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FORMING A SEMICONDUCTOR STRUCTURE IN 
MANUFACTURING A SEMICONDUCTOR DEVICE 
USING ONE OR MORE EPITAXIAL GROWTH 

PROCESSES 

TECHNICAL FIELD 

[0001] This invention relates generally to semiconductor 
structures, and more particularly to forming a semiconductor 
structure in manufacturing a semiconductor device using 
one or more epitaxial groWth processes. 

BACKGROUND 

[0002] Integrated circuit fabrication often includes form 
ing one or more isolation regions to de?ne one or more 

active regions on a silicon or other substrate of a semicon 
ductor structure. One Way to form an isolation region is to 
form one or more trenches in the substrate using one or more 

etching processes While masking the substrate over What is 
to be the active region. As an example, this process may be 
referred to as shalloW trench isolation (STI). Subsequent to 
formation, a liner oxide layer may be formed in the trenches 
and the trenches may be ?lled With a ?ll oxide to form the 
isolation regions. The etching processes for forming the 
isolation regions may lead to problems that may degrade 
transistor performance. These problems may include a step 
height problem associated With the STI process (i.e. the “l/W 
effect”), stress created by the liner oxide used during the STI 
process, strained channels underlying a gate formed on the 
semiconductor structure, or other problems. 

[0003] Furthermore, the substrate and active regions may 
be doped With a dopant material such as boron using an 
implant process. An anneal process may be used to activate 
the dopant material, Which may cause undesirable levels of 
diffusion of the dopant material in the substrate. The com 
bined implant and anneal process for doping the active 
region may result in a doping gradient (i.e. the variation of 
dopant concentration With depth) that is not as steep as 
desired as Well as other problems. 

[0004] Integrated circuit fabrication may also include 
forming a transistor on an active region of the semiconduc 
tor structure. One Way to form a transistor on the surface of 
the active region is to implant dopant material into portions 
of the active region to form a source and drain of the 
transistor. A gate may be formed on a pad layer on the 
surface of the active region over a channel formed betWeen 
the source and the drain. Using previous techniques to form 
the transistor may degrade or otherWise limit performance of 
the transistor as a result of diffusion of the dopant material 
during an anneal process for activating the dopant material. 
Furthermore, the geometry of transistors formed according 
to previous techniques may limit or otherWise degrade 
transistor performance. 

SUMMARY OF THE INVENTION 

[0005] According to the present invention, disadvantages 
and problems associated With previous techniques for form 
ing semiconductor structures in manufacturing semiconduc 
tor devices may be reduced or eliminated. 

[0006] In one embodiment, a semiconductor structure 
used in manufacturing a semiconductor device includes a 
substrate layer. The semiconductor structure also includes 
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?rst and second isolation regions formed by etching an oxide 
layer provided on the substrate layer to de?ne an epitaxial 
groWth surface of the substrate layer for epitaxial groWth of 
a substrate material on the epitaxial groWth surface betWeen 
the ?rst and second isolation regions. The semiconductor 
structure also includes an active region including the epi 
taxially-groWn substrate material betWeen the ?rst and sec 
ond isolation regions, the active region formed by epitaxi 
ally groWing the substrate material on the epitaxial groWth 
surface of the substrate layer. 

[0007] In one embodiment, the semiconductor structure 
further includes a transistor that includes a pad layer pro 
vided on the active region and a gate formed on the pad 
layer. The transistor may include a substantially vertical 
isolation layer formed on each side of the gate and adapted 
to laterally isolate the gate. The transistor may also include 
an extender epitaxially groWn on the active region on each 
side of the gate, the isolation layer on each side of the gate 
laterally isolating the gate from the corresponding extender. 
Each extender may include either a p-type material or an 
n-type material and be adapted to serve as either a source or 
a drain for the transistor. The source and the drain may be 
formed independent of any process for implanting either a 
p-type material or an n-type material into the active region. 

[0008] Particular embodiments of the present invention 
may provide one or more technical advantages. For 
example, forming a semiconductor structure according to 
the present invention may change the production paradigm 
by reducing or eliminating the need for the implant and 
anneal steps. In certain embodiments, etching an oxide layer 
deposited on a substrate layer to form one or more isolation 
regions and epitaxially groWing a substrate material on an 
epitaxial groWth surface de?ned by the isolation regions 
may improve transistor performance because epitaxial 
groWth may be a relatively controlled process. In certain 
embodiments, this may reduce or eliminate an STI step 
height problem resulting from previous techniques for form 
ing isolation regions to de?ne active regions. Additionally, 
in certain embodiments, the relatively controlled epitaxial 
groWth process may be preferable When forming smaller 
semiconductor devices because the added control may 
improve scaling. Furthermore, in certain embodiments, pre 
vious STI etch and ?ll techniques for forming the isolation 
regions may involve etching a trench for each isolation 
region and introducing a liner oxide layer in each of the 
trenches, Which may lead to undesirable stress in the semi 
conductor structure. In certain embodiments, the liner oxide 
layer may not be introduced, Which may reduce or eliminate 
the undesirable stress. 

[0009] In certain embodiments, one or more dopant mate 
rials may be introduced into the epitaxially-groWn substrate 
material as the substrate material is epitaxially groWn, Which 
may eliminate the need for the relatively imprecise implant 
and anneal steps. In certain embodiments, reducing or 
eliminating the need to introduce dopants using the implant 
step may reduce or eliminate problems related to diffusion of 
dopant material during the anneal step. For example, in 
certain embodiments, epitaxial groWth alloWs the dopant 
material to be relatively precisely introduced into the sub 
strate material. In certain embodiments, this, along With the 
elimination of the need for the implant and anneal steps, may 
provide more freedom to tailor the doping gradient as 
desired. For example, in certain embodiments, introducing 
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the dopant material into the substrate material as it is 
epitaxially grown may allow the doping gradient to be made 
steeper. In certain embodiments, the epitaxial groWth pro 
cess may provide a relatively controlled process for intro 
ducing dopant material into the substrate material. In certain 
embodiments, the epitaxial groWth process may be a sub 
stantially self-aligned process When introducing dopant 
material into the substrate material, Whereas the implant and 
anneal steps may suffer from misalignment. Additionally, in 
certain embodiments, the dopant material may include ger 
manium (Ge). In these embodiments, the ability to relatively 
precisely introduce Ge in the epitaxially-groWn substrate 
material may improve stress-engineering of the semicon 
ductor structure. 

