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CMOS TRANSISTOR AND METHOD OF
MANUFACTURING THE SAME

BACKGROUND OF THE INVENTION
[0001]

[0002] Embodiments of the invention relate to a Comple-
mentary Metal Oxide Semiconductor (CMOS) transistor and
a related method of manufacture. More particularly, embodi-
ments of the invention relate to a CMOS transistor formed
from a simplified manufacturing process yielding simulta-
neous improvements in the performance properties of first
and second conductivity type MOS transistors, and a related
method of manufacture.

1. Field of the Invention

[0003] This application claims priority to Korean Patent
Application No. 10-2005-0016722 filed on Feb. 28, 2005,
the subject matter of which is hereby incorporated by
reference.

[0004] 2. Description of the Related Art

[0005] As semiconductor devices have become more
highly integrated, the length of the gate in constituent MOS
transistor has been progressively reduced. As the gate length
in MOS transistors has been reduced, the effective length of
the corresponding channel region for the MOS transistors
has also been reduced. As the length of the channel region
in MOS transistors is reduced, the effect of the source/drain
region(s) on the electric field (or voltage potential) associ-
ated with the channel region increases. This result is referred
to as the “short channel effect.” The negative performance
impact of the short channel effect is particularly pronounced
in PMOS transistors.

[0006] Thus, a variety of methods have been proposed to
improve the performance of MOS transistors having reduced
gate (and channel) lengths. Among these are methods that
create a strain in order to increase mobility of electrical
carriers (e.g., electrons and/or holes) by applying a tensile or
compressive force to the channel region below the gate.

[0007] Representative of methods of creating strain is one
method in which a tensile force is generated in the channel
region of an NMOS transistor by varying the type and
thickness of a layer acting as an etch stop layer during a
process step(s) adapted to form a contact hole. In another
method, the source/drain region of a PMOS transistor is
recessed, and then the recessed region is filled with silicon
germanium (SiGe). Since SiGe has a larger lattice constant
than silicon (Si), which has a lattice constant of 5.43 A, the
in-fill of SiGe using a selective epitaxial growth (SEG)
technique will generate a compressive force in the channel
region. This type of method is disclosed, for example, by T.
Ghani, M. Armstrong, et al., in an article entitled “A 90 nm
High Volume Manufacturing Logic Technology Featuring
Novel 45 nm Gate Length Strained Silicon CMOS Transis-
tors,” (IEEE, 2003).

[0008] Thus, generally speaking, one type of strain is
effective in the creation of a strain in NMOS transistors
while another type of strain is effective in the creation of
strain in PMOS transistors. That is, the performance prop-
erties of the respective channel regions in NMOS and PMOS
transistors react differently to different strain types (e.g.,
compressive or tensile). However, a CMOS transistor struc-
ture comprises both NMOS and PMOS transistors. Thus,
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application of one remedy intended to improve the perfor-
mance of the channel region in a PMOS transistor may
actually impair the performance of the channel region in the
NMOS transistor, and vice verses.

SUMMARY OF THE INVENTION

[0009] Embodiments of the invention provide a Comple-
mentary Metal Oxide Semiconductor (CMOS) transistor
having improve performance properties for both first and
second conductivity type transistors, and such improvement
comes by way of a simplified manufacturing process.

[0010] Thus, in one embodiment, the invention provides a
CMOS transistor comprises; first and second conductivity
type transistors formed on a semiconductor substrate,
wherein the first conductivity type transistor comprises; a
gate electrode structure formed on the semiconductor sub-
strate, a first spacer formed on sidewalls of the gate electrode
structure, a first conductivity type low-concentration source/
drain region aligned with a sidewall of the gate electrode
structure and formed in the semiconductor substrate, a first
conductivity type high-concentration source/drain region
aligned with a sidewall of the first spacer and formed in the
semiconductor substrate in electrical contact with the first
conductivity type low-concentration source/drain region,
and an enhancer formed on the gate electrode structure, first
spacer, first conductivity type low-concentration source/
drain region and first conductivity type high-concentration
source/drain region. The second conductivity type transistor
comprises; a gate electrode structure formed on the semi-
conductor substrate, a first spacer formed on sidewalls of the
gate electrode structure, a second spacer formed at least in
part on the first spacer and formed from the same material
used to form the enhancer, a second conductivity type
low-concentration source/drain region aligned with a side-
wall of the gate electrode structure and formed in the
semiconductor substrate, an epitaxial layer formed to fill
least in part a recess in the semiconductor substrate aligned
with a sidewall of the second spacer, and a second conduc-
tivity type high-concentration source/drain region formed in
the semiconductor substrate under the epitaxial layer.

