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(57) ABSTRACT 

Methods of fabricating metal oxide semiconductor field 
effect transistor (MOSFET) devices having a high dielectric 
constant (k greater than 7) gate insulator, low overlap 
capacitance (0.35 ft/um or below) and a channel length 
(Sub-lithographic, e.g., 0.1 um or less) that is shorter than the 
lithography-defined gate lengths are provided. The methods 
include a damascene processing Step and a chemical oxide 
removal (COR) step. The COR step produces a large taper 
on a pad oxide layer which, when combined with a high-k 
gate insulator, results in low overlap capacitance, Sort chan 
nel lengths and better device performance as compared to 
MOSFET devices that are formed using conventional 
Complementary Metal Oxide Semiconductor (CMOS) tech 
nologies. 
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MOSFET WITH HIGH DELECTRIC CONSTANT 
GATE INSULATOR AND MINIMUM OVERLAP 

CAPACITANCE 

FIELD OF THE INVENTION 

0001. The present invention relates to semiconductor 
devices, and in particular to methods of fabricating metal 
oxide semiconductor field effect transistor (MOSFET) 
devices having a high dielectric constant (k greater than 7) 
gate insulator, low overlap capacitance (0.35 ft/um or 
below) and a channel length (Sub-lithographic, e.g., 0.1 um 
or less) that is shorter than the lithography-defined gate 
lengths. 

BACKGROUND OF THE INVENTION 

0002. As MOSFET channel lengths are scaled down to 
Sub-0.1 um dimensions and as the gate oxide thickneSS is 
Scaled down to below 1.5 nm, tunneling currents larger than 
1 A/cm will preclude the use of SiO, as a gate dielectric 
layer. Therefore, the development of a Complementary 
Metal Oxide Semiconductor (CMOS) technology which 
utilizes a high-kgate insulator is a must for the continuing 
of CMOS scaling into the sub-0.1 um regime. 
0003. In conventional gate CMOS technologies wherein 
high-kgate insulators are employed, the activation anneal of 
the Source/drain implants is typically performed after the 
gate insulator is formed. This limits the anneal temperature 
to less than 800° C. to prevent degradation of the properties 
of the high-k insulator. Such low temperature anneals result 
in partial activation of the Source/drain junctions as well as 
in depletion of the polysilicon gate. Both of the above 
mentioned characteristics are undesirable Since they often 
times lead to device performance degradation. 

0004 Moreover, in conventional gate CMOS technolo 
gies, the Source/drain extensions must overlap the gate 
region of the device. This overlap causes capacitance in the 
device. The greater the Overlap of the Source/drain exten 
Sions with the gate region, the greater the overlap capaci 
tance is. Likewise, if the overlap of the Source/drain exten 
sions with the gate is too small, an unreliable MOSFET 
device may be fabricated. 
0005 Another problem associated with conventional 
gate-CMOS technologies is that the gate is fabricated uti 
lizing Sag lithography and etching. The use of lithography 
and etching in forming the gate region of the CMOS device 
ago provides a MOSFET device whose channel length is in 
the same order as the lithographic tool. That is, lithography 
defined gate length preclude the formation of Sub-litho 
graphic devices. 
0006. In view of the drawbacks with prior art gate CMOS 
technologies, there is a continued need to develop new and 
improved methods that will permit the fabrication of MOS 
FET devices that have a high-k gate insulator, low overlap 
capacitance and a Sub-lithographic channel length. 

SUMMARY OF THE INVENTION 

0007 One object of the present invention is to provide a 
method of fabricating a highly reliable MOSFET device that 
contains a high-k dielectric material as the gate insulator of 
the device. 
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0008 A further object of the present invention is to 
provide a method of fabricating a highly reliable MOSFET 
device that contains a high-k dielectric gate insulator and a 
low overlap capacitance. 

0009. Another object of the present invention is to pro 
vide a method of fabricating a highly reliable MOSFET 
device that has a high-k gate insulator, low overlap capaci 
tance and a short channel length. 
0010) A still further object of the present invention is to 
provide methods of fabricating a highly reliable MOSFET 
device having low overlap capacitance and a short channel 
length in which a high-k, low-temperature metal oxide or a 
high-k, high-temperature metal oxide is employed as the 
gate insulator of the device. 
0011. The term “high k’ is used in the present invention 
to denote a dielectric material that has a dielectric constant 
greater than SiN, i.e., greater than 7.0. More preferably, 
the term “high k’ denotes a dielectric material having a 
dielectric constant of 15 or above. 

