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METHOD OF FABRICATING SIO2 SPACERS AND 
ANNEALING CAPS 

FIELD OF THE INVENTION 

[0001] The present invention relates to complementary 
metal oxide semiconductor (CMOS) devices, and more 
particularly to metal oxide semiconductor ?eld effect tran 
sistors (MOSFETs) that include an oxide spacer to reduce 
parasitic capacitance and an annealing cap that prevents 
dopant loss in the gate material during an activation-anneal 
ing step. The present invention also provides methods of 
manufacturing the CMOS devices of the present invention. 

BACKGROUND OF THE INVENTION 

[0002] In the semiconductor industry thin, SiN spacers are 
typically used to implant source/drain extensions (SDE) and 
halos for CMOS devices. The use of SiO2 spacers is advan 
tageous compared to SiN spacers because the loWer dielec 
tric constant of SiO2 reduces the parasitic capacitance 
betWeen the gate and S/D regions. 

[0003] Annealing caps are used to protect the patterned 
gate stack, source/drain (S/D) and SDE regions from dopant 
loss during activation annealing. The utiliZation of a depos 
ited oxide material as the annealing cap is advantageous 
since loW energy implantation can be performed through the 
bare Si substrate. After the implant, a loW temperature SiO2 
?lm may be deposited over the entire Wafer to prevent 
dopant loss during annealing. The SiO2 cap also serves as an 
etch stop for the thicker SiN spacer formation used to 
implant the S/D regions. As in the case of the thin SiO2 
spacer, the SiO2 annealing cap reduces the parasitic capaci 
tance betWeen the gate and S/D regions. Simulations have 
shoWn that sWitching from a nitride annealing cap to an 
oxide annealing cap improves the ring oscillation delay by 
as much as 5%. 

[0004] A major problem of integrating thin SiO2 spacers 
and/or SiO2 annealing caps into prior art processes is that 
any SiO2 that is exposed during the pre-silicide cleaning or 
other process steps may be excessively etched. In the case of 
the thin SiO2 spacer, excessive etching may cause the entire 
SiO2 spacer to be removed thus leaving Si substrate area 
exposed. This leads to gate to substrate shorting by silicide 
bridging. In the case of the SiO2 annealing cap, if the etching 
is excessive then the thick SiN spacers are undercut and may 
become completely detached rendering the device inoper 
able. This leads to silicide bridging since the spacers are 
present to prevent this from occurring. 

[0005] In vieW of the above, there is a continued need for 
developing a neW and improved method Wherein thin SiO2 
spacers and/or annealing caps can be integrated into a 
CMOS processing ?oW Without exhibiting any of the prob 
lems mentioned hereinabove. 

SUMMARY OF THE INVENTION 

[0006] One object of the present invention is to provide a 
method of forming a CMOS device in Which a thin SiO2 
spacer and/or annealing cap is employed. 

[0007] Another object of the present invention is to pro 
vide a method of forming a CMOS device in Which the thin 
SiO2 spacer and/or annealing cap is not aggressively 
attacked during the silicide pre-cleaning step or other pro 
cess. 
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[0008] These and other objects and advantages are 
achieved in the present invention by utiliZing a divot ?ll 
process Which overcomes the above-mentioned draWbacks 
in the prior art. In accordance With the present invention, the 
divot ?ll process provides a means for protecting the 
exposed surfaces of the thin SiO2 spacer and/or annealing 
cap such that those surfaces are not capable of being 
attacked by a subsequent silicide pre-cleaning or other 
process steps. 

[0009] Speci?cally, a ?rst method of the present invention, 
Which forms an SiO2 annealing cap, comprises the steps of: 

[0010] (a) forming an oxide ?lm on vertical and 
horiZontal surfaces of a semiconductor structure, 
said semiconductor structure comprises at least a 
semiconductor substrate having at least one pat 
terned gate stack region formed thereon; 

[0011] (b) forming thick spacers on portions of said 
oxide ?lm that are adjoining said at least one pat 
terned gate stack region, said thick spacers being 
composed of a dielectric material other than an 

oxide; 
[0012] (c) recessing said oxide ?lm so as to form at 

least a divot region betWeen said thick spacers and a 
top surface of said patterned gate stack region; and 

[0013] (d) forming a divot ?ll material in said divot 
region, said divot ?ll material being composed of a 
dielectric material other than an oxide. 

[0014] Note that in the ?rst method of the present inven 
tion, the oxide ?lm remaining in the structure after the 
recessing step is in the shape of the letter “L”. Hence, the 
oxide ?lm remaining in the structure after recessing is 
present on portions of the vertical sideWalls of the patterned 
gate stack region as Well as on a portion of the semicon 
ductor substrate. 