[0011] In one related aspect of this embodiment, the
enhancer is formed from a tensile force or compressive
force-generating material.

[0012] In another embodiment, the invention provides a
method of manufacturing a CMOS transistor, the method
comprising; forming first and second active regions in a
semiconductor substrate, forming a first gate electrode struc-
ture on the first active region and a second gate electrode
structure on the second active region, forming a first con-
ductivity type low-concentration source/drain region aligned
with a sidewall of the first gate electrode structure in the
semiconductor substrate, forming a second conductivity
type low-concentration source/drain region aligned with a
sidewall of the second gate electrode structure in the semi-
conductor substrate, forming a first spacer on each the
respective sidewalls of the first and second gate electrode
structures, forming a first conductivity type high-concentra-
tion source/drain region aligned with a sidewall of the first
spacer formed on the first gate electrode structure; and
thereafter forming an enhancer on the semiconductor sub-
strate, selectively etching the enhancer proximate the second
gate electrode structure to form a second spacer formed on
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the first spacer formed on the second gate electrode structure
and to form a recess region in the semiconductor substrate
aligned along sidewalls of the second spacer, forming an
epitaxial layer to fill at least in part the recess region, and
forming a second conductivity type high-concentration
source/drain region in the semiconductor substrate under the
epitaxial layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Several embodiments of the invention will be
described with reference to the attached drawings in which:

[0014] FIG. 1 is a cross-sectional view of a Complemen-
tary Metal Oxide Semiconductor (CMOS) transistor accord-
ing to an embodiment of the present invention;

[0015] FIG. 2 is a flowchart illustrating a method of
manufacturing a CMOS transistor according to an embodi-
ment of the present invention; and

[0016] FIGS. 3 through 11 are cross-sectional views
illustrating the method of manufacturing a CMOS transistor
shown in FIG. 2.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0017] Advantages and features of the present invention
and methods of accomplishing the same will be understood
by reference to the following description of embodiments
with reference to the accompanying drawings. It should be
noted, however, that the invention may be embodied in
many different forms and should not be construed as being
limited to only the embodiments set forth herein. Rather,
these embodiments are provided as teaching example.
Throughout the specification and drawings, like reference
numerals refer to like or similar elements.

[0018] A exemplary Complementary Metal Oxide Semi-
conductor (CMOS) transistor and a related method of manu-
facture according to embodiments of the invention will now
be described with reference to FIGS. 1 through 11.

[0019] FIG. 1 is a cross-sectional view of a Complemen-
tary Metal Oxide Semiconductor (CMOS) transistor accord-
ing to an embodiment of the present invention. Referring to
FIG. 1, a CMOS transistor 10 includes a first conductivity
type MOS transistor comprising an enhancer 115 formed on
a semiconductor substrate 100 in a first active region 110,
and a second conductivity type MOS transistor comprising
a double spacer of first and second spacers 123 and 125 and
a source/drain region 130 formed on an epitaxial layer 129
formed in a recess region of a second active region 120.

[0020] All types of substrates in which selective epitaxial
growth can be performed, excluding a silicon (Si) substrate
and a silicon-on insulator (SOI) substrate, may be used as
the semiconductor substrate 100.

