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A metal oxide semiconductor ?eld effect transistor structure 
and a method for fabricating the metal oxide semiconductor 
?eld effect transistor structure provide for a halo region that is 
physically separated from a gate dielectric. The structure and 
the method also provide for a halo region aperture formed 
horizontally and crystallographically speci?cally Within a 
channel region pedestal Within the metal oxide semiconduc 
tor ?eld effect transistor structure. The halo region aperture is 
?lled With a halo region formed using an epitaxial method, 
thus the halo region may be formed physically separated from 
the gate dielectric. As a result, performance of the metal oxide 
semiconductor ?eld effect transistor is enhanced. 
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MOSFET INCLUDING EPITAXIAL HALO 
REGION 

BACKGROUND 

[0001] 1. Field of the Invention 
[0002] The invention relates generally to metal oxide semi 
conductor ?eld effect transistor (MOSFET) structures, and 
methods for fabrication thereof. More particularly, the inven 
tion relates to metal oxide semiconductor ?eld effect transis 
tor structures that include Well de?ned halo regions, and 
methods for fabrication thereof. 
[0003] 2. Description of the Related Art 
[0004] Semiconductor structures include semiconductor 
substrates Within and upon Which are formed semiconductor 
devices, such as but not limited to resistors, transistors, diodes 
and capacitors. The semiconductor devices are connected and 
interconnected using patterned conductor layers that are 
separated by dielectric layers. A particularly common semi 
conductor device that is used for fabricating semiconductor 
structures is a metal oxide semiconductor ?eld effect transis 
tor. Such a metal oxide semiconductor ?eld effect transistor 
comprises a gate located and formed over a gate dielectric that 
in turn is located and formed over a channel region Within a 
semiconductor substrate that separates a plurality of source 
and drain regions Within the semiconductor substrate. Metal 
oxide semiconductor ?eld effect transistors have been suc 
cessfully scaled in dimension over the period of several 
decades to provide semiconductor circuits With continuously 
enhanced functionality and continuously enhanced perfor 
mance. 

[0005] A particular structural element that is desirable 
Within a metal oxide semiconductor ?eld effect transistor is a 
halo region of different, and typically opposite, polarity of the 
source region and the drain region (Which hereinafter Will be 
referred to as source and drain regions). Such a halo region, 
that is located interposed betWeen the source and drain 
regions and the channel region, is intended to provide 
enhanced channel isolation Within a metal oxide semiconduc 
tor ?eld effect transistor. Unfortunately, since halo regions are 
typically formed using a large angle tilt ion implantation 
method When a gate and gate dielectric are in place and used 
as an ion implantation mask, halo region implantation ions 
routinely compromise performance of ?eld effect transistor 
devices insofar as halo region implantation ions provide 
undesirable residual halo region implantation atoms physi 
cally at or near a gate dielectric. 

[0006] Thus, desirable Within the semiconductor fabrica 
tion art are metal oxide semiconductor ?eld effect transistor 
structures that include Well de?ned halo regions that are 
physically separated from gate dielectrics. 

SUMMARY 

[0007] The invention provides a metal oxide semiconduc 
tor ?eld effect transistor structure that includes a Well de?ned 
halo region that is physically separated from a gate dielectric, 
and a method for fabricating the metal oxide semiconductor 
?eld effect transistor structure that includes the Well de?ned 
halo region that is physically separated from the gate dielec 
tric. The particular metal oxide semiconductor ?eld effect 
transistor structure and method in accordance With the inven 
tion are predicated upon a halo region Within a metal oxide 
semiconductor ?eld effect transistor that is groWn as an epi 
taxial halo region rather than formed as an ion implanted halo 
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region. By groWing the halo region as the epitaxial halo 
region rather than implanting the halo region as the implanted 
halo region, the halo region may be formed With better 
de?ned boundaries that include Well de?ned boundaries, that 
in turn are physically separated from a gate dielectric. As a 
result of the better de?ned halo region boundaries that com 
prise Well de?ned boundaries that are physically separated 
from the gate dielectric, the metal oxide semiconductor ?eld 
effect transistor may be fabricated to provide enhanced per 
formance Within the context of improved carrier mobility. 
[0008] Within the context of the embodiment and the inven 
tion, “Well de?ned” boundaries of an epitaxial halo region in 
comparison With an implanted halo region are intended as 
boundaries that are suf?ciently contained so that halo dopant 
atoms are not present Within a distance less than 5 nanometers 
from a gate dielectric. Preferably, such halo atoms are located 
at a distance at least 15 nanometers, and preferably from 5 to 
15 nanometers from the gate dielectric. 