[0015] The ?rst method of the present invention provides 
a CMOS device Which comprises: 

[0016] a semiconductor structure having at least one 
patterned gate stack region formed thereon, said 
patterned gate stack region having vertical sideWalls; 

[0017] an oxide ?lm formed on portions of said 
vertical sideWalls of said at least one patterned gate 
stack region as Well as portions of said semiconduc 
tor substrate; 

[0018] thick spacers formed on said oxide ?lm, 
Wherein said thick spacers extend beyond edges of 
said oxide ?lm such that a divot region is present 
betWeen at least said thick spacers and a top surface 
of said patterned gate stack region; and 

[0019] a divot ?ll material present in said divot 
region. 

[0020] A second method of the present invention, Which 
forms a thin SiO2 spacer and/or annealing cap comprises the 
steps of: 

[0021] (a) forming an oxide ?lm on vertical and 
horiZontal surfaces of a semiconductor structure, 
said semiconductor structure comprises at least a 
semiconductor substrate having at least one pat 
terned gate stack region formed thereon; 
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[0022] (b) etching said oxide ?lm so as to remove 
said oxide ?ll from said horizontal surfaces of said 
structure; 

[0023] (c) forming thick spacers on portions of said 
oxide ?lm that are adjoining said at least one pat 
terned gate stack region, said thick spacers being 
composed of a dielectric material other than an 

oxide; 
[0024] (d) recessing said oxide ?lm so as to form at 

least a divot region betWeen said thick spacers and a 
top surface of said patterned gate stack region; and 

[0025] (e) forming a divot ?ll material in said divot 
region, said divot ?ll material being composed of a 
dielectric material other than an oxide. 

[0026] The second method of the present invention pro 
vides a CMOS device Which comprises: 

[0027] a semiconductor structure having at least one 
patterned gate stack region formed thereon, 

[0028] said patterned gate stack region having verti 
cal sideWalls; 

[0029] an oxide ?lm formed on portions of said 
vertical sideWalls of said at least one patterned gate 
stack region; 

[0030] thick spacers formed on said oxide ?lm and 
said semiconductor substrate, Wherein said thick 
spacers extend beyond edges of said oxide ?lm such 
that a divot region is present betWeen at least said 
thick spacers and a top surface of said patterned gate 
stack region; and 

[0031] a divot ?ll material present in said divot 
region. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] FIGS 1A-1F are pictorial representations (through 
cross-sectional vieWs) illustrating the inventive CMOS 
device through various processing steps employed in the 
?rst method of the present invention. 

[0033] FIGS. 2A-2G are pictorial representations (through 
cross-sectional vieWs) illustrating the inventive CMOS 
device through various processing steps employed in a 
second method of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0034] The present invention, Which relates to CMOS 
devices containing oxide spacers and/or annealing caps and 
methods of fabricating the same, Will noW be described in 
more detail by referring to the draWings that accompany the 
present application. It is noted that in the accompanying 
draWings, like and/or corresponding elements are referred to 
by like reference numerals. 

[0035] Reference is ?rst made to the embodiment depicted 
in FIGS. 1A-1F Which illustrate a ?rst method of the present 
invention Wherein an SiO2 annealing cap is formed. Spe 
ci?cally, FIG 1A illustrates an initial structure that is 
employed in the present invention. The initial structure 
shoWn in FIG. 1A comprises semiconductor substrate 10, 
patterned gate dielectric 12 formed on a portion of semi 
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conductor substrate 10, and patterned gate stack 14 formed 
atop patterned gate dielectric 12. It is noted that although the 
draWings depict the presence of only one patterned gate 
region (i.e., patterned gate dielectric and patterned gate 
stack) on the semiconductor substrate, the present invention 
Works in cases Wherein a plurality of patterned gate regions 
are present on the semiconductor substrate. 

[0036] The structure shoWn in FIG. 1A is comprised of 
conventional materials Well knoWn in the art and the illus 
trated structure is fabricated utiliZing processing steps that 
are also Well knoWn in the art. For example, semiconductor 
substrate 10 is comprised of a semiconductor material 
including, but not limited to: Si, Ge, SiGe, GaAs, InAs, InP 
and all other III/V semiconductor compounds. Semiconduc 
tor substrate 10 may also include a layered substrate com 
prising the same or different semiconductor material, e.g., 
Si/Si or Si/SiGe, as Well as a silicon-on-insulator (SOI) 
substrate. The substrate may be of the n- or p-type depending 
on the desired device to be fabricated. 

[0037] Additionally, semiconductor substrate 10 may con 
tain active device regions, Wiring regions, isolation regions 
or other like regions that are typically present in CMOS 
containing devices. For clarity, these regions are not shoWn 
in the draWings, but are nevertheless meant to be included 
Within region 10. In one highly preferred embodiment of the 
present invention, semiconductor substrate 10 is comprised 
of Si. 