[0010] In certain embodiments, forming a transistor in the 
semiconductor structure using one or more substantially 
vertical isolation layers formed on each side of a gate of the 
transistor and one or more epitaxially-groWn extenders 
groWn on each side of the gate and adapted to serve as a 
source and drain of the transistor may improve transistor 
performance. For example, in certain embodiments, reduc 
ing or eliminating the need for the implant or anneal process 
for introducing a dopant material into the active region to 
form the source and drain of the transistor may reduce or 
eliminate problems associated With diffusion of the dopant 
material. Furthermore, in certain embodiments, using the 
epitaxially-groWn extenders to form the source and the drain 
of the transistor above the substrate surface may provide a 
better geometry for the transistor, Which may improve 
transistor performance. 

[0011] Certain embodiments of the present invention may 
provide some, all, or none of the above technical advantages. 
Certain embodiments may provide one or more other tech 
nical advantages, one or more of Which may be readily 
apparent to those skilled in the art from the ?gures, descrip 
tions, and claims included herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] For a more complete understanding of the present 
invention and features and advantages thereof, reference is 
noW made to the folloWing description, taken in conjunction 
With the accompanying draWings, in Which: 

[0013] FIGS. 1A-1D illustrate an example process for 
forming a semiconductor structure in manufacturing a semi 
conductor device, the semiconductor structure formed using 
one or more epitaxial groWth processes and having one or 
more isolation regions separating one or more active 
regions; and 

[0014] FIGS. 2A-2C illustrate an example process for 
forming a transistor of a semiconductor structure using an 
epitaxial groWth process. 

DESCRIPTION OF EXAMPLE EMBODIMENTS 

[0015] FIGS. 1A-1D illustrate an example process for 
forming a semiconductor structure 10 in manufacturing a 
semiconductor device, the semiconductor structure 10 
formed using one or more epitaxial groWth processes and 
having one or more isolation regions separating one or more 
active regions. In one embodiment, the semiconductor 
device includes a complementary metal oxide semiconduc 
tor (CMOS) device, such as a p-channel metal oxide semi 
conductor (PMOS) device or n-channel metal oxide semi 
conductor (NMOS) device. 
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[0016] As shoWn in FIG. 1A, an oxide layer 12 may be 
provided on a surface 14 of a silicon or other substrate layer 
16. While surface 14 is illustrated as being substantially ?at, 
surface 14 may have any suitable pro?le according to 
particular needs or manufacturing tolerances, for example. 
Oxide layer 12 may be groWn on surface 14 of substrate 
layer 16 using any suitable technique, deposited on surface 
14 of substrate layer 16 using any suitable technique, or 
otherWise provided on surface 14 of substrate layer 16. 
Oxide layer 12 may include silicon dioxide (SiO2) or any 
other material suitable for use as an oxide layer. In one 

embodiment, oxide layer 12 is approximately 400 nm thick, 
although the present invention contemplates oxide layer 12 
having any suitable thickness according to particular needs. 

[0017] As shoWn in FIG. 1B, oxide layer 12 may be 
etched to form isolation regions 18a, 18b, and 18c to de?ne 
epitaxial groWth surfaces 20a and 20b of substrate layer 16 
for epitaxial groWth of a substrate material on epitaxial 
groWth surfaces 20a and 20b betWeen isolation regions 18a, 
18b, and 18c. For purposes of this description, isolation 
regions 18a, 18b, and 18c may be referred to in the singular 
as isolation region 18 and in the plural as isolation regions 
18. Although three isolation regions 18 de?ning tWo epi 
taxial groWth surfaces 20 are illustrated, the present inven 
tion contemplates forming any number of isolation regions 
18 de?ning any number of epitaxial groWth surfaces 20 
according to particular needs. Additionally, although isola 
tion regions 18 are illustrated as having a substantially 
rectangular pillar shape, the present invention contemplates 
each isolation region 18 having any suitable shape, accord 
ing to particular needs or manufacturing tolerances. Oxide 
layer 12 may be etched to form isolation regions 18 using 
any suitable etching process such as a Wet etching process, 
a dry etching process, or an ion milling process, for example. 
In one embodiment, it is desirable to etch completely 
through oxide layer 12 to form isolation regions 18 such that 
epitaxial groWth surfaces 20 substantially lack the material 
of oxide layer 12. Although epitaxial groWth surfaces 20 are 
illustrated as being substantially ?at, epitaxial groWth sur 
faces 20 may have any suitable pro?le according to particu 
lar needs or manufacturing tolerances, for example. 

[0018] As shoWn in FIG. 1C, substrate material 22a may 
be epitaxially groWn on epitaxial groWth surface 20a of 
substrate layer 16 to form an active region 24a that includes 
epitaxially-groWn substrate material 22a betWeen isolation 
regions 18a and 18b. As shoWn in FIG. 1D, substrate 
material 22b may be epitaxially groWn on epitaxial groWth 
surface 20b of substrate layer 16 to form an active region 
24b that includes epitaxially-groWn substrate material 22b 
betWeen isolation regions 18b and 18c. An active region 24 
may be a location in semiconductor structure 10 at Which a 
semiconductor device, such as a transistor, may eventually 
be formed. 