[0009] A particular metal oxide semiconductor ?eld effect 
transistor structure in accordance With the invention includes 
a gate located over a gate dielectric. The gate dielectric in turn 
is located over a channel region Within a semiconductor sub 
strate that separates a plurality of source and drain regions 
Within the semiconductor substrate. This particular metal 
oxide semiconductor ?eld effect transistor structure also 
includes at least one halo region located at least in-part 
beneath the channel region and physically separated from the 
gate dielectric. 
[0010] A particular method for fabricating a metal oxide 
semiconductor ?eld effect transistor in accordance With the 
invention includes forming a gate over a gate dielectric. The 
gate dielectric in turn is formed over a channel region Within 
a semiconductor substrate that separates a plurality of source 
and drain regions Within the semiconductor substrate. This 
particular method also includes forming at least one halo 
region located at least in-part beneath the channel region and 
physically separated from the gate dielectric. 
[0011] Another particular method for fabricating a metal 
oxide semiconductor ?eld effect transistor in accordance With 
the invention includes forming a gate over a gate dielectric. 
The gate dielectric in turn is formed over a semiconductor 
substrate. This other particular method also includes etching 
vertically the semiconductor substrate While using at least 
in-part the gate as a mask, to form a channel region pedestal 
Within the semiconductor substrate. This other particular 
method also includes etching horiZontally and crystallo 
graphically speci?cally the channel region pedestal to pro 
vide at least one halo region aperture Within the channel 
region pedestal that is de?ned at least in-part by a crystallo 
graphic plane of the semiconductor substrate. The at least one 
halo region aperture is physically separated from the gate 
dielectric. This other particular method also includes forming 
at least in-part horizontally epitaxially a halo region into the 
halo region aperture. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The objects, features and advantages of the inven 
tion are understood Within the context of the Description of 
the Preferred Embodiment, a set forth beloW. The Description 
of the Preferred Embodiment is understood Within the context 
of the accompanying draWings, that form a material part of 
this disclosure Wherein: 
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[0013] FIG. 1 is a schematic cross-sectional diagram illus 
trating an initial structure that can be employed in the present 
invention after gate formation. 
[0014] FIG. 2 is a schematic cross-sectional diagram illus 
trating the structure of FIG. 1 after extension region, channel 
region and ?rst spacer formation. 
[0015] FIG. 3 is a schematic cross-sectional diagram illus 
trating the structure of FIG. 2 after second spacer formation. 
[0016] FIG. 4 is a schematic cross-sectional diagram illus 
trating the structure of FIG. 3 after vertical semiconductor 
substrate etching. 
[0017] FIG. 5 is a schematic cross-sectional diagram illus 
trating the structure of FIG. 4 after horizontal crystallographi 
cally speci?c semiconductor substrate etching. 
[0018] FIG. 6 is a schematic cross-sectional diagram illus 
trating the structure of FIG. 5 after epitaxial halo layer for 
mation. 
[0019] FIG. 7 is a schematic cross-sectional diagram illus 
trating the structure of FIG. 6 after epitaxial halo region 
patterning. 
[0020] FIG. 8 is a schematic cross-sectional diagram illus 
trating the structure of FIG. 7 after epitaxial source and drain 
layer back?ll. 
[0021] FIG. 9 is a schematic cross-sectional diagram illus 
trating the structure of FIG. 8 after silicide layer formation. 
[0022] FIG. 10 shoWs a graph illustrating the results of 
threshold voltage roll-off performance of a metal oxide semi 
conductor ?eld effect transistors fabricated in accordance 
With the invention (i.e., using an epitaxial halo region) in 
comparison With a metal oxide semiconductor ?eld effect 
transistor not fabricated in accordance With the invention (i .e., 
using a conventional ion implanted halo region). 
[0023] FIG. 11 shoWs a graph illustrating the results of 
drain induced barrier loWering performance of a metal oxide 
semiconductor ?eld effect transistors fabricated in accor 
dance With the invention (i.e., using an epitaxial halo region) 
in comparison With a metal oxide semiconductor ?eld effect 
transistor not fabricated in accordance With the invention (i .e., 
using a conventional ion implanted halo region). 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0024] The invention, Which includes a particular metal 
oxide semiconductor ?eld effect transistor structure and a 
particular method for fabricating the particular metal oxide 
semiconductor ?eld effect transistor structure, is understood 
Within the context of the description set forth beloW. The 
description set forth beloW is understood Within the context of 
the draWings described above. Since the draWings are 
intended for illustrative purposes, the draWings are not nec 
essarily draWn to scale. 
[0025] FIG. 1 to FIG. 9 shoW a series of schematic cross 
sectional diagrams illustrating the results of progressive 
stages in fabricating a metal oxide semiconductor ?eld effect 
transistor structure in accordance With a particular embodi 
ment of the invention. This particular embodiment of the 
invention comprises a sole embodiment of the invention. FIG. 
1 shoWs a schematic cross-sectional diagram of the metal 
oxide semiconductor ?eld effect transistor structure at an 
early stage in the fabrication thereof in accordance With this 
particular sole embodiment of the invention. 
[0026] FIG. 1 shoWs a semiconductor structure that 
includes, in-part: (l) a ?rst semiconductor layer 10 (i.e. Which 
may comprise a bulk semiconductor substrate); (2) a second 
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semiconductor layer 12 located and formed upon the ?rst 
semiconductor layer 10; (3) a third semiconductor layer 14 
located and formed upon the second semiconductor layer 12; 
and (4) a fourth semiconductor layer 16 located and formed 
upon the third semiconductor layer 14. 
[0027] Within the schematic cross-sectional diagram of 
FIG. 1, and in accordance With this particular embodiment, 
adjoining semiconductor layers Within the ?rst semiconduc 
tor layer 10, the second semiconductor layer 12, the third 
semiconductor layer 14 and the fourth semiconductor layer 
16 comprise different semiconductor materials that have dif 
ferent etch characteristics. Thus, typically and preferably, and 
While not limiting the embodiment or the invention: (1) the 
?rst semiconductor layer 10 and the third semiconductor 
layer 14 comprise a ?rst semiconductor material; and (2) the 
second semiconductor layer 12 and the fourth semiconductor 
layer 16 comprise a second semiconductor material that is 
different than the ?rst semiconductor material. The foregoing 
designations and selections do not, hoWever, limit the 
embodiment or the invention. 