[0038] Next, a layer of gate dielectric material such as an 
oxide, nitride, oxynitride or any combination and multilayer 
thereof is then formed on a surface of semiconductor sub 
strate 10 utiliZing a conventional process Well knoWn in the 
art. For example, the layer of gate dielectric material may be 
formed utiliZing a conventional deposition process such as 
chemical vapor deposition (CVD), plasma-assisted CVD, 
evaporation or chemical solution deposition, or alterna 
tively, the gate dielectric material may be formed by a 
thermal groWing process such as oxidation, nitridation or 
oxynitridation. It is noted that the gate dielectric material 
Will be subsequently patterned and etched into patterned 
gate dielectric 12 shoWn in FIG. 1A. 

[0039] The thickness of the layer of gate dielectric mate 
rial is not critical to the present invention, but typically, the 
gate dielectric material has a thickness of from about 1 to 
about 20 nm after deposition, With a thickness of from about 
1.5 to about 10 nm being more highly preferred. It is noted 
that the gate dielectric material employed in the present 
invention may be a conventional dielectric material such as 
SiO2 or Si3N4, or alternatively, high-k dielectrics such as 
oxides of Ta, Zr, Al or combinations thereof may be 
employed. In one highly preferred embodiment of the 
present invention, gate dielectric 12 is comprised of an oxide 
such as SiO2, ZrO2, Ta2O5 or A1203. 

[0040] After forming the gate dielectric material on the 
surface of semiconductor substrate 10, gate stack 14 Which 
includes at least a gate material is formed on the gate 
dielectric material. The term “gate material” as used herein 
denotes a conductive material, a material that can be made 
conductive via a subsequent process such as ion implanta 
tion, or any combination thereof. Illustrative examples of 
suitable gate materials include, but are not limited to: 
polysilicon, amorphous silicon, elemental metals that are 
conductive such as W, Pt, Pd, Ru, Rh and Ir, alloys of these 
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elemental metals, silicide or nitrides of these elemental 
metals and combinations thereof, e.g., a gate stack including 
a layer of polysilicon and a layer of conductive metal. A 
highly preferred gate material employed in the present 
invention is a gate material that is comprised of polysilicon 
or amorphous silicon. 

[0041] The gate material is formed on the surface of the 
gate dielectric material utiliZing a conventional deposition 
process including, but not limited to: CVD, plasma-assisted 
CVD, evaporation, plating or chemical solution deposition. 
When metal suicides are employed, a conventional silicide 
process may be used in forming the silicide layer. One such 
silicide process that can be used in the present invention 
includes the steps of: ?rst forming an elemental metal on the 
gate dielectric material, annealing the layers so as to form a 
metal silicide layer therefrom, and removing any unreacted 
elemental metal utiliZing a conventional Wet etch process 
that has a high selectivity for removing elemental metal as 
compared to silicide. 

[0042] When polysilicon is employed as the gate material, 
the polysilicon layer may be formed utiliZing an in-situ 
doping deposition process or by a conventional deposition 
process folloWed by ion implantation. Note that the ion 
implantation step may be formed immediately after deposi 
tion of the polysilicon layer, or in a later step of the present 
invention, i.e., after patterning of the gate stack. 

[0043] It is noted that in embodiments Wherein a gate 
stack including a layer of polysilicon and a layer of con 
ductive elemental metal is employed, an optional diffusion 
barrier (not shoWn in the draWings) may be formed betWeen 
each layer of the gate stack. The optional diffusion barrier, 
Which is formed utiliZing a conventional deposition process 
such as CVD or plasma-assisted CVD, is comprised of a 
material such as SiN, TaN, TaSiN, WN, TiN, and other like 
materials Which can prevent diffusion of a conductive mate 
rial therethrough. 

[0044] After forming the gate stack on the gate dielectric 
material, the gate stack and the gate dielectric are then 
patterned utiliZing conventional processing steps Well 
knoWn in the art Which are capable of forming the patterned 
structure shoWn in FIG. 1A. Speci?cally, the structure 
shoWn in FIG 1A is formed by lithography and etching. 

[0045] The lithography step includes the folloWing: apply 
ing a photoresist (not shoWn in the draWings) to the top 
surface of the gate stack, exposing the photoresist to a 
pattern of radiation and developing the pattern utiliZing a 
conventional resist developer solution. 

