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PRESERVING TEOS HARD MASK USING COR 
FOR RAISED SOURCE-DRAIN INCLUDING 

REMOVABLE/DISPOSABLE SPACER 

BACKGROUND OF INVENTION 

[0001] The present invention relates to complementary 
metal oxide semiconductor (CMOS) device manufacturing, 
and more particularly to a method and integration scheme to 
use chemical oxide removal (COR) to preserve an oxide 
hard mask for the purpose of avoiding silicon groWth on the 
gate stack during raised source/drain formation. Silicon 
groWth on the gate stack must be prevented in order to avoid 
interference With spacer removal and extension implants. 
The presence of the oxide hard mask also signi?cantly 
enhances yield. 

[0002] Prior art raised source/drain (RSD) processing 
includes a disposable spacer and a gate cap ?oW. In such 
prior art processing, a SiN layer is used as a hard mask to 
etch the gate stack, Which is located atop a semiconductor 
substrate. After etching of the gate stack, the SiN layer is left 
atop the gate stack. SiN spacers are next fabricated on the 
sideWalls of the gate stack to completely “encapsulate” the 
gate stack. Next, a pre-RSD cleaning step is performed on 
exposed surfaces of the semiconductor substrate abutting the 
gate stack, after Which the RSD regions are groWn. Typi 
cally, the pre-RSD cleaning step includes the use of aqueous 
HF based chemistries and then RSD regions are groWn. The 
spacers and the cap are then removed by hot phosphoric 
acid. 

[0003] One advantage of such prior art RSD processing is 
that bridging from the gate to the source/drain is substan 
tially reduced or even eliminated. Another advance of the 
foregoing processing scheme is that it enables the RSD to be 
groWn on an intrinsic surface. Moreover, the overall thermal 
budget that the extensions experience can be substantially 
minimiZed since the extensions may be implanted after the 
RSD. 

[0004] Although the advantages of the RSD disposable 
spacer scheme described above are attractive, there are 
several disadvantages. Speci?cally, any corner rounding of 
the SiN hard mask during the gate stack etch may lead to 
exposed portions of the gate during RSD groWth. Selective 
silicon Will groW on any region of exposed Si, Which causes 
unWanted protuberances that can block implants. Another 
draWback of the prior art RSD disposable spacer scheme is 
that the SiN hard mask is more dif?cult to controllably trim. 
In addition, the removal process for SiN by hot phosphoric 
acid is capable of pitting Si and can leave appreciable 
amounts of metal contamination. 

[0005] In vieW of the draWbacks mentioned above With the 
prior art RSD disposable spacer scheme, there is a need for 
developing a neW and improved processing scheme for 
forming RSD regions that avoids the disadvantages men 
tioned above. 

SUMMARY OF INVENTION 

[0006] One object of the present invention is to provide a 
method of fabricating a CMOS device having RSD regions. 

[0007] Another object of the present invention is to pro 
vide a method of fabricating a CMOS device having RSD 
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regions in Which silicon groWth on the gate stack is avoided 
during formation of the RSD regions. 

[0008] A yet further object of the present invention is to 
provide a method of fabricating a CMOS device having 
RSD regions in Which problems With spacer removal and 
extension implant formation is substantially eliminated. 

[0009] A still further object of the present invention is to 
provide a method of fabricating a CMOS device having 
RSD regions in Which an oxide hard mask is employed that 
is more easily trimmed than is a SiN hard mask. 

[0010] Another object of the present invention is to pro 
vide a method of fabricating a CMOS device having RSD 
regions in Which no substantial amount of pitting of Si 
occurs. 

[0011] An even further object of the present invention is to 
provide a method of fabricating a CMOS device having 
RSD regions in Which no substantial metal contamination is 
observed. 

[0012] A still even further object of the present invention 
is to provide a method of fabricating a CMOS device in 
Which SiO2 disposable spacers are employed. 

[0013] Ayet even further object of the present invention is 
to provide a method of fabricating a CMOS device having 
RSD regions in Which all of the advantages of the prior art 
RSD integration scheme mentioned above are obtained, 
While overcoming all of the disadvantages thereof. 