[0028] Each of the ?rst semiconductor material and the 
second semiconductor material may comprise any of several 
semiconductor materials. Non-limiting examples of candi 
date semiconductor materials for each of the ?rst semicon 
ductor material and the second semiconductor material 
include silicon, germanium, silicon-germanium alloy, sili 
con-carbon alloy, silicon-germanium-carbon alloy and com 
pound (i.e., III-V and II-VI) semiconductor materials. Non 
limiting examples of compound semiconductor materials 
include gallium arsenide, indium arsenide and indium phos 
phide semiconductor materials. 
[0029] Typically, and for exemplary purposes, the ?rst 
semiconductor layer 10 comprises a silicon semiconductor 
material that has a thickness from 0.05 to 750 micrometers 
and the third semiconductor layer 14 comprises the same 
silicon semiconductor material that has a thickness from 20 to 
50 nanometers. Typically, and also for exemplary purposes, 
the second semiconductor layer 12 comprises a silicon-ger 
manium alloy semiconductor material that has a germanium 
content from 2 to 5 atomic percent and a thickness from 5 to 
10 nanometers, and the fourth semiconductor layer 16 com 
prises a silicon-germanium alloy semiconductor material that 
also has the germanium content from 2 to 15 atomic percent 
and a thickness from 5 to 10 nanometers. The foregoing 
semiconductor materials selections are intended as illustra 
tive of the invention rather than limiting of the invention. 
Alternative semiconductor materials selections, including but 
not limited to reversed semiconductor materials selections, 
are also plausible and not precluded Within the embodiment 
and the invention. 

[0030] As is also understood by a person skilled in the art, 
each of the ?rst semiconductor layer 10, the second semicon 
ductor layer 12, the third semiconductor layer 14 and the 
fourth semiconductor layer 16 comprises a dopant of polarity 
and concentration appropriate to a metal oxide semiconduc 
tor ?eld effect transistor desired to be fabricated incident to 
further processing of the semiconductor structure Whose 
schematic cross-sectional diagram is illustrated in FIG. 1. 
[0031] Similarly, although the particular embodiment of 
the invention that is illustrated in FIG. 1 illustrates the inven 
tion Within the context of a nominally bulk semiconductor 
substrate that includes, in a sequentially layered and stacked 
fashion: (1) the ?rst semiconductor layer 10; (2) the second 
semiconductor layer 12 located and formed upon the ?rst 
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semiconductor layer 10; (3) the third semiconductor layer 14 
located and formed upon the second semiconductor layer; 
and (4) the fourth semiconductor layer 16 located and formed 
upon the third semiconductor layer 14, neither this particular 
embodiment, nor the invention in general, is necessarily 
intended to be so limited. Rather, the particular embodiment, 
as Well as the invention, may also be practiced using a semi 
conductor-on-insulator substrate that includes, in-par‘t, a base 
semiconductor substrate separated from a surface semicon 
ductor layer by a buried dielectric layer. Alternatively, the 
particular embodiment, as Well as the invention, may also be 
practiced using a hybrid orientation substrate that includes 
multiple semiconductor material layers of different crystal 
lographic orientation supported upon a single substrate. 
[0032] Semiconductor-on-insulator substrates and hybrid 
orientation substrates may be fabricated using any of several 
methods, including but not limited to layer laminating meth 
ods, layer transfer methods and separation by implantation of 
oxygen (SIMOX) methods. In contrast, the nominally bulk 
semiconductor substrate Within the semiconductor structure 
that is illustrated in FIG. 1 is typically, although not neces 
sarily exclusively, fabricated using a sequential epitaxial 
deposition method. 
[0033] FIG. 1 also shoWs: (1) a gate dielectric 18 located 
and formed upon the fourth semiconductor layer 16; (2) a gate 
20 located and formed upon the gate dielectric 18; and (3) a 
capping layer 22 located and formed upon the gate 20. Each 
of the foregoing layers and structures may comprise materials 
and have dimensions that are conventional in the semicon 
ductor fabrication art. Each of the foregoing layers and struc 
tures may also be formed using methods that are conventional 
in the semiconductor fabrication art. 
[0034] The gate dielectric 18 may comprise conventional 
dielectric materials such as oxides, nitrides and oxynitrides of 
silicon that have a dielectric constant from about 4 to about 
20, measured in vacuum. Alternatively, the gate dielectric 18 
may comprise generally higher dielectric constant gate 
dielectric materials having a dielectric constant from about 20 
to at least about 100. Such generally higher dielectric constant 
dielectric materials may include, but are not limited to 
hafnium oxides, hafnium silicates, titanium oxides, barium 
strontium-titantates (BSTs) and lead-Zirconate-titanates 
(PZTs). 
[0035] The gate dielectric 18 may be formed using any of 
several methods that are appropriate to its material of com 
position. lncluded, but not limiting, are thermal or plasma 
oxidation or nitridation methods, chemical vapor deposition 
methods and physical vapor deposition methods. Typically, 
the gate dielectric 18 comprises a thermal silicon oxide 
dielectric material that has a thickness from 0.5 to 2 nanom 
eters or a higher dielectric constant dielectric material, that 
has a thickness from 1 to 3 nanometers. 