[0046] Etching is performed utiliZing a conventional dry 
etching process such as reactive-ion etching, plasma etching, 
ion beam etching, laser ablation or a combination thereof. 
The etching step may remove portions of the gate stack and 
the underlying gate dielectric material that are not protected 
by the patterned photoresist in a single step, or alternatively, 
multiple etching steps may be performed Wherein the 
exposed portions of the gate stack is ?rst removed stopping 
on a surface of the gate dielectric material, and thereafter the 
exposed portions of the gate dielectric are removed stopping 
on the surface of semiconductor substrate 10. FolloWing the 
etching process, the patterned photoresist is removed utiliZ 
ing a conventional stripping process Well knoWn in the art 
providing the structure shoWn, for example, in FIG 1A. 
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[0047] At this point of the present invention, source/drain 
extension and halo implants may be performed. Note in 
FIG. 1A, region 18 denotes the source/drain extension 
regions and region 20 denotes the halo implant region. In 
other embodiment of the present invention, the source/drain 
extension and halo implant implants may be formed after the 
structure shoWn in FIG. 1B is formed. 

[0048] Note that the deep source/drain diffusion regions 
(labeled as 16 in FIG. 1C) are formed utiliZing conventional 
processes (i.e., ion implantation and annealing) anytime 
after the structure shoWn in FIG 1C is formed, i.e., after 
thick spacers 24 are formed in the structure. 

[0049] In another embodiment of the present invention, 
the structure illustrated in FIG. 1A is subjected to a con 
ventional reoxidation process prior to proceeding to the next 
step of the present invention. 

[0050] FIG. 1B illustrates the structure after oxide ?lm 22 
is formed over the patterned gate stack structure of FIG. 1A. 
The oxide ?lm, Which is the annealing cap or thin inner 
spacer of the inventive structure, is formed utiliZing any 
conformal deposition process that is capable of depositing a 
?lm that folloWs the contour of the structure shoWn in FIG. 
1A. Speci?cally, CVD, plasma-assisted CVD, evaporation 
or chemical solution deposition may be employed in form 
ing oxide ?lm 22 on the structure. 

[0051] In one embodiment of the present invention, ?uo 
rine or nitrogen-containing dopants may be incorporated 
(via ion implantation or another conventional process) into 
oxide ?lm 22 so as to alter the dielectric constant of oxide 
?lm 22. A highly preferred oxide ?lm employed in the 
present invention is a ?lm that is comprised of SiO2, Which 
may or may not be doped With ?uorine or nitrogen. 

[0052] The thickness of oxide ?lm 22 is not critical to the 
present invention, but typically oxide ?lm 22 has a thickness 
of from about 2 A to about 40 nm, With a thickness of from 
about 5 to about 10 nm being more highly preferred. 

[0053] At this point of the present invention, an annealing 
step may be performed to activate the dopants, if implanted, 
and to possibly heal the implant damage. The activation 
annealing step is conducted utiliZing conditions Well knoWn 
in the art. For example, activation annealing at a temperature 
of about 900° C. or greater for a time period of about 30 
seconds or less may be employed at this point of the present 
invention. Additionally, the various implants steps men 
tioned hereinabove may also be performed at this point of 
the present invention. 

[0054] Next, thick spacers 24, Which may include a single 
spacer material or a combination of spacer materials, are 
formed on the oxide ?lm that abuts the patterned gate stack 
so as to provide the structure shoWn in FIG 1C. The thick 
spacers are formed of a dielectric material other than an 
oxide. Speci?cally, the thick spacers are comprised of a 
nitride, an oxynitride or combinations and multilayers 
thereof. 

[0055] The thick spacers are formed by a conventional 
deposition process such as CVD or plasma-assisted CVD, 
folloWed by etching. When the thick spacers are comprised 
of a combination of spacer materials, the spacer materials 
may be deposited sequentially folloWed by a single etching 
step, or alternatively, one spacer material is ?rst deposited 
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and etched, and thereafter a second spacer material is 
deposited and etched. This combination of spacer material 
deposition and etching may be repeated any number of 
times. The etching step used in forming thick spacers 24 is 
a highly anisotropic etching process Which is capable of 
removing the spacer material from atop the oxide layer that 
lays above the patterned gate stack. 

[0056] The term “thick spacers” is used herein to denote 
spacers that have a thickness of from about 2 to about 100 
nm, With a thickness of from about 20 to about 80 nm being 
more highly preferred. 

[0057] As stated above, and at this point of the present 
invention, the deep source/drain diffusion regions, may be 
formed by utiliZing conventional ion implantation and 
annealing processes Well knoWn in the art. 

[0058] After forming thick spacers 24, the structure shoWn 
in FIG. 1C is then subjected to an etching step Wherein 
oxide ?lm 22 is recessed beloW the uppermost horiZontal 
edge of thick spacers 24 providing the structure shoWn, for 
example, in FIG 1D. Speci?cally, an etching step is 
employed in the present invention so as to provide divot 
regions 26 Which exist betWeen the thick spacers 24 and 
patterned gate stack 14. Optionally, the recessing process 
may be conducted laterally providing divot region 26 
betWeen the thick spacers and semiconductor substrate 10. 
Note this recessing step converts oxide ?lm 22 into an 
L-shaped structures 23. 