[0014] These and other objects and advantages are 
obtained in the present invention by utiliZing an oxide hard 
mask as Well as chemical oxide removal (COR) Which 
preserves the oxide hard mask over the gate stack thereby 
avoiding Si groWth on the gate stack during RSD formation. 
The present invention thus provides a reliable robust alter 
native to the prior art RSD integration scheme mentioned in 
the background section of the present application. 

[0015] Speci?cally, the method of the present invention, 
Which is employed in fabricating a CMOS device having 
RSD regions, comprises the steps of: providing a material 
stack atop a surface of a semiconductor substrate, said 
material stack comprising an oxide hard mask located atop 
a gate conductor, Which is located atop a gate dielectric; 
patterning said oxide hard mask and said gate conductor of 
said material stack; forming a disposable spacer on at least 
each sideWall of said patterned gate conductor; removing 
portions of said gate dielectric not protected by said dispos 
able spacers and said patterned gate conductor to expose 
portions of said semiconductor substrate, Wherein said 
removing comprises a chemical oxide removal step; forming 
raised source/drain regions in exposed portions of said 
semiconductor substrate; and removing said disposable 
spacers to expose portions of said semiconductor substrate 
abutting the patterned gate conductor. 

[0016] In a preferred embodiment of the present invention, 
the disposable spacer that is formed on at least each sideWall 
of the patterned gate conductor is composed of SiO2 since 
selective epi processes, Which are used in forming the RSD 
regions, are more selective to SiO2 than SiN. 

[0017] In some embodiments of the present invention, the 
oxide hard mask and the gate dielectric beneath the dispos 
able spacers are removed during the removing of the dis 
posable spacers. 
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[0018] After removing the disposable spacers and option 
ally the oxide hard mask and the gate dielectric beneath the 
disposable spacers, the method of the present invention 
further comprises the steps of: forming source/drain exten 
sion regions in portions of the semiconductor substrate that 
are left exposed after said removing step; and forming 
source/drain regions in at least said raised source/drain 
regions. 
[0019] In some embodiments of the present invention, the 
source/drain regions may be formed prior to removing the 
disposable spacers. 

BRIEF DESCRIPTION OF DRAWINGS 

[0020] These and other objects, features and advantages of 
the present invention Will become apparent from the fol 
loWing detailed description and the appended draWings in 
Which: 

[0021] FIGS. 1-9 are pictorial representations (through 
cross sectional vieWs) illustrating the basic processing steps 
of the present invention. 

[0022] FIG. 10 is a pictorial representation (through a 
cross sectional vieW) illustrating the structure that is formed 
after formation of source/drain extension regions and 
source/drain regions. 

[0023] FIGS. 11-12 are pictorial representations (through 
cross sectional vieWs) illustrating an alternative embodiment 
of the present invention in Which the disposable spacer 22 of 
FIG. 8 is removed, but the oxide hard mask 18“ and the gate 
dielectric 14 are left intact. 

DETAILED DESCRIPTION 

[0024] The present invention, Which provides a processing 
scheme for fabricating a semiconductor device having RSD 
regions, 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 cor 
responding elements are referred to by like reference numer 
als. 

[0025] Reference is ?rst made to FIG. 1 Which shoWs an 
initial structure that is utiliZed in the present invention. The 
initial structure illustrated in FIG. 1 comprises a semicon 
ductor substrate 10 having a material stack 12 formed on a 
surface of semiconductor substrate 10. Material stack 12 
comprises a gate dielectric 14 located atop a surface of 
semiconductor substrate 10, a gate conductor 16 located 
atop gate dielectric 14 and an oxide hard mask 18 located 
atop gate conductor 16. 