[0019] In one embodiment, epitaxial groWth includes a 
process in Which a layer of a single crystal material (e.g., 
silicon) is deposited on a single crystal substrate layer 16. 
Epitaxial groWth may occur in such a Way that the crystal 
lographic structure of the substrate layer 16 is reproduced in 
epitaxially-groWn substrate material 22. In one embodiment, 
epitaxial groWth is implemented by using chemical vapor 
deposition (CVD) in an epitaxy-by-CVD process. An epi 
taxial groWth process may include heteroepitaxy (i.e. an 
epitaxial deposition process in Which the chemical compo 
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sition of the epitaxially-groWn substrate material 22 is 
different than the chemical composition of substrate layer 
16) or homoepitaxy (i.e. an epitaxial deposition process in 
Which the chemical composition of epitaxially-groWn sub 
strate material 22 and substrate layer 16 are the same). In one 
embodiment, it may be preferable to use a selective epitaxial 
groWth process for epitaxially growing substrate material 22 
on a substrate layer 16 that only partially includes a single 
crystal material. For example, due to the presence of isola 
tion regions 18, Which generally include an oxide material, 
it may be preferable to use the selective epitaxial groWth 
process such that epitaxial groWth of substrate material 22 
Will occur on the epitaxial groWth surface 20 that includes 
the single crystal silicon rather than on surfaces 28 of 
isolation regions 18, for example. 

[0020] Although surfaces 26 of active regions 24 are 
illustrated as being substantially ?at, the present invention 
contemplates surfaces 26 having any suitable pro?les 
according to particular needs or manufacturing, for example. 
Substrate material 22 may be epitaxially groWn such that 
surfaces 26 of active regions 24 are substantially ?ush With 
surfaces 28 of isolation regions 18, recessed from surfaces 
28 of isolation regions 28, or elevated from surfaces 28 of 
isolation regions 28. In one embodiment, it is desirable for 
substrate material 22 to be epitaxially groWn such that 
surfaces 26 of active regions 24 are slightly recessed from 
surfaces 28 of isolation regions 18 to ensure that adjacent 
active regions 24 (i.e. active regions 24a and 24b) are 
completely separated by an isolation region 18 (i.e. isolation 
region 18b). 
[0021] Epitaxially-groWn substrate materials 22a and 22b 
may include the same or different materials according to 
particular needs. In one embodiment, epitaxially-groWn sub 
strate materials 22a and 22b include substantially the same 
material as substrate layer 16; hoWever, the present inven 
tion contemplates epitaxially-groWn substrate material 22 
including any suitable material according to particular 
needs. In one embodiment, one or more dopant materials 30 
are introduced into substrate material 22 as substrate mate 
rial 22 is epitaxially groWn on epitaxial groWth surface 20 of 
substrate layer 16, epitaxially-groWn substrate material 22 
including the one or more dopant materials 30. The amounts 
and types of dopant materials 30 introduced into epitaxially 
groWn substrate material 22 may be adjusted as substrate 
material 22 is epitaxially groWn. This may alloW in situ 
doping of active region 24 as substrate material 22 is 
epitaxially groWn. Although a particular dopant concentra 
tion of dopant material 30 in substrate material 22 providing 
a particular dopant pro?le is illustrated, the present inven 
tion contemplates any suitable dopant concentration of 
dopant material 30 in substrate material 22 having any 
suitable dopant pro?le according to particular needs. 

[0022] In one embodiment, such as When the semiconduc 
tor device is a CMOS device for example, the epitaxially 
groWn substrate material 22 forms a p-type Well or an n-type 
Well underlying active region 24. In this embodiment, p-type 
or n-type dopant material 30 is introduced into substrate 
material 22 as substrate material 22 is epitaxially-groWn to 
form either a p-type Well or an n-type Well, respectively. 
P-type dopant material 30 may include boron or any other 
material suitable for use as a p-type dopant material, and 
n-type dopant material 30 may include phosphorus or any 
other material suitable for use as an n-type dopant material. 
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[0023] The in situ doping capability may enable doping of 
epitaxially-groWn substrate material 22 to be tailored in any 
suitable manner according to particular needs. This may 
alloW a manufacturer of semiconductor structure 10 to 
engineer the doping gradient (i.e. the variation in dopant 
concentration With depth) in epitaxially-groWn substrate 
material 22 according to any suitable criteria. For example, 
it may be desirable for dopant levels to be loW near surfaces 
26 of active regions 24, but then sharply increase at some 
predetermined distance beloW surfaces 26 of active regions 
24, Which may result in a desirable steep doping gradient. 
Epitaxially groWing substrate material 22 While introducing 
one or more dopant materials 30 may alloW any suitable 
dopant pro?le to be achieved. 

[0024] In one embodiment, substrate material 22a is epi 
taxially groWn on epitaxial groWth surface 20a (as illustrated 
in FIG. 1C) and substrate material 22b is epitaxially groWn 
on epitaxial groWth surface 20b (as illustrated in FIG. 1D) 
substantially simultaneously. For example, in an embodi 
ment in Which the same dopant material 30 is introduced into 
epitaxially-groWn substrate materials 22a and 22b (e. g., both 
form p-Wells or both form n-Wells), substrate materials 22a 
and 22b may be epitaxially groWn While dopant material 30 
is introduced in a substantially continuous process. 