[0059] The etching process used in forming divots 26 in 
the structure includes a Wet chemical etch process or a dry 
chemical etch process. When Wet etching is employed in the 
present invention in forming divots 26, a chemical etchant 
such as HF that has a high selectivity for removing portions 
of the oxide ?lm as compared With either the thick spacer 
material, the patterned gate stack and the semiconductor 
substrate is employed. 

[0060] When dry etching is employed in forming the 
divots, the dry etching process includes any dry etch process 
Which is also capable of selectively removing portions of the 
oxide ?lm as compared With either the thick spacer material, 
the patterned gate stack and the semiconductor substrate is 
employed. 

[0061] After recessing the oxide ?lm, divot ?ll material 28 
is formed by a conformal deposition process such as CVD 
or plasma-assisted CVD so as to provide the structure 
shoWn, for example, in FIG. 1E. The divot ?ll material 
includes a dielectric material other than an oxide, e.g., 
nitride, or oxynitride, that is not capable of being removed 
by a subsequent silicide precleaning or other processes 
Which folloW the processing steps of the present invention. 

[0062] The thickness of the divot ?ll material is not critical 
to the present invention, but typically the thickness of the 
divot ?ll material is from about 4 to about 80 nm With a 
thickness of from about 10 to about 20 nm being more 
highly preferred. 

[0063] The divot ?ll material is next etched back by 
utiliZing a spacer type etching process or a combination of 
isotropic and anisotropic etches that removes the divot ?ll 
material from horiZontal surfaces and possibly removes 
some of the divot ?ll material from the vertical surfaces so 
that the divot ?ll material is left completely or partially 
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covering the recessed oxide ?lm (both on the vertical and 
lateral portions). The etch back step results in the formation 
of the structure shoWn in FIG 1F. 

[0064] The silicidation process is performed after the 
structure illustrated in FIG IF is formed. Speci?cally, the 
silicidation process includes the steps of forming a refrac 
tory metal such as Co, Ni or Ti on the surface of semicon 
ductor substrate 10, annealing the refractory metal under 
conditions that are capable of converting the refractory 
metal layer into a metal silicide layer, and, if needed, 
removing any non-reactant refractory metal from the struc 
ture. 

[0065] In addition to silicidation, the present invention 
also contemplates other Well knoWn CMOS processing steps 
that are typically employed in the prior art. For example, the 
present invention also contemplates forming a metal contact 
to the metal silicide layer, and connecting the metal contact 
to an external contact. 

[0066] Reference Will noW be made to FIGS. 2A-2G 
Which illustrate a second method of the present invention 
Wherein an “I” shaped oxide ?lm is employed as an exten 
sion and halo spacer. Speci?cally, FIG. 2A shoWs an initial 
structure that is employed in the second method of the 
present application. The initial structure includes semicon 
ductor substrate 10, patterned gate dielectric 12 formed on 
a portion of semiconductor substrate 10, and patterned gate 
stack 14 formed atop patterned gate dielectric 12. 

[0067] Note that the initial structure shoWn in FIG. 2A is 
identical to the one shoWn in FIG. 1A therefore no further 
details concerning the initial structure is needed herein. That 
is, the detailed description concerning the various elements 
of the structure shoWn in FIG. 2A as Well as the processing 
steps used in forming the same are identical to that previ 
ously described in connection With FIG. 1A; therefore the 
above description regarding FIG. 1A is incorporated herein 
by reference. 

[0068] After forming the initial structure shoWn in FIG. 
2A, various ion implantation steps may be performed to 
implant source/drain extension regions and halo implant 
regions into the semiconductor substrate. Note that these 
implant regions are shoWn in FIG. 2A. Alternatively, the 
various implant steps may be postponed until after the 
structures shoWn in FIGS. 2B or 2C have been formed. The 
deep source/drain diffusion regions are again formed any 
time after spacers 24 are present on the structure, i.e., after 
the formation of the structure shoWn in FIG. 2D. 

[0069] FIG. 2B shoWs the structure that is obtained after 
oxide ?lm 22 is formed over the patterned gate region as 
Well as the exposed surface of semiconductor substrate 10. 
In some embodiments of the present invention, oxide ?lm 22 
may include dopant ions such as nitrogen or ?uorine incor 
porated therein via ion implantation so as to provide an 
oxide layer that has a modi?ed dielectric constant. In a 
highly preferred embodiment of the present invention, oxide 
?lm 22 is comprised of SiO2, Which may or may not include 
dopant ions incorporated therein. 

[0070] As mentioned previously herein, oxide ?lm 22 is 
formed by a conventional deposition processes such as CVD 
and plasma-assisted CVD Which are capable of forming a 
conformal oxide ?lm on the structure. The thickness of 
oxide ?lm 22 is not critical to the present invention, but 
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typically oxide ?lm 22 has a thickness of from about 2 to 
about 30 nm, With a thickness of from about 5 to about 15 
nm being more highly preferred. 