[0026] The structure shoWn in FIG. 1 is comprised of 
materials that are Well knoWn in the art and conventional 
processes that are also Well knoWn in the art are employed 
in fabricating the same. For example, semiconductor sub 
strate 10 comprises any semiconductor material including, 
but not limited to: Si, Ge, SiGe, GaAs, InAs, InP and all 
other III/V compound semiconductors. Layered semicon 
ductors comprising the same or different semiconductor 
material such as Si/Si, Si/SiGe and silicon-on-insulator 
(SOI) may be also employed in the present invention. In an 
SOI substrate, a buried insulating material, such as an oxide, 
electrically insulates a top Si-containing layer from a bottom 
Si-containing layer. Semiconductor substrate 10 may be 
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undoped or doped With an n- or p-type dopant depending on 
the type of device to be fabricated. 

[0027] Semiconductor substrate 10 may include various 
isolation regions such as shalloW trench isolation (STI) 
regions or local oxidation of silicon (LOCOS) isolation 
regions formed in the surface thereof utiliZing conventional 
processes Well knoWn to those skilled in the art. For clarity, 
the draWings of the present invention do not speci?cally 
shoW the presence of the isolation regions, hoWever, refer 
ence numeral 10 is meant to include those regions. One 
highly preferred semiconductor substrate 10 employed in the 
present invention is a substrate that is comprised of Si. 

[0028] Gate dielectric 14 of material stack 12 is then 
formed on a surface of semiconductor substrate 10 utiliZing 
a deposition process such as chemical vapor deposition 
(CVD), plasma-assisted CVD, atomic layer CVD, evapora 
tion, sputtering and chemical solution deposition. Alterna 
tively, gate dielectric 14 may be formed by a thermal 
oxidation, nitridation or oxynitridation process. Combina 
tions of the aforementioned processes may also be used in 
forming gate dielectric 14 on the surface of semiconductor 
substrate 10. 

[0029] Gate dielectric 14 is comprised of an insulating 
material including, but not limited to: an oxide, nitride, 
oxynitride or any combination thereof. A highly preferred 
insulating material that is employed in the present invention 
as gate dielectric 14 is SiO2. Although it is preferred to use 
SiO2 as the gate dielectric material, the present invention 
also contemplates using insulating materials, i.e., dielectrics, 
Which have a higher or loWer dielectric constant, k, than 
SiO2. For example, gate dielectric 14 may be comprised of 
a high-k oxide such as Al2O3 or a perovskite-type oxide. 

[0030] The physical thickness of gate dielectric 14 may 
vary, but typically gate dielectric 14 has a thickness of from 
about 0.5 to about 20 nm, With a thickness of from about 1.0 
to about 10.0 nm, being more highly preferred. 

[0031] After forming gate dielectric 14 on the surface of 
semiconductor substrate 10, gate conductor 16 is formed on 
an exposed upper surface of gate dielectric 14. Gate con 
ductor 16 is comprised of a conductive material including, 
but not limited to: 

[0032] elemental metals such as W, Pt, Pd, Ru, Re, Ir, Ta, 
M0 or combinations and multilayers thereof; silicides and 
nitrides of the foregoing elemental metals; polysilicon either 
doped or undoped; and combinations and multilayers 
thereof. One highly preferred conductive material employed 
as gate conductor 16 is doped polysilicon. 

[0033] Gate conductor 16 is formed utiliZing a deposition 
process such as CVD, plasma-assisted CVD, sputtering, 
evaporation, chemical solution deposition and plating. 
When metal suicides are employed, a conventional silicida 
tion process may be used in forming the same. On the other 
hand, When doped polysilicon is employed as gate conductor 
16, the doped polysilicon may be formed by an in-situ 
doping deposition process, or alternatively, a layer of 
undoped silicon is ?rst deposited and thereafter an ion 
implantation is employed in doping the undoped polysilicon. 
The doping of the undoped polysilicon may occur immedi 
ately after deposition or in a later processing step after the 
oxide hard mask has been completely removed from the 
structure. 
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[0034] The physical thickness of gate conductor 16 
formed at this point of the present invention may vary 
depending on the conductive material employed as Well as 
the process used in forming the same. Typically, hoWever, 
gate conductor 16 has a thickness of from about 20 to about 
400 nm, With a thickness of from about 50 to about 200 nm 
being more highly preferred. 