[0025] In an alternative embodiment, substrate material 
22a is epitaxially groWn on epitaxial groWth surface 20a (as 
illustrated in FIG. 1C) and substrate material 22b is epi 
taxially groWn on epitaxial groWth surface 20b (as illustrated 
in FIG. 1D) in separate processes. This may be desirable, for 
example, if different dopant materials 30 are to be intro 
duced into epitaxially-groWn substrate materials 22a and 
22b as substrate materials 22a and 22b are epitaxially groWn 
(e.g., epitaxially-groWn substrate material 22a forms an 
n-Well and epitaxially-groWn substrate material 22b forms a 
p-Well, or vice-versa). In this embodiment, a ?rst dopant 
material 30a (e.g., a p-type material) is introduced into 
substrate material 22a as substrate material 22a is epitaxially 
groWn on epitaxial groWth surface 20a of substrate layer 16 
betWeen isolation regions 18a and 18b to form active region 
24a, epitaxially-groWn substrate material 22a including ?rst 
dopant material 30a. Epitaxial groWth surface 20b of sub 
strate layer 16 may be masked While substrate material 22a 
is epitaxially groWn on epitaxial groWth surface 20a of 
substrate layer 16 and ?rst dopant material 30a is introduced 
into epitaxially-groWn substrate material 22a. Additionally, 
in this embodiment, a second dopant material 30b (e.g., an 
n-type material) may be introduced into substrate material 
22b as substrate material 22b is epitaxially groWn on epi 
taxial groWth surface 20b of substrate layer 16 betWeen 
isolation regions 18b and 18c to form active region 24b, 
epitaxially-groWn substrate material 22b including second 
dopant material 30b. Active region 24a may be masked 
While substrate material 22b is epitaxially groWn on epi 
taxial groWth surface 20b of substrate layer 16 and second 
dopant material 30b is introduced into epitaxially-groWn 
substrate material 22b. This embodiment may alloW differ 
ent dopant materials 30 to be introduced into adjacent 
epitaxially-groWn substrate materials 22. For example, in a 
CMOS device for example, every other epitaxially-groWn 
substrate material 22 may form a p-Well and each interven 
ing epitaxially-groWn substrate material 22 may form an 
n-Well. 
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[0026] Previous techniques for forming one or more iso 
lation regions and one or more active regions of semicon 
ductor structures include using an STI process in Which an 
isolation region is formed by etching a trench in the substrate 
layer and ?lling the trench With an oxide material to de?ne 
an adjacent active region of the semiconductor structure. 
This STI etch and ?ll process may be associated With certain 
disadvantages. As an example, the STI etch and ?ll process 
may result in an STI step-height problem, or What is often 
referred to as the “l/W effect.” The step-height problem may 
include a non-uniform surface of the semiconductor struc 
ture that results from the STI etch and ?ll process. For 
example, Within a single semiconductor structure, surfaces 
of some active regions may be recessed from surfaces of 
adjacent isolation regions, surfaces of some active regions 
may be ?ush With surfaces of adjacent isolation regions, and 
surfaces of some active regions may be elevated from 
surfaces of adjacent isolation regions. This non-uniformity 
may result from a chemical mechanical polish (CMP) step 
used in the STI etch and ?ll process, Which may remove the 
oxide material used for ?lling the trenches to form the 
isolation regions inconsistently across the surface of the 
semiconductor structure. Non-uniformity on the surface of 
the semiconductor structure may create leaks in the semi 
conductor device, possibly reducing transistor or other 
device performance. 

[0027] As another example, the STI etch and ?ll process 
may result in stress or other strain in the semiconductor 
device. The stress or strain may be created in the active 
region of the semiconductor structure due to the need for a 
liner oxide layer in the trench formed during the STI etch 
and ?ll process prior to ?lling the trench, for example. As 
another example, the STI etch and ?ll process may inad 
equately scale because as semiconductor device siZe 
decreases, it may be necessary to reduce the siZe of the 
isolation regions. Typically, in such smaller devices, trench 
Width Will decrease but trench depth may remain the same, 
Which may increase the aspect ratio for each trench and 
increase the difficulty of properly ?lling each trench. 

[0028] In contrast, in one embodiment of the present 
invention, isolation regions 18 and active regions 24 may be 
formed independent of any STI process in Which isolation 
regions are formed by etching trenches in the substrate layer 
and ?lling the trenches With an oxide material to de?ne 
active regions betWeen the isolation regions. This may 
reduce or eliminate certain disadvantages associated With 
previous techniques. For example, epitaxial groWth may be 
a substantially controlled process relative to the STI etch and 
?ll process for forming isolation regions and active regions. 
As another example, using an epitaxial groWth process may 
reduce or eliminate stress in the active region associated 
With previous techniques. As another example, using the 
epitaxial groWth process may reduce or eliminate the STI 
step-height problem associated With previous techniques. 
For example, because epitaxial groWth may be a relatively 
controlled process, it may be possible to ensure that surfaces 
26 of active regions 24 and surfaces 28 of adjacent isolation 
regions 18 have a substantially consistent relationship (i.e. 
substantially all surfaces 26 of active regions 24 are recessed 
from surfaces 28 of adjacent isolation regions 18, substan 
tially all surfaces 26 of active regions 24 are recessed from 
surfaces 28 of adjacent isolation regions 18, or substantially 
all surfaces 26 of active regions 24 are recessed from 
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surfaces 28 of adjacent isolation regions 18) such that the 
surface of semiconductor structure 10 is substantially uni 
form, if desired. 

[0029] Previous techniques for forming isolation regions 
and adjacent active regions, such as the STI etch and ?ll 
process, may use an implant process for introducing dopant 
material into the substrate material to form a p-Well or 
n-Well, Which may be a relatively imprecise process. A 
subsequent anneal process may also be used to activate the 
dopant material introduced during the implant process. The 
anneal process may involve exposing the semiconductor 
structure to high temperatures, Which may cause undesirable 
diffusion of the dopant material in the substrate material. 
This may be particularly true as the siZe of semiconductor 
devices decreases, requiring the siZe of the semiconductor 
structure to decrease as Well. Furthermore, using the implant 
and anneal processes to introduce dopant material into the 
substrate material may result in an unsatisfactory doping 
gradient that is not as steep as desired. 

