated in FIG. 10 after depositing a source/
drain silicidation layer 1110 over the entire surface of the
partially completed semiconductor device 200. The source/
drain silicidation layer 1110 in the embodiment shown in
FIG. 11 happens to be a thin nickel layer, however, other
materials that react with silicon to form a silicide could
easily be used. The source/drain silicidation layer 1110 of
FIG. 11 was conventionally deposited to a thickness ranging
from about 4 nm to about 20 nm.

[0058] Turning now to FIG. 12, illustrated is a cross-
sectional view of the partially completed semiconductor
device 200 illustrated in FIG. 11 after subjecting it to a
second RTA process. This second RTA process attempts to
cause the source/drain silicidation layer 1110 to react with
the silicon of the source/drain regions 710 to form silicided
source/drain contact regions 1210. In the instance where the
source/drain silicidation layer 1110 comprises nickel, the
second RTA process causes the nickel to react with the
silicon to form a nickel silicide.

[0059] The second RTA process may be conducted using
a variety of different temperatures and times. Nonetheless, it
is believed that the second RTA process, in an exemplary
embodiment, should be conducted in a rapid thermal pro-
cessing tool at a temperature ranging from about 400JC to
about 6001C for a time period ranging from about 5
seconds to about 60 seconds. The specific temperature and
time period are typically based, however, on the ability to
form the silicided source/drain contact regions 1210 to a
desired depth, as well as the silicide materials selected.

[0060] After completing the silicided source/drain contact
regions 1210, the partially completed semiconductor device
200 is subjected to a selective removal process. For instance,
in one embodiment of the invention the device could be
subjected to an etch recipe consisting of sulfuric acid
(H,S0,), hydrogen peroxide (H,0,) and water (H,O). This
specific etch recipe has a high degree of selectivity and could
easily remove any remaining portions of the source/drain
silicidation layer 1110. Thereafter the manufacture of the
partially completed semiconductor device 200 would con-
tinue in a conventional manner, optimally resulting in a
device similar to the semiconductor device 100 illustrated in
FIG. 1.

[0061] Tt should be noted that the exact order of the steps
illustrated with respect to FIGS. 2-12 may change depending
on the process flow. Additionally, various other steps could
be added to the description of FIGS. 2-12. For instance, in
a different embodiment, a selective thin epitaxial silicon
layer may be deposited just prior to the formation of the
silicide blocking layers 720. One of the purposes of this step
is to provide a sacrificial silicon layer to compensate the
silicon consumed during the formation of the silicide block-
ing layers 720. This, in effect, would minimize the silicon
recess shown in FIG. 10. Other variations may also exist.

[0062] The method of manufacturing the semiconductor
device as discussed with respect to FIGS. 2-12 provides
many benefits over the prior art methods. First, and possibly
most important, it separates the formation of the silicided
gate electrode 910 and silicided source/drain contact regions
1210 into different steps. Advantageously, this allows the
depth of the silicided source/drain contact regions 1210 to be
independent of the thickness of the silicided gate electrode
910. The decoupling of the two steps is achieved by taking
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advantage of the chemical selectivity of thin films to certain
etch chemistries. Accordingly, CMP is not needed as it is in
the prior art methods capable of decoupling the steps. As
such, the method of the present invention is applicable to
devices having different step heights, whether by design or
process variation. The CMP technique of the prior art is not
capable of accepting such variations in step heights.

[0063] Turning briefly to FIG. 13, illustrated is a cross-
sectional view of an embodiment of the present invention
wherein the method of manufacturing semiconductor
devices as discussed with respect to FIGS. 2-12 is applied to
fabricate a high performance stacked capacitor 1310. Using
the process sequences described above, the first electrode (or
the bottom electrode) of the capacitor 1310 can be fully
silicided. Subsequently, the insulator over the first electrode
and the second electrode can be formed using conventional
methods. Due to the elimination of the poly depletion at the
interface between the first electrode and gate oxide by full
silicidation, the performance of the stacked capacitors is
enhanced. More details pertaining to the stacked capacitor
may be obtained from U.S. patent application Ser. No.
10/722,013, entitled “A CAPACITOR FORMED ON A
RECRYSTALIZED POLYSILICON LAYER AND A
METHOD OF MANUFACTURE THEREFOR” by Jiong-
Ping Lu, et al., which is incorporated herein by reference.

[0064] Referring finally to FIG. 14, illustrated is an exem-
plary cross-sectional view of an integrated circuit (IC) 1400
incorporating devices 1410 constructed according to the
principles of the present invention. The IC 1400 may include
devices, such as transistors used to form CMOS devices,
BiCMOS devices, Bipolar devices, as well as capacitors or
other types of devices. The IC 1400 may further include
passive devices, such as inductors or resistors, or it may also
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include optical devices or optoelectronic devices. Those
skilled in the art are familiar with these various types of
devices and their manufacture. In the particular embodiment
illustrated in FIG. 14, the IC 1400 includes the devices 1410
having dielectric layers 1420 located thereover. Addition-
ally, interconnect structures 1430 are located within the
dielectric layers 1420 to interconnect various devices, thus,
forming the operational integrated circuit 1400.

[0065] Although the present invention has been described
in detail, those skilled in the art should understand that they
can make various changes, substitutions and alterations
herein without departing from the spirit and scope of the
invention in its broadest form.

What is claimed is:
1. A semiconductor device, comprising:

a silicided gate electrode located over a substrate, said
silicided gate electrode having gate sidewall spacers
located on sidewalls thereof;

source/drain regions located in said substrate proximate
said silicided gate electrode; and

silicided source/drain regions located in said source/drain
regions and at least partially under said gate sidewall
spacers.

2. The semiconductor device as recited in claim 1 wherein
said silicided source/drain regions extend from about 2 nm
to about 10 nm under said gate sidewall spacers.

3. The semiconductor device as recited in claim 1 wherein
said silicided source/drain regions have a thickness ranging
from about 10 nm to about 30 nm.