0012. The term “low overlap capacitance' is used in the 
present invention to denote a capacitance of 0.35 f/um or 
leSS. 

0013 The term “short channel length” is employed in the 
present invention to denote a gate channel that lies beneath 
the gate region whose length is 0.1 um or less, i.e., Sub 
lithographic. 

0014) The term “high-temperature metal oxide” denotes a 
metal oxide that does not degrade when Subjected to anneal 
ing at a temperature of about 950-1050 C., preferably 
1000 C., 10 seconds. Illustrative examples of metal oxides 
within this class include, but are not limited to: Al-O and 
TiO. 
0015 The term “low-temperature metal oxide” denotes a 
metal oxide that is converted to a metal or it becomes leaky 
upon annealing at 950-1050° C., preferably 1000° C., 10 
Seconds. Illustrative examples of metal oxides within this 
class include, but are not limited to: ZrO2, barium titanate, 
Strontium titanate and barium Strontium titanate. 

0016. These and other objects and advantages can be 
achieved in the present invention by utilizing a method 
which includes a damascene processing Step for the forma 
tion of the gate electrode and a chemical oxide removal 
(COR) processing step for producing a large taper in the pad 
oxide layer. When these two processing Steps are used in 
combination with a high-k dielectric material, a MOSFET 
device having a low overlap capacitance and a short channel 
length can be fabricated. 
0017. In one embodiment of the present invention 
wherein a high-k, high-temperature metal oxide is employed 
as the gate insulator, the processing Steps of the present 
invention comprise: 

0018 (a) providing a semiconductor structure having a 
film Stack formed on a Surface of a Substrate, Said film Stack 
comprising at least a pad oxide layer formed on Said Surface 
of Said Substrate and a nitride layer formed on Said pad oxide 
layer; 

0019 (b) forming a gate hole in said nitride layer stop 
ping on Said pad oxide layer; 
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0020 (c) forming an oxide film on the nitride layer in said 
gate hole; 
0021 (d) etching said oxide film and a portion of said pad 
oxide layer So as to provide an opening in Said gate hole 
exposing a portion of Said Substrate, wherein the pad oxide 
layer is tapered by Said etching, 
0022 (e) forming a high-k, high-temperature metal oxide 
layer about Said gate hole and on Said exposed Substrate; 
0023 (f) filling said gate hole with a gate conductor; 
0024 (g) removing said nitride layer exposing portions of 
Said high-k, high-temperature metal oxide, and 
0025 (h) completing fabrication of said MOSFET 
device. 

0026 Step (h) includes forming activated source/drain 
extensions in Said Substrate beneath Said gate conductor; 
forming Spacers on eXposed Sidewalls of Said high-k, high 
temperature metal oxide; forming activated Source/drain 
regions in Said Substrate; and forming Silicide regions in 
portions of Said pad oxide layer and in Said gate conductor. 
0027. In another embodiment of the present invention, 
wherein a high-k, low-temperature metal oxide is employed 
as the gate insulator, the processing Steps of the present 
invention comprise: 
0028 (i) providing a semiconductor structure having a 
dummy film Stack formed on a Surface of a Substrate, Said 
dummy film Stack comprising at least a pad oxide layer 
formed on said Surface of Said Substrate, a polysilicon layer 
formed on said pad oxide layer, and a SiO layer formed on 
Said polysilicon layer; 
0029 (ii) removing selective portions of said dummy film 
Stack Stopping on Said pad oxide layer So as to provide a 
patterned dummy gate region; 

0030 (iii) removing said SiO layer from said patterned 
dummy gate region; 

0031 (iv) forming activated source/drain extensions in 
Said Substrate beneath Said dummy gate region; 
0032 (v) forming spacers on sidewalls of said dummy 
gate region, 