[0035] After forming the gate conductor 16 atop the gate 
dielectric 14, an oxide hard mask 18 is formed atop the gate 
conductor 16. Oxide hard mask 18 is formed utiliZing a 
deposition process such as CVD or plasma-assisted CVD in 
Which tetraethylorthosilicate (TEOS) is employed as the 
precursor source gas. The physical thickness oxide of hard 
mask 18 may vary, but typically, oxide hard mask 18 has a 
physical thickness of from about 25 to about 60 nm. 

[0036] After providing the initial structure shoWn in FIG. 
1, a patterned resist image 20 is formed on predetermined 
portions of oxide hard mask 18. The resultant structure 
including patterned resist image 20 is shoWn, for example, 
in FIG. 2. It is noted that although FIG. 2 shoWs the 
presence of a single patterned resist image 20, the present 
invention Works When more than one patterned resist image 
is formed on oxide hard mask 18. Thus, the present inven 
tion is capable of forming a plurality of CMOS devices atop 
the surface of semiconductor substrate 10. 

[0037] Patterned resist image 20 shoWn in FIG. 2 is 
formed by ?rst depositing a conventional photoresist on the 
surface of oxide hard mask 18. This depositing step may 
include the use of a conventional spin-on coating process. 
FolloWing deposition of the photoresist, the deposited pho 
toresist is subjected to lithography Which includes exposing 
the deposited photoresist to a pattern of radiation, and 
developing the pattern formed in the deposited photoresist 
by utiliZing a conventional developer solution. 

[0038] After providing patterned resist image 20 on por 
tions of oxide hard mask 18, the pattern present in the resist 
image is transferred to the oxide hard mask 18 providing the 
structure shoWn, for example, in FIG. 3. In FIG. 3, the 
patterned oxide hard mask is labeled as 18“ to distinguish it 
from the unpatterned oxide hard mask 18. The pattern 
transfer is accomplished in the present invention by utiliZing 
a dry etching process such as reactive-ion etching (RIE), 
plasma-etching, ion beam etching or laser ablation. Alter 
natively, a spun-on or deposited anti-re?ection coating 
underlying the resist (not shoWn) can be patterned in the 
same step. 

[0039] Next, patterned resist image 20 is removed from 
the structure providing the structure shoWn, for example, in 
FIG. 4. The patterned resist image 20 is removed in the 
present invention by utiliZing a conventional resist stripping 
process that is Well knoWn to those skilled in the art. 

[0040] FolloWing patterned resist image 20 removal, the 
structure shoWn in FIG. 4 having patterned oxide hard mask 
18‘ is then subjected to an etching process Which removes 
portions of gate conductor 16 that are not protected by 
patterned oxide hard mask 18‘. Speci?cally, etching is per 
formed utiliZing an anisotropic Wet chemical etching process 
Where a chemical etchant that is highly selective in etching 
a conductive material as compared to an oxide, nitride or 
oxynitride is employed. An example of such an etching 
process is HBr RIE. The resultant structure formed after this 
etching step is shoWn, for example, in FIG. 5. 
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[0041] In FIG. 5, there is shoWn a structure Which 
includes a patterned oxide hard mask 18‘ located atop a 
patterned gate conductor 16‘. The patterned gate conductor 
16‘ is located atop gate dielectric 14 Which is located atop 
semiconductor substrate 10. The patterned gate conductor 
16‘ forms the gate of a CMOS device. Note that the present 
invention also contemplates the formation of a plurality of 
patterned gates on the surface of the gate dielectric. 

[0042] FolloWing gate de?nition and etching, patterned 
gate conductor 16‘ is subjected to a post gate etch cleaning 
process. Unlike the prior art Where aqueous HF is employed 
in the post gate etch cleaning process, the method of the 
present invention utiliZes a COR (chemical oxide removal) 
etching process instead. The COR etching process used at 
this point of the present invention does not substantially 
attack patterned oxide hard mask 18‘ as is typically the case 
When aqueous HF is employed as the post etch cleaning 
etchant. This attack can result in exposure of the sideWalls 
of the patterned gate conductor 16‘ during the subsequent 
formation of spacers. 