[0071] Following formation of the oxide ?lm on the 
structure, a spacer etch step is performed so as to provide the 
structure shoWn in FIG. 2C. Note that the spacer etch forms 
“I” shaped oxide ?lm 25 on the structure. Speci?cally, a 
spacer etching step is performed so as to convert oxide ?lm 
22 into “I” shaped spacers 25 Which are present on at least 
a portion of the vertical sideWalls of the patterned gate stack. 
Note that in FIG. 2C, the I-shaped oxide spacers are not 
present on the upper portion of the patterned gate stack. 

[0072] In accordance With the present invention, the 
I-shaped oxide spacers are formed by utiliZing an etching 
process that is highly anisotropic so that the dielectric ?lm 
is removed from all horiZontal surfaces, but still remains on 
substantially all the vertical surfaces. A conventional reac 
tive ion etching process or any other like dry etching process 
may be utiliZed in etching oxide ?lm 22 into I-shaped oxide 
spacers 25. 

[0073] Next, thick spacers 24, Which may be comprised of 
a single spacer material or a combination of spacer materi 
als, are formed on the structure such that the structure shoWn 
in FIG. 2D is formed. The thick spacers are comprised of a 
dielectric material, such as a nitride, or an oxynitride, Which 
is different from I-shaped oxide spacers 25. For example, 
When the thin spacers are comprised of SiO2, then the thick 
spacers are formed of a nitride (e.g., Si3N4) or oxynitride 
(e.g., SiON). Note that thick spacers 24 are formed utilizing 
the processing steps mentioned hereinabove, e.g., deposition 
and etching. 

[0074] At this point of the present invention, deep source/ 
drain diffusion regions 16 may be formed in the substrate 
(for either NFET, PFET or both) utiliZing conventional ion 
implantation and annealing processes Well knoWn to those 
skilled in the art. 

[0075] FIG. 2E shoWs the structure Wherein I-shaped 
oxide spacers 25 are recessed to a level beloW that of the 
thick spacers so as to form divot region 26 in the structure. 
The oxide spacer recessing step may be carried out by a Wet 
chemical etching process Which includes the use of a chemi 
cal etch such as HF that has a high selectivity for recessing 
oxide spacer 25 as compared With thick spacer 24. Note that 
the I-shaped spacers are recessed beloW the top most edge of 
the thick spacers. 

[0076] The recess may also be achieved by utiliZing a dry 
etching process that is capable of etching oxide spacer 25 but 
is selective to the gate stack material, the thick spacers and 
the semiconductor substrate. 

[0077] FIG. 2F shoWs the structure that is obtained after 
divot ?ll material 28 is formed on all exposed surfaces of the 
structure. The divot ?ll material includes the same material 
as mentioned previously in respect to the ?rst method of the 
present invention and it is formed utiliZing one of the above 
mentioned processing steps. 

[0078] FIG. 2G shoWs the structure that is obtained after 
the divot ?ll material has been subjected to the above 
mentioned etch back process. Speci?cally, the etch back 
process may include a spacer type etching process or a 
combination of isotropic etching and anisotropic etching that 
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removes some of the material from the vertical surfaces so 
that the divot ?ll material is left completely or partially 
covering oxide spacers 25. 

[0079] The silicidation process is performed after the 
structure illustrated in FIG. 2G is formed. Speci?cally, the 
silicidation process includes the steps of forming a refrac 
tory metal such as Co, Ni or Ti on the surface of semicon 
ductor substrate 10, annealing the refractory metal under 
conditions that are capable of converting the refractory 
metal layer into a metal silicide layer, and, if needed, 
removing any non-reactant refractory metal from the struc 
ture. 

[0080] In addition to silicidation, the present invention 
also contemplates other Well knoWn complementary oxide 
semiconductor (CMOS) processing steps that are typically 
employed in the prior art. For example, the present invention 
also contemplates forming a metal contact to the metal 
silicide layer, and connecting the metal contact to an external 
contact. 

[0081] While the present invention has been particularly 
shoWn and described With respect to preferred embodiments 
thereof, it Will be understood by those skilled in the art that 
the foregoing and other changes in forms and details may be 
made Without departing from the spirit and scope of the 
present invention. It is therefore intended that the present 
invention not be limited to the exact forms and details 
described and illustrated, but fall Within the scope of the 
appended claims. 