0033 (vi) forming activated source/drain regions in said 
Substrate; 
0034 (vii) forming silicide regions in portions of said pad 
oxide layer and in Said polysilicon layer of Said dummy gate 
region; 
0035 (viii) forming an insulator layer surrounding said 
dummy gate region; 
0.036 (ix) planarizing Said insulator layer stopping at Said 
polysilicon layer in Said dummy gate region; 
0037 (X) forming an opening So as to expose a portion of 
Said Substrate, Said opening being formed by removing Said 
polysilicon layer of Said dummy gate and by tapering a 
portion of Said pad oxide layer of Said dummy gate region; 
0038 (xi) forming a high-k, low-temperature metal oxide 
in Said opening, and 
0039 (xii) filling said opening with a gate conductor, said 
gate conductor being formed at a low temperature. 
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0040. An optional planarization process may follow step 
(xii). 
0041 Another aspect of the present invention relates to 
MOSFET devices that are fabricated utilizing either of the 
above methods. The MOSFET devices of the present inven 
tion are characterized as having a low overlap capacitance 
and a short channel length. Specifically, the MOSFET 
devices of the present invention comprise at least a gate 
region having a high-k gate insulator formed on at least a 
portion of a tapered pad oxide layer, wherein Said gate 
region further includes a channel whose length is Sublitho 
graphic, preferably 0.1 um or leSS. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0042 FIGS. 1A-G show a MOSFET device of the present 
invention through the various processing StepS used in the 
first embodiment of the present invention, i.e., in Situations 
in which a high-k, high-temperature metal oxide is 
employed. 

0.043 FIGS. 2A-F shows a MOSFET device of the 
present invention through the various processing StepS used 
in the Second embodiment of the present invention, i.e., in 
Situations in which a high-k, low-temperature metal oxide is 
employed. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0044) The present invention which provides methods of 
fabricating a MOSFET device having a high-kgate insula 
tor, low overlap capacitance and a short channel length will 
now be described in greater detail by referring to the 
drawings that accompany the present invention. It should be 
noted that in the accompanying drawings like reference 
numerals are used for describing like and/or corresponding 
elements. 

0045 Reference is made to FIGS. 1A-1G which illustrate 
the basic processing Steps that are employed in the first 
embodiment of the present invention. Specifically, FIGS. 
1A-1G are cross-sectional views of one possible MOSFET 
device that can be formed utilizing the first method of the 
present invention. AS State above, the first method is 
employed when a high-k, high-temperature metal oxide is 
used as the gate insulator. 
0046 FIG. 1A shows an initial structure that is formed 
from Step (a) of the present invention. The initial structure 
comprises a substrate 10 and a film stack 12. The film stack 
includes a pad oxide layer 14 Such as SiO, which is formed 
on the Surface of substrate 10 and a nitride layer 16 Such as 
SiN that is formed on the pad oxide layer. Although the 
drawings of the present invention depict a film Stack com 
prising two material layers, the film Stack may also comprise 
additional material layers. In the embodiment in the draw 
ings of the present invention, nitride layer 16 is different 
from the nitride layer used in defining the isolation trench, 
therefore that layer will be removed by a Subsequent etching 
Step to expose the gate region of the Structure-the pad 
oxide layer remains on portions of the Substrate after 
removal of the nitride layer. 
0047 Pad oxide layer 14 is formed on the surface of 
Substrate 10 using a conventional thermal growing process, 
or alternatively, the pad oxide layer may be formed by a 
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conventional deposition process Such as, but not limited to: 
chemical vapor deposition (CVD), plasma-assisted CVD, 
Sputtering, evaporation and other like deposition processes. 
The thickness of the pad oxide layer may vary, but it should 
be thicker than the corresponding gate insulator which will 
be formed in a Subsequent processing Step. Typically, the 
pad oxide layer has a thickness of from about 8 to about 20 
0.048. Insofar as nitride layer 16 is concerned that layer is 
formed on the Surface of pad oxide layer 14 utilizing 
conventional deposition processes well known in the art, 
including the same as mentioned hereinabove in forming the 
pad oxide layer. The thickness of the nitride layer may vary, 
but it should be thicker than the pad oxide in which it is 
formed thereon. Typically, in the present invention, nitride 
layer 16 of film stack 12 has a thickness of from about 50 to 
about 200 nm. 