[0030] In contrast, in one embodiment of the present 
invention, semiconductor structure 10 is formed substan 
tially independent of an implant process for introducing 
dopant material 30 into active region 24 and an anneal 
process for activating dopant material 30. For example, 
because dopant material 30 may be introduced into substrate 
material 22 as substrate material 22 is epitaxially groWn, the 
need for the implant and anneal processes may be reduced 
or eliminated. Thus, the diffusion associated With the 
implant and anneal processes may be reduced or eliminated. 
Introducing dopant materials 30 during epitaxial groWth of 
substrate material 22 may alloW engineering of dopant 
material amounts at speci?c locations in substrate material 
22, such as a channel for example. By introducing dopant 
material 30 Where desired and at the desired amounts, the 
gradient of dopant material may be improved, Which may 
improve transistor performance. For example, it may be 
desirable for dopant material 30 to have a relatively steep 
dopant material gradient. 

[0031] Previous techniques involving the implant and 
anneal processes may also be associated With misalignment 
problems. As an example, assume a semiconductor structure 
includes tWo active regions separated by an isolation region. 
It may be desirable to introduce different types of dopant 
materials into the substrate material of the active regions 
(e.g., p-type dopant material in one active region and n-type 
dopant material in the other). Thus, it may be necessary to 
mask one active region While implanting dopant material in 
the substrate material of the other active region. The mask 
used may overlap a portion of the isolation region separating 
the tWo active regions. It may be desirable for the mask to 
cover one half of the isolation region; hoWever, due to 
certain manufacturing tolerances or manufacturing errors, 
the mask may be misaligned each time it is applied such that 
the mask is displaced from the center of the isolation region, 
by approximately 30 nm to approximately 70 nm for 
example. In certain cases, the isolation region may only be 
approximately 100 nm Wide, Which means that the mask 
may entirely miss the isolation region. This may cause ?aWs 
in the implant process, Which could lead to yield problems 
or reduce the effectiveness of isolation in the resulting 
semiconductor device. By introducing dopant material 30 
into substrate material 22 during epitaxial groWth of sub 
strate material 22, misalignment problems may be reduced 
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or eliminated because the epitaxial growth process may be 
selective to substrate material 22 such that epitaxial growth 
Will not occur on the oxide material of isolation regions 18. 

[0032] In one embodiment, dopant material 30 may 
include germanium (Ge). For example, it may be desirable 
to introduce Ge into substrate material 22 during epitaxial 
groWth of substrate material 22, Which may introduce desir 
able strain into semiconductor structure 10. Ge may be 
introduced into substrate material 22 through a certain range 
of epitaxial groWth of substrate material 22, but substrate 
material 22 may be epitaxially groWn as only silicon (i.e. 
Without any Ge) near surface 26 of active region 24. Ge may 
cause strain in the silicon material near surface 26 of active 
region 24, Which may be desirable in certain PMOS devices, 
for example. Introducing Ge during epitaxial groWth of 
substrate material 22 may improve the precision of this 
strain as compared to the relatively imprecise implant and 
anneal processes and the diffusion associated With those 
processes. 

[0033] FIGS. 2A-2C illustrate an example process for 
forming a transistor 36 of semiconductor structure 10 using 
an epitaxial groWth process. For example, the transistor may 
be used to form a semiconductor device such as a PMOS 
device or an NMOS device. 

[0034] As shoWn in FIG. 2A, a pad layer 40 may be 
provided on each active region 24. Pad layer 40 may include 
an oxide material or any other material suitable for use as an 

insulating layer. In one embodiment, pad layer 40 has a 
height of approximately 1 nm; hoWever, the present inven 
tion contemplates pad layer 40 having any suitable dimen 
sions according to particular needs. Agate 42 may be formed 
on pad layer 40. Gate 42 may include polycrystalline silicon 
or any other material suitable for use as a gate and may be 
formed in any suitable manner, according to particular 
needs. For example, gate 42 may be formed by depositing a 
polycrystalline silicon or other suitable material on pad layer 
40, forming a photoresist or other resist mask on the 
polycrystalline silicone layer Where gate 42 is to be formed, 
etching the unmasked portions of the polycrystalline silicon 
layer, and removing the resist mask. In one embodiment, 
gate 42 has a height of approximately 100 nm; hoWever, the 
present invention contemplates gate 42 having any suitable 
dimensions, according to particular needs. Typically, pad 
layer 40 substantially separates gate 42 from epitaxially 
groWn substrate material 22 of active region 24. 

[0035] In one embodiment, a substantially vertical isola 
tion layer 44a may be formed on each side of gate 42. The 
term “vertical” as used to describe substantially vertical 
isolation layers 44 throughout this description is meant to 
refer to a direction that is substantially perpendicular to 
surface 26 of active region 24. Isolation layers 44a may be 
adapted to laterally isolate gate 42 from subsequently 
formed “raised” source and “raised” drain of transistor 36. 
Each isolation layer 44a may have any suitable length and 
Width according to particular needs. The lengths and Widths 
of isolation layers 44a may affect performance of transistor 
36. For example, Wider isolation layers 44a may increase 
resistance of transistor 36. Thus, determining the lengths and 
the Widths of isolation layers 44a may be an optimiZable step 
in the fabrication of transistor 36 to achieve a desired level 
of resistance. In one embodiment, isolation layers 44 are 
approximately 5 nm to approximately 10 nm Wide. 
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[0036] Isolation layers 44 may be formed in any suitable 
manner, according to particular needs. In one embodiment, 
gate 42 includes polycrystalline silicon, Which may be 
oxidiZed to form a polyoxide layer on the sides and top of 
gate 42. Portions of the polyoxide layer may be removed 
(e.g., on a top surface of gate 42) such that only the portions 
of the polyoxide layer on the sides of gate 42 remain, 
forming isolation layers 44a. In another embodiment, a 
silicon dioxide layer is deposited over the top of semicon 
ductor structure 10 and the silicon dioxide layer is etched, 
using an anisotropic etching chemistry for example, such 
that only the portions of the silicon dioxide layer on the sides 
of gate 42 remain, forming isolation layers 44a. 