[0043] The COR process used in this post gate etch 
cleaning step includes a step of exposing the structure to a 
gaseous mixture of HF and ammonia, preferably in a ratio of 
2:1, at a pressure betWeen 1 mTorr and 10 mTorr and a 
temperature of about 25° C. During this exposure, the HF 
and ammonia gases react With the sideWall residue of the 
gate etch to form a solid reaction product. The solid reaction 
product is removed in a second step Which includes heating 
the structure to a temperature about 100° C., thus causing the 
reaction product to evaporate. Alternatively, the reaction 
product may be removed by rinsing the structure in Water, or 
removing With an aqueous solution. 

[0044] FolloWing the post gate etch cleaning step 
described above, the structure may be subjected to a gate 
reoxidation process Which forms a thin layer of oxide (not 
speci?cally shoWn in the draWings) about the structure 
shoWn in FIG. 5. The thin layer of oxide forms atop the Si 
surface and exposed sideWalls of the patterned gate conduc 
tor 16‘. The gate reoxidation process employed at this point 
of the present includes a thermal oxidation process that is 
performed in an oxidiZing ambient at a temperature of about 
900° C. or greater. Optionally, a SiO2 liner (not speci?cally 
shoWn) may be formed about the structure shoWn in FIG. 5 
utiliZing a conventional deposition process. 

[0045] Next, and as illustrated in FIG. 6, disposable 
spacer 22 is formed on at least each sideWall of patterned 
gate conductor 16‘. Note that an upper portion of each 
disposable spacer 22 may extend onto the exposed sideWalls 
of the patterned oxide hard mask 18‘ as Well. Disposable 
spacer 22 is comprised of a conventional insulating material 
such as an oxide, nitride, oxynitride or any combination 
including multilayers thereof. Preferably, disposable spacer 
22 is composed of SiN or SiO2, With SiO2 spacers being 
especially preferred in the present invention. LoW density 
deposited SiO2 such as tetraethylorthosilicate (TEOS), for 
example, are especially preferred since it is knoWn that 
conventional selective epi groWth processes are more selec 
tive to SiO2 than SiN. Disposable spacer 22 is formed 
utiliZing a deposition process folloWed by RIE. The term 
disposable spacer is used herein since spacer 22 Will be 
removed later on in the inventive method. 

[0046] After disposable spacer 22 formation, a pre-RSD 
cleaning process, Which removes gate dielectric 14 not 
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protected by disposable spacers 22 and the stack of patterned 
oxide hard mask 18‘/gate conductor 16‘, is employed. FIG. 
7 provides an illustration of the resultant structure that is 
formed after this COR etching process; note that regions of 
semiconductor substrate underlying the removed gate 
dielectric are noW exposed. The exposed portions of the 
semiconductor substrate 10 are labeled as 11 in FIG. 7. 

[0047] The pre-RSD cleaning process of the present 
invention utiliZes another COR (chemical oxide removal) 
etching process instead of aqueous HF. The COR process 
used at this point of the present invention does not substan 
tially attack patterned oxide hard mask 18‘ as is typically the 
case When aqueous HF is employed. Aqueous HF attack can 
result in unWanted removal of the patterned oxide hard mask 
18‘ from the patterned gate conductor 16‘ thereby exposing 
the patterned gate conductor 16‘. The exposed patterned gate 
conductor 16‘ may, if it is comprised of polysilicon, be 
available as an active substrate during subsequent groWth of 
the RSD regions. GroWth on exposed gate conductor can 
result in gate to source/drain shorts and can result in Si 
overhang in the extension regions. This overhang can inter 
fere With extension implants. 

[0048] The COR process used in this pre-RSD cleaning 
process includes a step of exposing the structure to a gaseous 
mixture of HF and ammonia, preferably in a ratio of 2:1, at 
a pressure betWeen 1 mTorr and 10 mTorr and a temperature 
of about 25 ° C. During this exposure, the HF and ammonia 
gases react With the gate dielectric material to form a solid 
reaction product. The solid reaction product is removed in a 
second step Which includes heating the structure to a tem 
perature about 100° C., thus causing the reaction product to 
evaporate and rinsing the structure in Water, or removing 
With an aqueous solution. 