0049. The substrate employed in the present invention 
may be any conventional Semiconductor Substrate in which 
a Semiconducting material Such as Silicon is present therein. 
Examples of Some Substrates that may be employed in the 
present invention include, but are not limited to: Si, Ge, 
SiGe, GaP, InAS, InP and all other III/V compound semi 
conductors. The Substrate may also be composed of a 
layered semiconductor such as Si/SiGe. The substrate may 
be of the n-type or p-type depending on the desired device 
to be fabricated. The Substrate may contain various active 
and/or isolation regions either formed on the Substrate or 
formed in the Substrate using processing techniques that are 
well known in the art. A preferred substrate employed in the 
present invention is a Si wafer or chip. 
0050. Prior to forming film stack 12 on substrate 10, 
isolation trenches are formed in the Substrate. The isolation 
trenches are formed through a previously deposited nitride 
layer (that is different from nitride layer 16), pad oxide layer 
14 and a portion of Substrate 10. Isolation trenches are 
formed using conventional lithography and etching (reac 
tive-ion etching (RIE), plasma etching, ion beam etching 
and other like dry etch processes). Although not shown in 
the drawings, the lithography Step employs a conventional 
photoresist and optionally an anti-reflective coating, both of 
which are removed after the isolation trenches have been 
formed in the Structure. 

0051) An oxide liner, e.g., SiO, is formed in the isolation 
trenches So as to line the Sidewalls and bottom of each trench 
and then the trench is filled with a trench dielectric material 
(In the drawings, isolation regions 18 are meant to include 
both the oxide liner as well as the trench dielectric material). 
An optional densification Step and/or a planarization Step 
may follow the trench fill. The structure which is formed 
after isolation trench fill, planarization and film Stack 12 
formation is shown in FIG. 1A. It should be noted that the 
oxide liner forms a continuous layer with the top Surface of 
the pad oxide; therefore, the entire bottom portion of the 
isolation trench is isolated from Substrate 10. 

0.052 The oxide liner may be formed using any conven 
tional deposition or thermal growing process including the 
Same as mentioned hereinabove in forming pad oxide layer 
14. The thickness of the oxide liner may vary depending on 
the processing technique used in forming the same, but a 
typical thickneSS range of the oxide liner is from about 5 to 
about 20 nm. 

0053. After the bottom portions of the isolation trenches 
have been lined with the oxide liner, a trench dielectric 
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material is formed on the surface of the previously formed 
nitride layer and in isolation trenches. The filling process 
employed in the present invention comprises any conven 
tional deposition process including, but not limited to: CVD 
and plasma-assisted CVD. Suitable trench dielectric mate 
rials that may be employed in this step of the present 
invention include: any conventional dielectric material. 
Examples of Some Suitable trench dielectric materials that 
can be used in the present invention include, but are note 
limited to: tetraethylorthosilicate (TEOS), SiO, flowable 
oxides and other like dielectric materials. When TEOS is 
used as the trench dielectric material, an optical densification 
Step may be employed prior to planarization. 

0054 The planarization process comprises any conven 
tional planarization technique known to those skilled in the 
art including, but not limited to: chemical-mechanical pol 
ishing (CMP) and grinding. After forming the isolation 
regions, the nitride layer may be removed and a new nitride 
layer 16 is formed, or alternatively additional nitride mate 
rial is deposited forming a new nitride layer 16. 