[0036] The gate 20 may comprise gate conductor materials 
including, but not limited to, certain metals, metal alloys, 
metal nitrides and metal silicides, as Well as laminates thereof 
and composites thereof. The gate 20 may also comprise 
doped polysilicon and doped polysilicon-germanium alloy 
materials (i.e., having a dopant concentration from about 
1e18 to about 1e22 dopant atoms per cubic centimeter) and 
polycide materials (doped polysilicon/metal silicide stack 
materials). Similarly, the foregoing materials may also be 
formed using any of several methods. Non-limiting examples 
include salicide methods, chemical vapor deposition methods 
and physical vapor deposition methods, such as, but not lim 
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ited to evaporative methods and sputtering methods. Typi 
cally, the gate 20 comprises a doped polysilicon material or a 
metal gate material that has a thickness from about 200 to 
about 1500 angstroms. 

[0037] The capping layer 22, Which may be optional in 
some embodiments of the invention, may comprise any of 
several capping materials that Will generally comprise hard 
mask materials. Dielectric capping materials are most com 
mon, but are also not limiting. The dielectric capping mate 
rials may include, but are not limited to oxides, nitrides and 
oxynitrides of silicon, but oxides, nitrides and oxynitrides of 
other elements are not excluded. The dielectric capping mate 
rials may be formed using any of the several methods that may 
be used for forming the gate dielectric 18. Typically, the 
capping layer 22 comprises a silicon nitride dielectric cap 
ping material that has a thickness from 10 to 50 nanometers. 

[0038] FIG. 2 shoWs a ?rst spacer 26 located and formed 
adjacent and adjoining the sideWalls of the gate dielectric 18, 
the gate 20 and the capping layer 22. The ?rst spacer 26 is 
typically and preferably formed of a dielectric material 
selected from the same group of dielectric materials as the 
capping layer 22, and to that end, the ?rst spacer 26 and the 
capping layer 22 are desirably formed of the same dielectric 
material, Which as noted above is typically a silicon nitride 
dielectric material. As is understood by a person skilled in the 
art, the ?rst spacer 26 (Which although illustrated as plural 
layers in FIG. 2 is intended as a single layer surrounding the 
capping layer 22, the gate 20 and the gate dielectric 18 in 
plan-vieW) is typically formed using a blanket layer deposi 
tion and anisotropic etchback method. 
[0039] FIG. 2 also shoWs a fourth semiconductor layer 16' 
that results from patterning of the fourth semiconductor layer 
16 that is illustrated in FIG. 1, While using the gate dielectric 
18, the gate 20, the capping layer 22 and the ?rst spacer 26 as 
a mask. Finally, FIG. 2 also shoWs a plurality of extension 
regions 24 located and formed at opposite ends of the fourth 
semiconductor layer 16'. 
[0040] To fabricate the semiconductor structure of FIG. 2 
from the semiconductor structure of FIG. 1, and prior to 
forming the ?rst spacer 26 and patterning the fourth semicon 
ductor layer 16 to form the fourth semiconductor layer 16' as 
described above, the exposed portions of the fourth semicon 
ductor layer 16 are implanted to form elongated extension 
regions that include the extension regions 24. When forming 
such elongated extension regions that include the extension 
regions 24, the fourth semiconductor layer 16 is implanted 
With a dopant of polarity appropriate to a polarity of a metal 
oxide semiconductor ?eld effect transistor desired to be fab 
ricated incident to further processing of the semiconductor 
structure of FIG. 2. Such an appropriate dopant concentration 
in the extension regions 24 typically ranges from 1019 to 
1020 dopant atoms per cubic centimeter. 

[0041] Subsequent to forming the elongated extension 
regions that include the extension regions 24, the ?rst spacer 
26 is formed using a blanket layer deposition and etchback 
method that (as noted above) Will typically and preferably 
provide the ?rst spacer 26 of the same dielectric material as 
the capping layer 22. Finally, the fourth semiconductor layer 
16 that includes the elongated extension regions that further 
include the extension regions 24 that in turn are separated by 
a channel region located beneath the gate 20, is patterned to 
form the fourth semiconductor layer 16'. Such patterning is 
typically effected using an anisotropic plasma etch method 
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that uses the gate dielectric 18, the gate 20, the capping layer 
22 and the ?rst spacer 26 as a mask. 

[0042] FIG. 3 ?rst shoWs a conformal etch stop layer 28 
located and formed upon the semiconductor structure of FIG. 
2, including exposed surfaces of the third semiconductor 
layer 14, the fourth semiconductor layer 16', the ?rst spacer 
26 and the capping layer 22. The conformal etch stop layer 28 
may comprise any of several etch stop materials, including 
but not limited to conductor etch stop materials, dielectric 
etch stop materials and semiconductor etch stop materials. 
Typically, the conformal etch stop layer comprises a dielec 
tric etch stop material selected from the same group of dielec 
tric materials that may be used for forming the spacer 26 and 
the capping layer 22. HoWever, for etch selectivity and etch 
stop purposes, the conformal etch stop layer 28 comprises a 
different dielectric material in comparison With the ?rst 
spacer 26 and the capping layer 22. Typically, but not neces 
sarily exclusively, the conformal etch stop layer 28 comprises 
a silicon oxide material that has a thickness from 3 to 15 
nanometers, When the ?rst spacer 26 and the capping layer 22 
comprise a silicon nitride material. 
[0043] FIG. 3 also shoWs a second spacer 30 located and 
formed upon the conformal etch stop layer 28 at a location 
adjacent the ?rst spacer 26 and the extension regions 24. The 
second spacer 30 typically comprises the same material, such 
as but not limited to a silicon nitride dielectric material, that is 
used for forming the ?rst spacer 26. The second spacer 30 is 
typically also formed using the same blanket layer deposition 
and anisotropic etchback method that is used for forming the 
?rst spacer 26. Alternative methods and materials may also be 
used for forming the second spacer 26 provided that such 
alternative materials alloW for adequate etch selectivity 
Within the context of the material from Which is comprised the 
conformal etch stop layer 28. 
[0044] FIG. 4 shoWs the results of vertically etching the 
conformal etch stop layer 28 and the third semiconductor 
layer 14 to provide a conformal etch stop layer 28' and a third 
semiconductor layer 14', While using the second spacer 30, 
the conformal etch stop layer 28', the ?rst spacer 26, the 
capping layer 22, the gate 20, the gate dielectric 18 and the 
fourth semiconductor layer 16' as a mask. 