[0049] It is noted that the COR processes utiliZed in the 
present invention have a much different selectivity than does 
an aqueous HF etch of SiO2. In particular, the COR reaction 
etches the TEOS oxide hard mask at a sloWer rate than that 
of a thermally groWn oxide. Thus, thermal oxide is readily 
etched, While retaining far more TEOS than is retained in an 
aqueous HF etch to clean the Si surface. 

[0050] FolloWing the COR etching of the exposed gate 
dielectric from the structure, RSD regions 24 are formed on 
the exposed portions 11 of semiconductor substrate 10. The 
RSD regions are formed in the present invention utiliZing a 
conventional epi Si groWth process. The resultant structure, 
including RSD regions 24, is shoWn, for example, in FIG. 
8. 

[0051] FolloWing formation of RSD regions 24, patterned 
oxide hard mask 18‘ disposable spacers 22 and gate dielec 
tric 14 underlying the disposable spacers are removed by 
utiliZing a Wet etching process, a dry etching process or any 
combination thereof including multiple etching steps. The 
resultant structure that is formed after this step of the present 
invention has been performed is shoWn, for example, in 
FIG. 9. Note that exposed portions 11 of semiconductor 
substrate 10 are formed after this removal step. 

[0052] In an alternative embodiment, the source/drain ion 
implants are performed at this point of the present invention 
and thereafter the implants are activated by a high tempera 
ture rapid thermal anneal to activate the junctions. 

[0053] Next, source/drain extension regions 26 and 
source/drain regions 28 may be formed providing the struc 
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ture shoWn in FIG. 10. In accordance With the present 
invention, the source/drain extension regions 26 are formed 
in areas of the semiconductor substrate that previously Were 
protected by disposable spacers 22. In another embodiment, 
a thin sideWall spacer may be formed and used to offset the 
extension implants from the gate edge. After extension 
implants, a source/drain spacer, Which extends laterally at 
least as far as the original disposable spacer, is formed. Next, 
the source/drain implants are performed. 

[0054] Regions 26 are formed by utiliZing a conventional 
ion implantation process. Activation of the implants typi 
cally occurs at a temperature of about 800° C. or greater for 
a time period of about 3 seconds or greater. Other annealing 
conditions are also contemplated herein provided that they 
are capable of activating the implant regions. 

[0055] An alternative embodiment of the present inven 
tion is shoWn in FIGS. 11 and 12. In this alternative 
embodiment, the disposable spacer 22 of FIG. 8 is removed, 
but the oxide hard mask 18‘ and the gate dielectric 14 are left 
intact. For instance, if the disposable spacer 22 is comprised 
of silicon nitride and the hard mask is comprised of TEOS, 
then the spacer 22 can be removed by a hot phosphoric acid 
solution. In such an embodiment, the gate 16‘ is not further 
doped during ion implantation of the extensions, and the 
gate dielectric, 14 can serve as a screen for the ion implan 
tation. If BF2 is used for implanting the P-FET extensions, 
then improvement from reduced boron penetration of the 
gate dielectric is expected. 

[0056] While the present invention has been particularly 
shoWn and described With respect to preferred embodiments 
thereof, it Will be understood by one skilled in the art that the 
foregoing and other changes in form and detail 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. 

1. A method of forming a complementary metal oxide 
semiconductor (CMOS) device comprising the steps of: 

(a) providing a material stack atop a surface of a semi 
conductor substrate, said material stack comprising an 
oxide hard mask located atop a gate conductor, Which 
is located atop a gate dielectric; 

(b) patterning said oxide hard mask and said gate con 
ductor of said material stack; 

(c) forming a disposable spacer on at least each sideWall 
of said patterned gate conductor; 

(d) removing portions of said gate dielectric not protected 
by said disposable spacers and said patterned gate 
conductor to expose portions of said semiconductor 
substrate, Wherein said removing comprises a chemical 
oxide removal step; 

(e) forming raised source/drain regions in exposed por 
tions of said semiconductor substrate; and 

(f) removing said disposable spacers to expose portions of 
said semiconductor substrate abutting the patterned 
gate conductor. 
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2. The method of claim 1 further comprising the steps of: 

forming source/drain extension regions in portions of the 
semiconductor substrate that are left exposed after 
removing step and 

forming source/drain regions in at least said raised source/ 
drain regions. 