0055. The next step of the first method of the present 
invention includes the formation of gate hole 20 in nitride 
layer 16 stopping on pad oxide 14, See FIG. 1B. Specifi 
cally, the gate hole is formed utilizing conventional lithog 
raphy and etching (reactive-ion etching (RIE), plasma-etch 
ing, ion beam etching and other like dry etching processes) 
providing the structure shown in FIG. 1B. A conventional 
photoresist is employed in defining the gate hole and is 
removed after fabricating the Same. Although the drawings 
depict the formation of only one gate hole in the Structure, 
a plurality of gate holes are also contemplated herein. 
0056. Following gate hole formation, an optional thresh 
old adjust implant Step may be performed utilizing conven 
tional ion implantation and an activation anneal; both of 
these processes are well known to those skilled in the art. 
0057. After gate hole formation and optional threshold 
adjust implant formation, an oxide film 22 is formed on the 
nitride layer in gate hole 20 providing the Structure shown in 
FIG. 1C. The oxide layer is formed by utilizing a deposition 
process Such as CVD that is capable of forming a layer of 
oxide on the nitride layer within the gate hole. The oxide is 
composed of a conventional material such as TEOS. 
0058 Next, as is shown in FIG. 1D, an opening 24 is 
formed in pad oxide layer 14 in the bottom of gate hole 20 
So as to provide a tapered pad oxide layer in the gate hole. 
By “taper” it is meant the sidewalls of the pad oxide are not 
vertical. Rather, the sidewalls of the pad oxide deviate 
significantly from 90. Preferably, the sidewalls of the 
tapered pad oxide are about 45 or less. The tapering is 
provided in the present invention by utilizing a chemical 
oxide removal (COR) step which is highly selective in 
removing oxide. This Step of the present invention exposes 
a portion of Substrate 10 in the gate hole by tapering the pad 
oxide layer while completely removing the oxide layer that 
was previously formed on the nitride layer within the gate 
hole. The COR step is a vapor phase chemical oxide removal 
process wherein a vapor of HF and NH is employed as the 
etchant and low pressures (6 millitorr or below) are used. 
0059. After tapering the pad oxide layer in the gate hole, 
a high-k, high-temperature metal oxide layer 26 (See FIG. 
1E) is formed about the gate hole (including the tapered pad 
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oxide layer and the exposed Surface of the Substrate). The 
high-k, high-temperature metal oxide is formed utilizing a 
conventional deposition process including, but not limited 
to: CVD, plasma-assisted CVD, atomic layer deposition, 
Sputtering and other like deposition processes. AS Stated 
above, the high-k, high-temperature material includes any 
metal oxide that does not degrade when it is annealed at 
950-1050° C., preferably at 1000° C., for 10 seconds. 
Examples of Some high-k, high-temperature metal oxides 
that can be employed in the present invention include: AlO 
and TiO. 
0060. The thickness of the high-k, high-temperature 
dielectric material is not critical to the present invention, but 
typically the thickness of the high-k, high-temperature 
dielectric is from about 5 to about 30 A. 
0061 Following formation of the high-k, high-tempera 
ture metal oxide, the gate hole is filled with a gate conductor 
28 utilizing conventional deposition processes well known 
to those skilled in the art such as CVD, plasma-assisted 
CVD, evaporation and Sputtering. Suitable gate conductors 
that can be employed in the present invention include, but 
are not limited to: polysilicon, W, Ta, TiN and other like 
conductive materials. The Structure including the gate con 
ductor is also shown in FIG. 1E. If needed, a conventional 
planarization process is used after filling the gate hole with 
the gate conductor. 
0062) Next, as shown in FIG. 1F, nitride layer 16 is 
removed from the Structure utilizing a conventional dama 
Scene etch back process. Specifically, a chemical etchant, 
Such as hot phosphoric acid, that is highly Selective in 
removing nitride as compared to the other Surrounding 
materials layerS is employed in the damascene etch back 
process, the damascene etch back process employed in the 
present invention Stops on the pad oxide layer mentioned 
above. 

0.063. Following removal of nitride layer 16, other 
regions that are typically present in MOSFET devices are 
fabricated utilizing techniques that are well known to those 
skilled in the art. One completed MOSFET device of the 
present invention is shown in FIG. 1G which is a blown up 
view about the MOSFET device region. Specifically, FIG. 
1G includes: Source/drain extensions 30, Spacers 32, Source/ 
drain regions 34 and Silicide regions 36. The Source/drain 
extensions are formed utilizing conventional ion implanta 
tion and annealing. The annealing temperature Sued in 
activating the Source/drain extensions is typically about 
950 C. or above, and the annealing time is typically about 
5 seconds or below. 

0.064 Spacers 32 are composed of any conventional 
nitride (e.g., SiN.) or oxide (e.g., SiO2) and are formed 
utilizing conventional deposition processes well known in 
the art and then they are etched by RIE or another like etch 
process. The thickness of Spacers 32 may vary, but typically 
they have a thickness of from about 100 to about 150 nm. 
0065 Source/drain regions 34 are formed by conven 
tional ion implantation and annealing. The anneal tempera 
ture used in activating the Source/drain regions is typically 
about 1000 C. or above, for a time period of about 5 
Seconds or less. 