[0037] As shoWn in FIG. 2B, an extender 46 may be 
epitaxially groWn on substrate material 22 of active region 
24 on each side of gate 42. The isolation layer 44 on each 
side of gate 42 may laterally isolate gate 42 from the 
corresponding extender 46. In one embodiment, each 
extender 46 is adapted to serve as either a source or a drain 
of transistor 36. For example, extenders 46 may form raised 
sources and drains of transistor 36. By providing the source 
and drain to the side of gate 42 rather than under surface 26 
of active region 24, gate 42 may better shield the source and 
the drain. Eletrostatically, this may provide a better geom 
etry for transistor 36. Furthermore, moving the source and 
drain to the sides of gate 42 may reduce a short channel 
effect by making it more difficult for the source and the drain 
to capacitively couple. 

[0038] A dopant material 30 may be introduced into 
extenders 46 as extenders 46 are epitaxially groWn. For 
example, dopant material 30 may include either a p-type 
material or an n-type material. In one embodiment, extend 
ers 46 include a p-type dopant material 30 if epitaxially 
groWn substrate material 22 forms an n-type Well underlying 
active region 24, or an n-type dopant material 30 if epitaxi 
ally-groWn substrate material 22 forms a p-type Well under 
lying active region 24. HoWever, the present invention 
contemplates extenders 46 including any suitable dopant 
material 30 according to particular needs. In one embodi 
ment, the source and the drain of transistor 36 are formed 
independent of any process for implanting either a p-type 
material or an n-type material into active region 24, under 
surface 26 for example. Although a particular dopant con 
centration of dopant material 30 in extenders 46 is illus 
trated, the present invention contemplates any suitable 
dopant concentration of dopant material 30 in extenders 46 
according to particular needs. 

[0039] Extenders 46 may be epitaxially groWn to any 
suitable height, according to particular needs. The height of 
extenders 46 may affect performance of transistor 36. For 
example, as extenders 46 increase in height, the possibility 
that the source and the drain may undesirably capacitively 
couple may increase. Thus, the height of extenders 46 may 
be an optimiZable step during fabrication of transistor 36. 
Reducing overlap betWeen extenders 46 and gate 42 may 
reduce the gate drain capacitance (CGD), Which may be 
desirable. As an example, in an embodiment in Which pad 
layer 40 has a height of approximately 1 nm, it may be 
desirable to epitaxially groW extenders 46 to approximately 
5 nm. This may provide approximately 3 nm to approxi 
mately 5 nm of overlap betWeen extenders 46 and gate 42. 
In one embodiment, it may be desirable for extenders 46 to 
be groWn to a height that does not reach the top of gate 42. 
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[0040] As shown in FIG. 2C, in one embodiment, a 
second substantially vertical isolation layer 44b may be 
formed on each side of gate 42. Isolation layers 44b may be 
adapted to further isolate gate 42 and may each have a length 
that is shorter than a length of isolation layers 44a. Asecond 
extender 46b may be epitaxially groWn on extender 46a on 
each side of gate 42, each second extender 46b including 
either a p-type material or an n-type material and adapted to 
further serve as either a source or a drain for transistor 36. 

For example, a second extenders 46b may include the same 
material as the underlying ?rst extender 46a and may extend 
either the raised source or the raised drain formed by the 
underlying ?rst extender 46a. The present invention con 
templates forming any suitable number of additional isola 
tion layers 44 and extenders 46 according to particular 
needs. 

[0041] The number of isolation layers 44 and extenders 46 
formed may affect performance of transistor 36. For 
example, as described above, it may be desirable to mini 
miZe overlap betWeen extenders 46 and gate 42 near gate 42 
to reduce the CGD. Relatively thin extenders 46 may provide 
certain disadvantages, hoWever. For example, an extender 
46 that is too thin may be inadequate for a subsequent 
silicide step for introducing metal atoms into the raised 
source and drain of transistor 36. For example, extenders 46 
having a height of 5 nm may be too thin for the subsequent 
silicide step. Thus, to accommodate the desire to reduce 
overlap betWeen extenders 46 and gate 42 near gate 42 yet 
still provide extenders 46 that are thick enough for the 
subsequent silicide step, it may be desirable to increase the 
height of the source and drain further aWay from gate 42. 
This may be accomplished by forming additional isolation 
layers 44 and epitaxially groWing additional extenders 46 on 
each side of gate 42. The number of additional isolation 
layers 44 and extenders 46 may be adjusted to achieve 
optimum resistance and capacitance in transistor 36. 

[0042] Although both formation of isolation regions 18 
and active regions 24 and formation of transistor 36 have 
been described as using an epitaxial groWth process, the 
present invention contemplates forming only the isolation 
regions 18 and active regions 24 using the epitaxial groWth 
process or forming only transistor 36 using the epitaxial 
groWth process. HoWever, by either forming isolation 
regions 18 and active regions 24 using previous techniques 
or forming transistor 36 using previous techniques, certain 
advantages of the present invention may be lost. In particu 
lar, it may be undesirable to form isolation regions 18 and 
active regions 24 using the epitaxial groWth process and 
subsequently forming transistor 36 using implant and anneal 
processes. 