[0045] The foregoing etching of the conformal etch stop 
layer 28 and the third semiconductor layer 14 to provide the 
conformal etch stop layer 28' and the third semiconductor 
layer 14' may be effected using methods and materials that are 
otherWise generally conventional in the semiconductor fab 
rication art. Included in particular, but also not limiting, are 
Wet chemical etch methods and materials, and dry plasma 
etch methods and materials. In accordance With disclosure 
above, anisotropic dry plasma etch methods and materials are 
generally preferred insofar as anisotropic dry plasma etch 
methods and materials generally provide straight sideWalls 
When forming patterned layers. 
[0046] Within the context of the invention as claimed, the 
third semiconductor layer 14', in conjunction With and With 
respect to the channel portion of the fourth semiconductor 
layer 16', may be considered as a channel pedestal. 
[0047] FIG. 5 shoWs the results of a horizontally direction 
ally speci?cally and crystallographically speci?cally etching 
the third semiconductor layer 14', as Well as a vertically 
crystallographically speci?cally etching the second semicon 
ductor layer 12 and the ?rst semiconductor layer 10, to pro 
vide: (1) a corresponding third semiconductor layer 14" 
located and formed primarily beneath the fourth semiconduc 
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tor layer 16'; as Well as (2) a second semiconductor layer 12' 
located and formed beneath the third semiconductor layer 
14"; and (3) a ?rst semiconductor layer 10' located and 
formed beneath the second semiconductor layer 12'. 
[0048] The foregoing etching of the third semiconductor 
layer 14', the second semiconductor layer 12 and the ?rst 
semiconductor layer 10 may be effected, for example and 
Without limitation, When the ?rst semiconductor layer 10 and 
the third semiconductor layer 14 comprise a silicon semicon 
ductor material and the second semiconductor layer 12 com 
prises a silicon-germanium alloy semiconductor material, 
While using an etchant such as but not limited to an aqueous 
potassium hydroxide, ethylenediamine pyrocatechol (EDP) 
or tetramethylammonium hydroxide (TMAH) directionally 
and crystallographically speci?c etchant. In particular, sili 
con is etched directionally (i.e., anisotropically) and crystal 
lographically speci?cally in the foregoing etchants. These 
particular alkaline solution etchants are convenient and 
highly selective etchants for silicon, Where a silicon etching 
reaction proceeds in a <100> or a <110> crystallographic 
direction, but stops When an etch front reaches a {1 1 1 } plane. 
As is illustrated in phantom Within the schematic cross-sec 
tional diagram of FIG. 5, When the third semiconductor layer 
14' comprises a suf?ciently different semiconductor material 
in comparison With the second semiconductor layer 12, the 
second semiconductor layer 12 may serve as an etch stop 
When etching the third semiconductor layer 14' to form the 
third semiconductor layer 14", and under such circumstances 
both the second semiconductor layer 12 and the ?rst semi 
conductor layer 10 are not etched. 
[0049] Under circumstances Where the third semiconduc 
tor layer 14/14' comprises a (111) plane silicon semiconduc 
tor material or other semiconductor material, the third semi 
conductor layer 14" When etched With the above described 
etchant provides a plurality of crystallographic plane de?ned 
apertures A (i.e., a plurality of counter-opposed apertures) 
that has a crystallographic plane de?ned apex angle 0 of 109.4 
degrees for a (100) Wafer, if a source and drain direction is 
<110>, 70.6 degrees if a source and drain direction is <100>. 
[0050] FIG. 6 shoWs the results of forming a plurality of 
epitaxial halo layers 32 upon exposed surfaces of the ?rst 
semiconductor layer 10', the second semiconductor layer 12' 
and the third semiconductor layer 14". The plurality of epi 
taxial halo layers 32 comprises a semiconductor halo material 
including a dopant of appropriate polarity and appropriate 
concentration Within the context of the polarity of a metal 
oxide ?eld effect transistor desired to be fabricated incident to 
further processing of the semiconductor structure of FIG. 6. 

[0051] For example, and Without limitation, When further 
processing of the semiconductor structure of FIG. 6 is 
intended to provide a p-MOSFET, the epitaxial halo layer 32 
preferably comprises an n-doped (i.e., such as but not limited 
to arsenic doped) silicon-germanium alloy material that has 
an n-dopant concentration from 1018 to 2><10l9 n-dopant 
atoms per cubic centimeter and a germanium content from 1 
to 30 atomic percent. 