0.066 The silicide regions are formed in the structure 
utilizing conventional Silicide processing Steps that are well 
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known to those skilled in the art. Since Such processing Steps 
are well known, a detailed description of the same is not 
provided herein. 
0067. The structure shown in FIG. 1G may then be 
subjected to other conventional CMOS processing steps 
which are well known in the art and are described, for 
example, in R.Colclaser, "Miro Electronics processing and 
Device Design, Chapter 10, pages 266-269, John Wiley and 
Sons publisher, 1980. 
0068. The above description and FIGS. 1A-1G illustrate 
a method of the present invention wherein a high-k, high 
temperature metal oxide is employed as the gate insulator. 
The following description and FIGS. 2A-2F illustrate a 
method of the present invention when a high-k, low-tem 
perature metal oxide is employed as the gate insulator. It is 
noted that the second embodiment shown in FIGS. 2A-2F 
represents a preferred embodiment of the present invention. 
0069. The initial structure employed in this embodiment 
of the present invention is shown in FIG. 2A. Specifically, 
FIG. 2A comprises substrate 10, isolation trenches 18 and a 
dummy film stack 50 which comprises a pad oxide layer 14, 
a polysilicon layer 52 and a SiO layer 54. The trenches and 
the pad oxide layer are formed utilizing the processing Steps 
mentioned above in connection with the first embodiment of 
the present invention. The polysilicon layer of dummy film 
Stack 50 is formed utilizing conventional deposition pro 
ceSSes Such as CVD, plasma-assisted CVD and Sputtering, 
with a low pressure CVD process being highly preferred. 
The thickness of polysilicon layer 52 is not critical to the 
present invention, but typically the thickness of the poly 
silicon layer is from about 1000 to about 2000 A. 
0070 The SiO layer of dummy film stack 50 is formed 
utilizing ozone deposition of tetraethylorthosilicate (TEOS), 
or are formed utilizing the same processing techniques as 
mentioned hereinabove. It is noted that FIG. 2B illustrates 
a structure which includes a dummy gate region 58 which 
comprises polysilicon layer 52. The use of the dummy gate 
region and the Subsequent formation of regions 30, 32, 34 
and 36, allows one to be able to employ a high-k, low 
temperature metal oxide as the gate insulator. 
0071 Next, as shown in FIG.2C, an insulator layer 60 is 
formed over the Structure utilizing conventional deposition 
processes Such as CVD, low pressure CVD, plasma-assisted 
CVD and other like deposition processes that are capable of 
forming a conformal layer over the Structure. Any insulator 
material such as SiO can be employed as layer 60. The 
thickness of the insulator layer may vary depending upon the 
type of material used, but typically the thickness of the 
insulator layer is from about 2000 to about 3000 A. 
0072 After forming the insulator layer over the structure, 
any conventional planarization proceSS Such as chemical 
mechanical polishing or grinding may be employed. It is 
noted that the planarization proceSS employed in this step of 
the present invention is stopped after the Silicide region 36 
formed on top of polysilicon layer 52 is removed. Thus, the 
planarization exposes polysilicon layer 52 of the dummy 
gate region. The Structure formed after conducting the above 
planarization step is shown in FIG. 2D. 
0073) Next, polysilicon layer 52 is removed utilizing RIE 
or a chemical down Stream etching process exposing pad 
oxide layer 14. The exposed pad oxide is then etched 
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utilizing the COR proceSS mentioned above So that a tapper 
is formed in the pad oxide layer, See FIG.2E. The combined 
etch Steps form opening 24 in the Structure, wherein Said 
opening contains a tapered pad oxide layer. 
0.074. After forming the taper in the pad oxide layer, a 
high-k, low-temperature metal oxide layer 62. Such as ZrO2, 
barium titanate, Strontium titanate, barium Strontium titanate 
and the like is formed in the opening utilizing a conventional 
deposition process as described previously herein in con 
nection with the high-k, high-temperature metal oxide. The 
thickness of the high-k, low-temperature metal oxide is from 
about 5 to about 30 A. 
0075 An optional barrier layer, e.g., a nitride, may be 
formed in the opening prior to deposition of the high-k, 
low-temperature metal oxide. When an optional barrier layer 
is formed in the Structure, any conventional deposition 
proceSS Such as CVD may be used and the thickneSS may 
vary depending on the type of material used in forming the 
barrier layer. 
0.076 After forming the high-k, low-temperature metal 
oxide in the structure a rapid thermal anneal in N at a 
temperature of about 950 or below and for about 30 seconds 
or leSS is employed. The rapid thermal anneal may be carried 
out utilizing a Single ramp and Soak cycle or multiple ramp 
and Soak cycles may be employed. 
0077. A conductive material 28 Such as described above 
is then formed in the opening utilizing the processing Steps 
mentioned hereinabove. The Structure may then be pla 
narized by conventional planarization processes, e.g., CMP, 
to provide the structure shown in FIG. 2F. 
0078. In both FIGS. 1G and 2F, there are shown MOS 
FET devices in which a high-k metal oxide is employed as 
the gate insulator. Moreover, the MOSFET devices shown in 
FIGS. 1G and 2F have a low overlap capacitance and a 
Short channel length. The Short channel length is a direct 
result of providing a taper to the pad oxide layer. By tapering 
the pad oxide layer in the manner described above, channel 
38 is much smaller than that which can be obtained from 
lithographic processes. 