[0043] Although the process steps described With refer 
ence to FIGS. 1A-1D and FIGS. 2A-2C are described in a 
particular order, the present invention contemplates certain 
steps being performed in any suitable order according to 
particular needs. Additionally, although semiconductor 
structure 10 is illustrated and described as having a particu 
lar form and including particular materials, the present 
invention contemplates semiconductor structure 10 having 
any suitable form and including any suitable materials 
according to particular needs. Furthermore, although semi 
conductor structure 10 is illustrated and described as includ 
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ing particular layers, the present invention contemplates 
omission of certain layers or addition of other layers accord 
ing to particular needs. 

[0044] Although the present invention has been described 
With several embodiments, diverse changes, substitutions, 
variations, alterations, and modi?cations may be suggested 
to one skilled in the art, and it is intended that the invention 
encompass all such changes, substitutions, variations, alter 
ations, and modi?cations as fall Within the spirit and scope 
of the appended claims. 

What is claimed is: 
1. A semiconductor structure used in manufacturing a 

semiconductor device, comprising: 

a substrate layer; 

?rst and second isolation regions formed by etching an 
oxide layer provided on the substrate layer to de?ne an 
epitaxial groWth surface of the substrate layer for 
epitaxial groWth of a substrate material on the epitaxial 
groWth surface betWeen the ?rst and second isolation 
regions; and 

an active region comprising the epitaxially-groWn sub 
strate material betWeen the ?rst and second isolation 
regions, the active region formed by epitaxially groW 
ing the substrate material on the epitaxial groWth 
surface of the substrate layer. 

2. The structure of claim 1, Wherein the isolation regions 
and the active region are formed independent of any shallow 
trench isolation (STI) process in Which an isolation region is 
formed by etching a trench in the substrate layer and ?lling 
the trench With an oxide material to de?ne an adjacent active 
region of the structure. 

3. The structure of claim 1, Wherein the epitaxially-groWn 
substrate material comprises dopant material introduced into 
the epitaxially-groWn substrate material as the epitaxially 
groWn substrate material is groWn on the epitaxial groWth 
surface of the substrate layer. 

4. The structure of claim 1, Wherein: 

the active region comprises a ?rst active region, the 
epitaxially-groWn substrate material of the ?rst active 
region comprising a ?rst dopant material introduced 
into the epitaxially-groWn substrate material as the 
epitaxially-groWn substrate material is groWn on the 
?rst epitaxial groWth surface of the substrate layer; and 

the structure further comprises: 

a third isolation region formed by etching the oxide 
layer provided on the substrate layer to de?ne a 
second epitaxial groWth surface of the substrate layer 
for epitaxial groWth of the substrate material on the 
second epitaxial groWth surface betWeen the second 
and third isolation regions, the second epitaxial 
groWth surface of the substrate layer having been 
masked While the epitaxially-groWn substrate mate 
rial Was groWn and the ?rst dopant material Was 
introduced on the ?rst epitaxial groWth surface of the 
substrate layer; and 

a second active region comprising the epitaxially 
groWn substrate material betWeen the second and 
third isolation regions, the second active region 
formed by epitaxially groWing the substrate material 
on the second epitaxial groWth surface of the sub 
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strate layer, the epitaxially-groWn substrate material 
of the second active region comprising a second 
dopant material introduced into the epitaxially 
groWn substrate material as the epitaxially-groWn 
substrate material is groWn on the second epitaxial 
groWth surface of the substrate layer While the ?rst 
active region is masked. 

5. The structure of claim 1, Wherein the structure has been 
formed substantially independent of: 

an implant process for introducing a dopant material into 
the active region; and 

an anneal process for activating the dopant material. 
6. The structure of claim 1, Wherein: 

the device comprises a complementary metal oxide semi 
conductor (CMOS) device; and 

the epitaxially-groWn substrate material forms at least one 
of a p-type Well and an n-type Well underlying the 
active region. 

7. The structure of claim 1, further comprising a transistor 
comprising: 

a pad layer provided on the active region; 

a gate formed on the pad layer; 

a substantially vertical isolation layer formed on each side 
of the gate and adapted to laterally isolate the gate; and 

an extender epitaxially groWn on the active region on each 
side of the gate, the isolation layer on each side of the 
gate laterally isolating the gate from the corresponding 
extender, each extender comprising either a p-type 
material or an n-type material and adapted to serve as 
either a source or a drain for the transistor. 

8. The structure of claim 7, Wherein the source and the 
drain of the transistor are formed independent of any process 
for implanting either a p-type material or an n-type material 
into the active region. 

9. The structure of claim 7, Wherein: 

the isolation layers formed on each side of the gate 
comprise ?rst isolation layers each having a ?rst length; 
and 

the extenders epitaxially groWn on the active region on 
each side of the gate comprise ?rst extenders each 
having a ?rst length; 

the structure further comprising: 

a second substantially vertical isolation layer formed on 
each side of the gate and adapted to further isolate 
the gate, the second isolation layers each having a 
second length that is less than the ?rst length of an 
adjacent ?rst isolation layer; 

a second extender epitaxially groWn on the ?rst 
extender on each side of the gate, each second 
extender comprising either a p-type material or an 
n-type material and adapted to serve as either a 
source or a drain for the transistor. 