[0052] Also for example, and also Without limitation, When 
further processing of the semiconductor structure of FIG. 6 is 
intended to provide an n-MOSFET, the epitaxial halo layer 32 
preferably comprises a p-doped (i.e., such as but not limited to 
boron doped) silicon-carbon alloy material that has a 
p-dopant concentration from 1018 to 2><10l9 p-dopant atoms 
per cubic centimeter and a carbon content from 0.5 to 3 
atomic percent. 
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[0053] Typically and preferably, the epitaxial halo layer 32 
is formed to a thickness from 7 to 20 nanometers, Where such 
a thickness is intended as a su?icient thickness to ?ll the 
apertures A Within the third semiconductor layer 14" that are 
illustrated Within the schematic cross-sectional diagram of 
FIG. 5. 

[0054] FIG. 7 shoWs the results of etching the epitaxial halo 
layers 32 that are illustrated Within the schematic cross-sec 
tional diagram of FIG. 6 to provide a plurality of epitaxial 
halo regions 32' that completely ?ll and are limited to the 
dimensions of the apertures A that are located and formed 
Within the third semiconductor layer 14", as illustrated in 
FIG. 5. As is illustrated Within the schematic cross-sectional 
diagram of FIG. 7, the epitaxial halo regions 32' do not extend 
beyond the outer edges of the second spacer 30, Which in turn 
serves in part as a mask When forming the epitaxial halo 
regions 32'. The epitaxial halo layers 32 that are illustrated in 
FIG. 6 may be etched to provide the epitaxial halo regions 32' 
that are illustrated in FIG. 7 While using etch methods and 
etch materials that are otherWise generally conventional in the 
semiconductor fabrication art. Included in particular, but also 
not generally limiting, are Wet chemical etch methods and 
materials, dry plasma etch methods and materials, and com 
binations of Wet chemical etch methods and materials and dry 
plasma etch methods and materials. As is noted above, aniso 
tropic dry plasma etch methods and materials are generally 
preferred When etching the epitaxial halo layers 32 to provide 
the epitaxial halo regions 32', insofar as dry plasma etch 
methods and materials typically provide straighter sideWalls 
to etched layers, in comparison With Wet chemical etch meth 
ods and materials. Thus, as is illustrated Within the schematic 
cross-sectional diagram of FIG. 7, the epitaxial halo layers 32 
that are illustrated in FIG. 6 are typically etched to provide the 
epitaxial halo regions 32' that are illustrated in FIG. 7 While 
using dry plasma etch methods and materials. 
[0055] FIG. 8 ?rst shoWs the results of stripping the second 
spacer 30 and the conformal etch stop layer 28' from the 
semiconductor structure of FIG. 7. The second spacer 30 and 
the conformal etch stop layer 28' may typically be stripped 
from the semiconductor structure of FIG. 7 to provide in-part 
the semiconductor structure of FIG. 8 While using stripping 
methods and stripping materials that are otherWise generally 
conventional in the semiconductor fabrication art. Included in 
particular, but generally not limiting, are Wet chemical etch 
methods and materials and dry plasma etch methods and 
materials. Typically and preferably, the second spacer 30 
When comprising a silicon nitride material may be stripped 
selectively With respect to the conformal etch stop layer 28' 
While using an aqueous phosphoric acid etchant, at elevated 
temperature. Under such circumstances, a portion of the cap 
ping layer 22, if also comprised of a silicon nitride material, 
may also be etched. 

[0056] Typically and preferably, the conformal etch stop 
layer 28' When comprising a silicon oxide material may be 
stripped selectively With respect to the ?rst spacer 26 and the 
capping layer 22 When comprising a nitride material, by using 
an aqueous hydro?uoric acid etchant at elevated temperature. 
[0057] FIG. 8 also shoWs a plurality of epitaxial source and 
drain layers 34 located and formed upon exposed surfaces of 
the ?rst semiconductor layer 10', the second semiconductor 
layer 12', the epitaxial halo regions 32' and the extension 
region 24 portions of the fourth semiconductor layer 16'. In 
conjunction With the plurality of extension regions 24, the 
plurality of source and drain layers 34 provide source and 
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drain regions Within the metal oxide semiconductor ?eld 
effect transistor Whose schematic cross-sectional diagram is 
illustrated in FIG. 8. 
[0058] The epitaxial source and drain layers 34 may be 
formed using epitaxial methods and materials that are other 
Wise generally conventional in the semiconductor fabrication 
art. 