Having thus described our invention in detail, What We claim 
as neW and desire to secure by the letters PATENT is: 
1. A method of forming a complementary metal oxide 

semiconductor device comprising the steps of: 

(a) forming an oxide ?lm on vertical and horiZontal 
surfaces of a semiconductor structure, said semicon 
ductor structure comprises at least a semiconductor 
substrate having at least one patterned gate stack region 
formed thereon; 

(b) forming thick spacers on portions of said oxide ?lm 
that are adjoining said at least one patterned gate stack 
region, said thick spacers being composed of a dielec 
tric material other than an oxide; 

(c) recessing said oxide ?lm so as to form at least a divot 
region betWeen said thick spacers and a top surface of 
said patterned gate stack region; and 

(d) forming a divot ?ll material in said divot region, said 
divot ?ll material being composed of a dielectric mate 
rial other than an oxide. 

2. The method of claim 1 Wherein said oxide ?lm is 
formed by a conformal deposition process that folloWs the 
contour of said semiconductor structure. 

3. The method of claim 2 Wherein said conformal depo 
sition process comprises chemical vapor deposition, plasma 
assisted chemical vapor deposition, evaporation or chemical 
solution deposition. 

4. The method of claim 1 Wherein said patterned gate 
stack region is formed by lithography and etching. 

5. The method of claim 1 Wherein said thick spacers are 
formed by deposition and etching. 

6. The method of claim 5 Wherein said etching comprises 
an anisotropic etching process. 
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7. The method of claim 1 wherein step (c) converts said 
oxide ?lm into L-shaped spacers. 

8. The method of claim 1 Wherein step (c) comprises a 
chemical Wet etch process. 

9. The method of claim 8 Wherein said chemical Wet etch 
process comprises the use of as a chemical etchant. 

10. The method of claim 1 Wherein step (c) comprises a 
dry etching process selected from the group consisting of 
reactive-ion etching, plasma etching, ion beam etching and 
laser ablation. 

11. The method of claim 1 Wherein step (d) comprises 
deposition of a conformal layer of said divot ?ll material and 
etching back said conformal layer. 

12. The method of claim 11 Wherein said deposition 
comprises chemical vapor deposition or plasma-assisted 
chemical vapor deposition. 

13. The method of claim 11 Wherein said etching back 
comprises a spacer etching process or a combination of 
isotropic and anisotropic etching. 

14. The method of claim 1 Wherein said divot ?ll material 
is formed completely With said divot region. 

15. The method of claim 1 Wherein said divot ?lm 
material is form partially Within said divot region. 

16. A complementary metal oxide semiconductor 
(CMOS) device comprising: 

a semiconductor structure having at least one patterned 
gate stack region formed thereon, 

said patterned gate stack region having vertical sideWalls; 

an oxide ?lm formed on portions of said vertical sideWalls 
of said at least one patterned gate stack region as Well 
as portions of said semiconductor substrate; 

thick spacers formed on said oxide ?lm, Wherein said 
thick spacers extend beyond edges of said oxide ?lm 
such that a divot region is present betWeen at least said 
thick spacers and a top surface of said patterned gate 
stack region; and 

a divot ?ll material present in said divot region. 
17. The CMOS device of claim 16 Wherein said semi 

conductor substrate comprises Si, Ge, SiGe, GaAs, InAs, 
InP, Si/Si, Si/SiGe or silicon-on-insulators. 

18. The CMOS device of claim 16 Wherein said semi 
conductor substrate comprises Si. 

19. The CMOS device of claim 16 Wherein said patterned 
gate stack region comprises a patterned gate dielectric 
material and a patterned gate stack. 

20. The CMOS device of claim 19 Wherein said patterned 
gate dielectric is comprised of an oxide, a nitride, an 
oxynitride or any combination and multilayer thereof. 

21. The CMOS device of claim 19 Wherein said patterned 
gate dielectric is comprised of an oxide selected from the 
group consisting of SiO2, ZrO2, Ta2O5 and A1203. 

22. The CMOS device of claim 19 Wherein said gate stack 
includes at least a gate material. 

23. The CMOS device of claim 22 Wherein said gate 
material is selected from the group consisting of polysilicon, 
amorphous silicon, elemental metals that are conductive, 
alloys of elemental metals that are conductive, silicides or 
nitrides of elemental metals that are conductive and any 
combination thereof. 

24. The CMOS device of claim 22 Wherein said gate 
material is comprised of silicon or amorphous silicon. 
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25. The CMOS device of claim 16 Wherein said oxide ?lm 
is comprised of SiO2. 

26. The CMOS device of claim 16 Wherein said oxide ?lm 
is an L-shaped spacer. 

27. The CMOS device of claim 16 Wherein said thick 
spacers are comprised of a nitride, an oxynitride or any 
combinations or multilayers thereof. 