0079 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 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. 

Having thus described our invention in detail, what we claim 
is new, and desire to Secure by the Letters Patent is: 
1. A method of forming a MOSFET device having low 

overlap capacitance and a short channel length comprising 
the Steps of: 

(a) providing a semiconductor Structure having a film 
Stack formed on a Surface of a Substrate, Said film Stack 
comprising at least a pad oxide layer formed on Said 
Surface of Said Substrate and a nitride layer formed on 
Said pad oxide layer; 

(b) forming a gate hole in said nitride layer stopping on 
Said pad oxide layer; 
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(c) forming an oxide layer on Said nitride layer in Said gate 
hole; 

(d) etching said oxide layer and a portion of Said pad 
Oxide layer So as to provide an opening in Said gate hole 
exposing Said Substrate, wherein the pad oxide layer is 
tapered by Said etching, 

(e) forming a high-k, high-temperature metal oxide layer 
about Said gate hole and on Said exposed Substrate; 

(f) filling said gate hole with gate conductor; 
(g) removing said nitride layer exposing portions of Said 

high k, high-temperature metal oxide, and 
(h) completing fabrication of said MOSFET device. 
2. The method of claim 1 wherein step (h) includes 

forming activated Source/drain extensions in Said Substrate 
beneath Said gate conductor; forming Spacers on Said 
exposed high-k, high-temperature metal oxide; forming acti 
Vated Source/drain regions in Said Substrate, and forming 
Silicide regions in portions of Said pad oxide and in Said gate 
conductor. 

3. The method of claim 1 wherein said Substrate includes 
isolation regions formed therein. 

4. The method of claim 3 wherein said isolation regions 
include an oxide liner and a trench dielectric material. 

5. The method of claim 1 wherein said Substrate is a 
Semiconducting material Selected from the group consisting 
of Si, Ge, SiGe, GaAs, InAS, InP and layered semiconduc 
torS. 

6. The method of claim 1 wherein said gate hole is formed 
by lithography and etching. 

7. The method of claim 1 wherein said oxide layer is 
formed by deposition of an oxide material. 

8. The method of claim 1 wherein step (d) is conducted 
utilizing a chemical oxide removal proceSS. 

9. The method of claim 8 wherein said chemical oxide 
removal process is conducted in a vapor of HF and NH. 

10. The method of claim 8 wherein said chemical oxide 
removal proceSS is carried out at a pressure of about 8 
millitorr or below. 

11. The method of claim 1 wherein said high-k, high 
temperature metal oxide is Al-O or TiO2 or any other oxide 
that is capable of withstanding degradation using a 950 
1050 C., 10 second anneal. 

12. The method of claim 1 wherein said high-k, high 
temperature metal oxide is formed by a deposition process 
Selected from the group consisting of chemical vapor depo 
Sition (CVD), plasma-assisted CVD, Sputtering, atomic 
layer deposition and other like deposition processes. 

13. The method of claim 1 wherein said high-k, high 
temperature metal oxide has a thickness of from about 5 to 
about 30 A. 

14. The method of claim 1 wherein said gate conductor is 
polysilicon, W, Ta, TiN and other like conductors. 

15. The method of claim 1 wherein step (g) comprises a 
damascene processing Step, wherein a chemical etchant is 
employed. 