[0059] While by no means intending to limit the embodi 
ment or the invention, under circumstances Where the metal 
oxide semiconductor ?eld effect transistor structure Whose 
schematic cross-sectional diagram is illustrated in FIG. 8 is 
intended as a p-MOSFET, the epitaxial source and drain 
layers 34 may bene?cially comprise a p-doped (i.e., boron 
doped) silicon-germanium alloy semiconductor material that 
has a p-dopant concentration from 1020 to 1021 p-dopant 
atoms per cubic centimeter and a germanium content from 15 
to 35 atomic percent. 
[0060] In addition, under circumstances Where the metal 
oxide semiconductor ?eld effect transistor structure Whose 
schematic cross-sectional diagram is illustrated in FIG. 8 is 
intended as an n-MOSFET, the epitaxial source and drain 
layers 34 may comprise an n-doped (i.e., such as a phospho 
rus doped) silicon-carbon alloy material having an n-dopant 
concentration from 1020 to 1021 atoms per cubic centimeter 
and a carbon content from 0.5 to 3 atomic percent. 
[0061] FIG. 9 ?rst shoWs the results of stripping the ?rst 
spacer 26 and the capping layer 22 from the gate 20 Within the 
metal oxide semiconductor ?eld effect transistor structure of 
FIG. 8. The ?rst spacer 26 and the capping layer 22 may be 
stripped from the gate 20 Within the metal oxide semiconduc 
tor ?eld effect transistor structure of FIG. 8 to provide in-part 
the metal oxide semiconductor ?eld effect transistor structure 
of FIG. 9 While using stripping methods and stripping mate 
rials that are otherWise generally conventional in the semi 
conductor fabrication art. Included in particular, but also not 
limiting are Wet chemical stripping methods and stripping 
materials and dry plasma stripping methods and materials. 
[0062] FIG. 9 also shoWs a third spacer 36 located and 
formed adjacent and adjoining sideWalls of the gate dielectric 
18 and the gate 20. The third spacer 36 may be formed using 
methods and materials analogous, equivalent or identical to 
the methods and materials that are used for forming the ?rst 
spacer 26 that is illustrated in FIG. 2 or the second spacer 30 
that is illustrated in FIG. 3. Thus, the third spacer 36 Will 
typically also comprise a silicon nitride material, although 
this particular embodiment is not intended to be so limited. 
[0063] FIG. 9 further shoWs a plurality of silicide layers 38 
located and formed upon exposed portions of the gate 20 and 
the epitaxial source and drain layers 34. The silicide layer 38 
that is located and formed upon the gate 20 is only formed 
When the gate 20 comprises a silicon containing material, 
such as but not limited to polysilicon or polysilicon-germa 
nium alloy material. The silicide layers 38 may comprise any 
of several silicide forming metals. Non-limiting examples of 
candidate silicide forming metals include nickel, cobalt, tita 
nium, tungsten, erbium, ytterbium, platinum and vanadium 
silicide forming metals. Nickel and cobalt silicide forming 
metals are particularly common. Others of the above enumer 
ated silicide forming metals are less common. Typically, the 
silicide layers 38 are formed using a salicide method. 
[0064] The salicide method includes: (1) forming a blanket 
silicide forming metal layer upon the semiconductor structure 
of FIG. 8 after having stripped therefrom the ?rst spacer 26 
and the capping layer 22, and formed the third spacer 36; (2) 
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thermally annealing the blanket silicide forming metal layer 
With silicon surfaces Which it contacts to selectively form the 
silicide layers 38 While leaving unreacted metal silicide form 
ing metal layers on, for example, the third spacer 36; and (3) 
selectively stripping unreacted portions of the silicide form 
ing metal layers from, for example, the third spacer 36. 
[0065] Typically, the silicide layers 38 comprise a nickel 
silicide material or a cobalt silicide material that has a thick 

ness from about 10 to about 50 nanometers, although this 
particular illustrative embodiment is not intended to be so 
limited. In addition, the silicide layers 38 may comprise dif 
ferent silicide material for p-MOSFET devices and n-MOS 
FET devices, or alternatively source regions and drain regions 
With respect to gates, although such is also not intended as a 
limitation of the embodiment or of the invention. 

[0066] FIG. 9 shoWs a schematic cross-sectional diagram 
of a metal oxide semiconductor ?eld effect transistor struc 
ture in accordance With a particular embodiment of the inven 
tion that comprises a sole embodiment of the invention. 

[0067] The metal oxide semiconductor ?eld effect transis 
tor structure Whose schematic cross-sectional diagram is 
illustrated in FIG. 9 provides enhanced performance, by 
including the halo regions 32' that by the nature of epitaxial 
deposition fabrication thereof clearly have Well de?ned 
boundaries that are clearly separated from the gate dielectric 
18 Within the metal oxide semiconductor ?eld effect transis 
tor. Such clear separation of the epitaxial halo regions 32' 
from the gate dielectric 18 provides for enhanced perfor 
mance of the metal oxide semiconductor ?eld effect transistor 
Whose schematic cross-sectional diagram is illustrated in 
FIG. 9. 

[0068] In addition, although the schematic cross-sectional 
diagram of FIG. 9 illustrates the epitaxial halo regions 32' as 
formed as triangular regions With horiZontally counter-op 
posed apices, upon thermal annealing to provide dopant acti 
vation of the epitaxial halo regions 32', the junction bound 
aries of the epitaxial halo regions 32' are expected to diffuse 
interposed betWeen the horizontally counter-opposed apices 
and connect under certain separation distances and thermal 
annealing conditions, to form a single boW-tie shaped epi 
taxial halo region. 
[0069] FIG. 10 and FIG. 11 shoW a pair of graphs of elec 
trical performance enhancement for a metal oxide semicon 
ductor ?eld effect transistor fabricated in accordance With the 
embodiment and the invention. FIG. 10 shoWs graphical data 
for threshold voltage roll-off (Vt Roll-off) performance as a 
function of gate length. FIG. 11 shoWs graphical data for 
drain induced barrier loWering DIBL performance as a func 
tion of gate length. The data that are illustrated Within FIG. 10 
and FIG. 11 are directed toWards an n metal oxide semicon 
ductor ?eld effect transistor that is fabricated using generally 
conventional methods and material and that also include a 
gate length from 25 to 100 nanometers and a gate dielectric 
thickness of 1 nanometer. For comparison purposes, metal 
oxide semiconductor ?eld effect transistors Were fabricated 
using either an epitaxial halo region in accordance With the 
embodiment and the invention, or in an alternative a conven 
tional ion implanted halo region. 
[0070] FIG. 10 shoWs superior andhigherthreshold voltage 
roll-off values for a metal oxide semiconductor ?eld effect 
transistor fabricated using an epitaxial halo region EHR in 
comparison With a conventional ion implanted halo region 
NEHR. 
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[0071] FIG. 11 shoWs superior and loWer drain induced 
barrier loWering values for a metal oxide semiconductor ?eld 
effect transistor fabricated using an epitaxial halo region EHR 
in comparison With a conventional ion implanted halo region 
NEHR. 
[0072] The preferred embodiment is illustrative of the 
invention rather than limiting of the invention. Revisions and 
modi?cations may be made to methods, materials, structures 
and dimensions of a metal oxide semiconductor ?eld effect 
transistor in accordance With the preferred embodiment While 
still providing a metal oxide semiconductor ?eld effect tran 
sistor and a method for fabrication thereof in accordance With 
the invention, further in accordance With the accompanying 
claims. 