28. The CMOS device of claim 16 Wherein said divot ?ll 
material is comprised of a nitride or an oxynitride. 

29. A method of forming a CMOS device comprising the 
steps of: 

(a) forming an oxide ?lm on vertical and horiZontal 
surfaces of a semiconductor structure, said semicon 
ductor structure comprises at least a semiconductor 
substrate having at least one patterned gate stack region 
formed thereon; 

(b) etching said oxide ?lm so as to remove said oxide ?ll 
from said horiZontal surfaces of said structure; 

(c) forming thick spacers on portions of said oxide ?lm 
that are adjoining said at least one patterned gate stack 
region, said thick spacers being composed of a dielec 
tric material other than an oxide; 

(d) recessing said oxide ?lm so as to form at least a divot 
region betWeen said thick spacers and a top surface of 
said patterned gate stack region; and 

(e) ?lling said divot region With a divot ?ll material, said 
divot ?ll material being composed of a dielectric mate 
rial other than an oxide. 

30. The method of claim 29 Wherein said oxide ?lm is 
formed by a conformal deposition process that folloWs the 
contour of said semiconductor structure. 

31. The method of claim 30 Wherein said conformal 
deposition process comprises chemical vapor deposition, 
plasma-assisted chemical vapor deposition, evaporation or 
chemical solution deposition. 

32. The method of claim 29 Wherein said patterned gate 
stack region is formed by lithography and etching. 

33. The method of claim 29 Wherein step (b) includes a 
spacer etching process. 

34. The method of claim 29 Wherein step (b) forms 
I-shaped oxide spacers on said vertical surfaces of said 
structure. 

35. The method of claim 29 Wherein said thick spacers are 
formed by deposition and etching. 

36. The method of claim 35 Wherein said etching com 
prises an anisotropic etching process. 

37. The method of claim 29 Wherein step (d) comprises a 
chemical Wet etch process. 

38. The method of claim 37 Wherein said chemical Wet 
etch process comprises the use of HF as a chemical etchant. 

39. The method of claim 29 Wherein step (d) comprises a 
dry etching process selected from the group consisting of 
reactive-ion etching, plasma etching, ion beam etching and 
laser ablation. 

40. The method of claim 29 Wherein step (e) comprises 
deposition of a conformal layer of said divot ?ll material and 
etching back said conformal layer. 

41. The method of claim 40 Wherein said deposition 
comprises chemical vapor deposition or plasma-assisted 
chemical vapor deposition. 
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42. The method of claim 40 wherein said etching back 
comprises a spacer etching process or a combination of 
isotropic and anisotropic etching. 

43. The method of claim 29 Wherein said divot ?ll 
material is formed completely With said divot region. 

44. The method of claim 29 Wherein said divot ?lm 
material is form partially Within said divot region. 

45. A CMOS device comprising: 

a semiconductor structure having at least one patterned 
gate stack region formed thereon, 

said patterned gate stack region having vertical sideWalls; 

an oXide ?lm formed on portions of said vertical sideWalls 
of said at least one patterned gate stack region; 

thick spacers formed on said oXide ?lm and said semi 
conductor substrate, Wherein said 

thick spacers eXtend beyond edges of said oXide ?lm such 
that a divot region is present betWeen at least said thick 
spacers and a top surface of said patterned gate stack 
region; and 

a divot ?ll material present in said divot region. 
46. The CMOS device of claim 45 Wherein said semi 

conductor substrate comprises Si, Ge, SiGe, GaAs, InAs, 
InP, Si/Si, Si/SiGe or silicon-on-insulators. 

47. The CMOS device of claim 45 Wherein said semi 
conductor substrate comprises Si. 

48. The CMOS device of claim 45 Wherein said patterned 
gate stack region comprises a patterned gate dielectric 
material and a patterned gate stack. 
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49. The CMOS device of claim 48 Wherein said patterned 
gate dielectric is comprised of an oXide, a nitride, an 
oXynitride or any combination and multilayer thereof. 

50. The CMOS device of claim 48 Wherein said patterned 
gate dielectric is comprised of an oXide selected from the 

group consisting of SiO2, ZrO2, Ta2O5 and A1203. 
51. The CMOS device of claim 48 Wherein said gate stack 

includes at least a gate material. 

52. The CMOS device of claim 51 Wherein said gate 
material is selected from the group consisting of polysilicon, 
amorphous silicon, elemental metals that are conductive, 
alloys of elemental metals that are conductive, suicides or 
nitrides of elemental metals that are conductive and any 
combination thereof. 

53. The CMOS device of claim 51 Wherein said gate 
material is comprised of silicon or amorphous silicon. 

54. The CMOS device of claim 45 Wherein said oXide ?lm 
is comprised of SiO2. 

55. The CMOS device of claim 45 Wherein said oXide ?lm 
is an I-shaped spacer. 

56. The CMOS device of claim 45 Wherein said thick 
spacers are comprised of a nitride, an oXynitride or any 
combinations or multilayers thereof. 

57. The CMOS device of claim 45 Wherein said divot ?ll 
material is comprised of a nitride or an oXynitride. 