10. A semiconductor structure used in manufacturing a 
complementary metal oxide semiconductor (CMOS) device, 
comprising: 
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a substrate layer; 

?rst and second isolation regions formed by etching an 
oxide layer provided on the substrate layer to de?ne an 
epitaxial groWth surface of the substrate layer for 
epitaxial groWth of a substrate material on the epitaxial 
groWth surface betWeen the ?rst and second isolation 
regions; and 

an active region comprising the epitaxially-groWn sub 
strate material betWeen the ?rst and second isolation 
regions, the active region formed by epitaxially groW 
ing the substrate material on the epitaxial groWth 
surface of the substrate layer, the epitaxially-groWn 
substrate material forms at least one of a p-type Well 
and an n-type Well underlying the active region, the 
epitaxially-groWn substrate material comprising dopant 
material introduced into the epitaxially-groWn substrate 
material as the epitaxially-groWn substrate material is 
groWn on the epitaxial groWth surface of the substrate 
layer; 

the isolation regions and the active region formed inde 
pendent of any shalloW trench isolation (STT) process 
in Which an isolation region is formed by etching a 
trench in the substrate layer and ?lling the trench With 
an oxide material to de?ne an adjacent active region of 
the structure; 

the structure formed substantially independent of: 

an implant process for introducing a dopant material 
into the active region; and 

an anneal process for activating the dopant material. 
11. The structure of claim 10, further comprising a tran 

sistor comprising: 

a pad layer provided on the active region; 

a gate formed on the pad layer; 

a substantially vertical isolation layer formed on each side 
of the gate and adapted to laterally isolate the gate; and 

an extender epitaxially groWn on the active region on each 
side of the gate, the isolation layer on each side of the 
gate laterally isolating the gate from the corresponding 
extender, each extender comprising either a p-type 
material or an n-type material and adapted to serve as 
either a source or a drain for the transistor, the source 
and the drain formed independent of any process for 
implanting either a p-type material or an n-type mate 
rial into the active region. 

12. A method for forming a semiconductor structure in 
manufacturing a semiconductor device, comprising: 

providing a substrate layer; 

etching an oxide layer provided on the substrate layer to 
form ?rst and second isolation regions, the ?rst and 
second isolation regions de?ning an epitaxial groWth 
surface of the substrate layer for epitaxial groWth of a 
substrate material on the epitaxial groWth surface 
betWeen the ?rst and second isolation regions; and 

epitaxially groWing the substrate material on the epitaxial 
groWth surface of the substrate layer to form an active 
region comprising the epitaxially-groWn substrate 
material betWeen the ?rst and second isolation regions. 

13. The method of claim 12, comprising forming the 
isolation regions and the active region independent of any 
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shallow trench isolation (STI) process in Which an isolation 
region is formed by etching a trench in the substrate layer 
and ?lling the trench With an oxide material to de?ne an 
adjacent active region of the structure. 

14. The method of claim 12, further comprising introduc 
ing a dopant material into the epitaxially-groWn substrate 
material as the epitaxially-groWn substrate material is groWn 
on the epitaxial groWth surface of the substrate layer, the 
epitaxially-groWn substrate material comprising the dopant 
material. 

15. The method of claim 12, Wherein the active region 
comprises a ?rst active region, the method further compris 
mg: 

introducing a ?rst dopant material into the epitaxially 
groWn substrate material as the epitaxially-groWn sub 
strate material is groWn on the epitaxial groWth surface 
of the substrate layer to for the ?rst active region, the 
epitaxially-groWn substrate material comprising the 
?rst dopant material; 

etching the oxide layer provided on the substrate layer to 
form a third isolation region, the third isolation region 
de?ning a second epitaxial groWth surface of the sub 
strate layer for epitaxial groWth of the substrate mate 
rial on the second epitaxial groWth surface betWeen the 
second and third isolation regions, the second epitaxial 
groWth surface of the substrate layer having been 
masked While the epitaxially-groWn substrate material 
Was groWn and the ?rst dopant material Was introduced 
on the ?rst epitaxial groWth surface of the substrate 
layer; and 

epitaxially groWing the substrate material on the second 
epitaxial groWth surface of the substrate layer to form 
a second active region comprising the epitaxially 
groWn substrate material betWeen the second and third 
isolation regions, the epitaxially-groWn substrate mate 
rial of the second active region comprising a second 
dopant material introduced into the epitaxially-groWn 
substrate material as the epitaxially-groWn substrate 
material is groWn on the second epitaxial groWth sur 
face of the substrate layer While the ?rst active region 
is masked. 

16. The method of claim 12, comprising forming the 
structure substantially independent of: 

an implant process for introducing a dopant material into 
the active region; and 

an anneal process for activating the dopant material. 
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17. The method of claim 12, Wherein: 

the device comprises a complementary metal oxide semi 
conductor (CMOS) device; and 

the epitaxially-groWn substrate material forms at least one 
of a p-type Well and an n-type Well underlying the 
active region. 

18. The method of claim 12, further comprising a tran 
sistor, forming the transistor comprising: 

providing a pad layer on the active region; 

forming a gate on the pad layer; 

forming a substantially vertical isolation layer on each 
side of the gate, the substantially vertical isolation 
layers adapted to laterally isolate the gate; and 

epitaxially groWing an extender on the active region on 
each side of the gate, the isolation layer on each side of 
the gate laterally isolating the gate from the corre 
sponding extender, each extender comprising either a 
p-type material or an n-type material and adapted to 
serve as either a source or a drain for the transistor. 

19. The method of claim 18, comprising forming the 
source and the drain of the transistor independent of any 
process for implanting either a p-type material or an n-type 
material into the active region. 

20. The method of claim 18, Wherein: 

the isolation layers formed on each side of the gate 
comprise ?rst isolation layers each having a ?rst length; 
and 

the extenders epitaxially groWn on the active region on 
each side of the gate comprise ?rst extenders each 
having a ?rst length; 

the method further comprising: 

forming a second substantially vertical isolation layer 
on each side of the gate and adapted to further isolate 
the gate, the second isolation layers each having a 
second length that is less than the ?rst length of an 
adjacent ?rst isolation layer; 

epitaxially groWing a second extender on the ?rst 
extender on each side of the gate, each second 
extender comprising either a p-type material or an 
n-type material and adapted to serve as either a 
source or a drain for the transistor. 