1. A semiconductor structure comprising: 
a gate located over a gate dielectric, the gate dielectric in 

turn located over a channel region Within a semiconduc 
tor substrate that separates a plurality of source regions 
and drain regions Within the semiconductor substrate; 
and 

at least one halo region located at least in-part beneath the 
channel region and physically separated from the gate 
dielectric, Wherein the at least one halo region comprises 
tWo counter-opposed halo regions each having a trian 
gular shape de?ned at least in-part by a crystallographic 
plane of the semiconductor substrate. 

2. The semiconductor structure of claim 1 Wherein the 
semiconductor substrate comprises a bulk semiconductor 
substrate. 

3. The semiconductor structure of claim 1 Wherein the 
semiconductor substrate comprises a semiconductor-on-in 
sulator substrate. 

4-5. (canceled) 
6. The semiconductor structure of claim 1 Wherein: 
the semiconductor structure comprises a p-MOSFET; 
the semiconductor substrate comprises at least in-part a 

silicon semiconductor material; 
the channel region comprises at least in-part a silicon 

germanium alloy semiconductor material; 
the plurality of source regions and drain regions comprises 

at least in-part a silicon-germanium alloy semiconductor 
material; and 

the at least one halo region comprises at least in-part a 
silicon-germanium alloy semiconductor material. 

7. The semiconductor structure of claim 1 Wherein: 
the semiconductor structure comprises an n-MOSFET; 
the semiconductor substrate comprises at least in-part a 

silicon semiconductor material; 
the channel region comprises at least in-part a silicon 

germanium alloy semiconductor material; 
the plurality of source regions and drain regions comprises 

at least in part a silicon-carbon alloy semiconductor 
material; and 

the at least one halo region comprises at least in-part a 
silicon-carbon alloy semiconductor material. 

8-20. (canceled) 
21. A semiconductor structure comprising: 
a gate located over a gate dielectric, the gate dielectric in 

turn located over a channel region Within a semiconduc 
tor substrate that separates a plurality of source regions 
and drain regions Within the semiconductor substrate; 
and 

at least one halo region located at least in-part beneath the 
channel region and physically separated from the gate 
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dielectric, wherein the semiconductor substrate com 
prises at least in-part a silicon semiconductor material, 
the channel region comprises at least in-part a silicon 
germanium alloy semiconductor material, the plurality 
of source regions and drain regions comprises at least 
in-part a silicon-germanium alloy semiconductor mate 
rial, and the at least one halo region comprises at least 
in-part a silicon-germanium alloy semiconductor mate 
rial. 

22. The semiconductor structure of claim 21 Wherein the 
semiconductor substrate comprises a bulk semiconductor 
substrate. 

23. The semiconductor structure of claim 21 Wherein the 
semiconductor substrate comprises a semiconductor-on-in 
sulator substrate. 

24. The semiconductor structure of claim 21 Wherein the at 
least one halo region comprises a single halo region compris 
ing a boW-tie shape. 

25. The semiconductor structure of claim 21 Wherein the at 
least one halo region comprises tWo counter-opposed halo 
regions each having a triangular shape de?ned at least in-part 
by a crystallographic plane of the semiconductor substrate. 

26. A semiconductor structure comprising: 

a gate located over a gate dielectric, the gate dielectric in 
turn located over a channel region Within a semiconduc 
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tor substrate that separates a plurality of source regions 
and drain regions Within the semiconductor substrate; 
and 

at least one halo region located at least in-part beneath the 
channel region and physically separated from the gate 
dielectric, Wherein the semiconductor substrate com 
prises at least in-part a silicon semiconductor material, 
the channel region comprises at least in-part a silicon 
germanium alloy semiconductor material, the plurality 
of source regions and drain regions comprises at least in 
part a silicon-carbon alloy semiconductor material, and 
the at least one halo region comprises at least in-part a 
silicon-carbon alloy semiconductor material. 

27. The semiconductor structure of claim 26 Wherein the 
semiconductor substrate comprises a bulk semiconductor 
substrate. 

28. The semiconductor structure of claim 26 Wherein the 
semiconductor substrate comprises a semiconductor-on-in 
sulator substrate. 

29. The semiconductor structure of claim 26 Wherein the at 
least one halo region comprises a single halo region compris 
ing a boW-tie shape. 

30. The semiconductor structure of claim 26 Wherein the at 
least one halo region comprises tWo counter-opposed halo 
regions each having a triangular shape de?ned at least in-part 
by a crystallographic plane of the semiconductor substrate. 

* * * * * 