16. A method of forming a MOSFET device having low 
overlap capacitance and a short channel length comprising 
the Steps of: 

(i) providing a semiconductor Structure having a dummy 
film Stack formed on a Surface of a Substrate, Said 
dummy film Stack comprising at least a pad oxide layer 



US 2002/0028555 A1 

formed on Said Surface of Said Substrate, a polysilicon 
layer on Said pad oxide layer, and a SiO2 layer formed 
on Said polysilicon layer; 

(ii) removing Selective portions of Said dummy film Stack 
Stopping on Said pad oxide layer So as to provide a 
patterned dummy gate region; 

(iii) removing said SiO2 layer from Said patterned dummy 
gate region, 

(iv) forming activated Source/drain extensions in said 
Substrate beneath Said dummy gate region; 

(v) forming spacers on Sidewalls of Said dummy gate 
region; 

(vi) forming activated Source/drain regions in said Sub 
Strate, 

(vii) forming Silicide regions in portions of Said pad oxide 
layer and in Said polysilicon layer of Said dummy gate 
region; 

(viii) forming an insulator layer Surrounding said dummy 
gate region, 

(ix) planarizing Said insulator layer stopping at said 
polysilicon layer in Said dummy gate region; 

(x) forming an opening So as to expose a portion of said 
Substrate, Said opening being formed by removing Said 
polysilicon layer of Said dummy gate and by tapering a 
portion of Said pad oxide layer of Said dummy gate; 

(xi) forming a high-k, low-temperature metal oxide in 
Said opening, and 

(xii) filling said opening with a gate conductor deposited 
at low temperatures 

17. The method of claim 16 wherein said Substrate 
includes isolation regions formed therein. 

18. The method of claim 17 wherein said isolation regions 
include an oxide liner and a trench dielectric material. 

19. The method of claim 16 wherein said Substrate is a 
Semiconducting material Selected from the group consisting 
of Si, Ge, SiGe, GaAs, InAS, InP and layered semiconduc 
torS. 

20. The method of claim 16 wherein step (i) comprises 
providing a resist, patterning Said resist and etching areas not 
including the patterned resist. 
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21. The method of claim 16 wherein said SiO layer is 
removed utilizing a chemical etchant. 

22. The method of claim 16 wherein said insulator layer 
is formed by a deposition process Selected from the group 
consisting of CVD, low pressure CVD, plasma-assisted 
CVD and other like deposition processes that are capable of 
forming a conformal layer. 

23. The method of claim 16 wherein said planarizing is 
carried out by chemical-mechanical polishing or grinding. 

24. The method of claim 16 wherein step (x) is conducted 
utilizing a chemical oxide removal proceSS. 

25. The method of claim 24 wherein said chemical oxide 
removal process is conducted in a vapor of HF and NH. 

26. The method of claim 24 wherein said chemical oxide 
removal proceSS is carried out at a pressure of about 8 
millitorr or below. 

27. The method of claim 1 wherein said high-k, low 
temperature metal oxide is ZrO, barium titanate, Strontium 
titanate and barium Strontium titanate, or any other oxide 
that degrades when a 950-1050 C., 10 second anneal is 
employed. 

28. The method of claim 16 wherein said high-k, low 
temperature metal oxide is formed by a deposition process 
Selected from the group consisting of chemical vapor depo 
Sition (CVD), plasma-assisted CVD, Sputtering, atomic 
layer deposition and other like deposition processes. 

29. The method of claim 16 wherein said high-k, low 
temperature metal oxide has a thickness of from about 5 to 
about 30 A. 

30. The method of claim 16 wherein said high-k, low 
temperature oxide is annealed in N at a temperature of 
about 950 C. or below and for a time period of from about 
30 seconds or less. 

31. The method of claim 16 wherein said gate conductor 
is polysilicon, W, Ta, TiN and other like conductors. 

32. A MOSFET device comprising at least one gate region 
formed on a Semiconductor Substrate, Said gate region 
comprising a gate conductor, a gate insulator and Spacers, 
Said gate insulator is a high-k metal oxide having a dielectric 
constant of greater than 7.0, Said gate region further com 
prising a Sub-lithographic channel formed beneath Said gate 
insulator, wherein Said channel length is determined by 
forming a portion of Said gate insulator on a tapered pad 
oxide layer. 