3. The method of claim 1 Wherein said oxide hard mask 
is comprised of an oxide formed by chemical vapor depo 
sition of tetraethylorthosilicate. 

4. The method of claim 1 further comprising a post etch 
cleaning step Which is performed betWeen steps (b) and (c), 
said post etch cleaning step comprises a chemical oxide 
removal (COR) process. 

5. The method of claim 4 Wherein said COR process 
comprises a gaseous mixture of HF and ammonia. 

6. The method of claim 5 Wherein said gaseous mixture of 
HF and ammonia comprises a ratio of 2 parts HF and 1 part 
ammonia. 

7. The method of claim 4 Wherein said COR process is 
performed at a pressure of betWeen 1 mTorr and 10 mTorr 
and at a temperature of about 25° C. 

8. The method of claim 1 Wherein said disposable spacers 
are comprised of SiO2. 

9. The method of claim 1 Wherein said COR process of 
step (d) comprises a gaseous mixture of HF and ammonia. 

10. The method of claim 9 Wherein said gaseous mixture 
of HF and ammonia comprises a ratio of 2 parts HF and 1 
part ammonia. 

11. The method of claim 1 Wherein said COR process of 
step (d) is performed at a pressure of betWeen 1 mTorr and 
10 mTorr and at a temperature of about 25° C. 

12. The method of claim 11 Wherein said COR process 
results in the formation of a solid reaction product. 

13. The method of claim 12 Wherein said solid reaction 
product is removed by heating to a temperature of about 
100° C., rinsing in Water, or an aqueous solution. 

14. The method of claim 12 Wherein said solid reaction 
product is removed by heating to a temperature of about 
100° C. and With an aqueous HF solution. 

15. The method of claim 1 Wherein step (e) comprises an 
epi Si groWth process. 

16. The method of claim 1 further comprising forming 
source/drain regions prior to the removing of the disposable 
spacers. 

17. The method of claim 1 Wherein said removing of the 
disposable spacers further comprises the removing of the 
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oxide hard mask and the removing of the gate dielectric 
underlying the disposable spacers. 

18. The method of claim 1 Wherein said removing of the 
disposable spacers does not remove the oxide hard mask and 
the underlying gate dielectric. 

19. The method of claim 18 Wherein the disposable 
spacers are removed by hot phosphoric acid. 

20. A method of forming a complementary metal oxide 
semiconductor (CMOS) device comprising the steps of: 

(a) providing a material stack atop a surface of a semi 
conductor substrate, said material stack comprising an 
oxide hard mask located atop a gate conductor, Which 
is located atop a gate dielectric; 

(b) patterning said oxide hard mask and said gate con 
ductor of said material stack; 

(c) performing a post etch cleaning step utiliZing a ?rst 
chemical oxide removal (COR) step; 

(d) forming a disposable spacer on at least each sideWall 
of said patterned gate conductor; 

(e) removing portions of said gate dielectric not protected 
by said disposable spacers and said patterned gate 
conductor to expose portions of said semiconductor 
substrate, Wherein said removing comprises a second 
COR step; 

(f) forming raised source/drain regions in exposed por 
tions of said semiconductor substrate; and 

(g) removing said disposable spacers to expose portions 
of said semiconductor substrate abutting the patterned 
gate conductor. 

21. The method of claim 20 Wherein said ?rst and second 
COR steps comprise a gaseous mixture of HF and ammonia. 

22. The method of claim 20 Wherein said removing of the 
disposable spacers further comprises the removing of the 
oxide hard mask and the removing of the gate dielectric 
underlying the disposable spacers. 

23. The method of claim 20 Wherein said removing of the 
disposable spacers does not remove the oxide hard mask and 
the underlying gate dielectric. 

24. The method of claim 20 Wherein the disposable 
spacers are removed by hot phosphoric acid. 

* * * * * 