[0021] An isolation region (not shown) is formed in the
semiconductor substrate 100 to separate active regions 110
and 120 are to define the first and second conductivity type
MOS transistors. The isolation region may be, for example,
shallow trench isolation (STI) formed by trench-etching the
semiconductor substrate 100. In addition, dopants for form-
ing a well region (not shown) or channel regions 116 and
126 can be implanted into the active regions 110 and 120 of
the first and second conductivity type MOS transistors.
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[0022] The exemplary first conductivity type MOS tran-
sistor will now be described. A gate insulating layer 111 is
formed on an active region 110 of the first conductivity type
MOS transistor of the semiconductor substrate 100. The gate
insulating layer 111 may be formed of one or more materials,
such as SiO,, SiON, SiN, and Al,O,. The thickness of the
gate insulating layer 111 may vary from between 5 to 30 A,
including for example, 8 A.

[0023] A gate electrode 112 is formed on the gate insu-
lating layer 111. The gate electrode 112 may be formed of
one or more materials, including, for example, polysilicon
(poly-Si), silicon germanium (SiGe), and germanium (Ge).

[0024] A first spacer 113 is then formed on the sidewalls
of the gate electrode 112. The first spacer 113 may be
formed, for example, from silicon nitride.

[0025] Optionally, an oxide layer 114 may be formed
between the sidewalls of the gate electrode 112 and the first
spacer 113. The oxide layer 114 may be used to remove
damage caused by the etching process typically used to form
of the gate electrode 112. The oxide layer 114 may also be
used to prevent dopants in the gate electrode 112 from
out-diffusing. Such out-diffusing may degrade the long-term
reliability of the gate electrode 112 by creating by a differ-
ence in thermal expansion coeflicients of materials used to
form the first spacer 113 and the gate electrode 112. The
oxide layer 114 may be formed, for example, from silicon
oxide.

[0026] An enhancer 115 is deposited on the entire surface
of the above-described resultant structure. Here, the
enhancer 115 is a layer adapted to provide a tensile or a
compressive force to improve the mobility of electrons or
holes in a channel region 116 formed below the gate
electrode 112. The choice between tensile and compressive
force will be defined by the type of the constituent transistor.
By forming the enhancer 115, stress is generated in the
active region covered by the enhancer 115 in the same
direction of stress that exists in the enhancer 115. That is,
when a tensile force is generated in the enhancer 115, the
tensile force is applied to the active region formed below the
enhancer 115, and when a compressive force is generated in
the enhancer 115, the compressive force is applied to the
active region formed below the enhancer 115.

[0027] Thus, assuming in one embodiment that the first
conductivity type is n-type, the enhancer 115 formed on the
first conductivity type MOS transistor may be formed from
a tensile force-generating material, thereby inducing a ten-
sile force upon the active region formed below the enhancer
115. Due to this applied tensile force, the mobility of
electrons through the channel region 116 below the gate
electrode 112 increases. The tensile force-generating mate-
rials readily adapted for use as the enhancer 115 include, as
examples, SiN, SiON, etc.

[0028] Conversely, assuming in another embodiment that
the first conductivity type is p-type, the enhancer 115 of the
first conductivity type MOS transistor may be formed from
a compressive force-generating material, thereby inducing a
compressive force upon the active region formed below the
enhancer 115. Due to this compressive force, the mobility of
the holes through the channel region 116 below the gate
electrode 112 increases. The compressive force-generating
materials readily adapted for use as the enhancer 115 include
Si0,, etc.
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[0029] In addition, the enhancer 115 prevents an epitaxial
layer 129 from being formed on the first conductivity type
MOS transistor when a selective epitaxial growth process is
used to fill a recess region 128 of the second conductivity
type MOS transistor, as described in some additional detail
hereafter. In addition, the enhancer 115 may serve as an etch
stop layer during the subsequent formation of contact holes.

[0030] The thickness of the enhancer 115 should be
enough to generate a sufficient tensile force or compressive
force in the active region formed below the enhancer 115 to
prevent the formation of epitaxial layer 129 during the
selective epitaxial growth process and to serve as an etch
stop layer. For example, the thickness of the enhancer 115
may range from about 100 to 800 A.

[0031] The first conductivity type MOS transistor further
comprises a first conductivity type low-concentration
source/drain region 117 aligned along both sidewalls of the
gate electrode 112 and formed in the semiconductor sub-
strate 100, and a first conductivity type high-concentration
source/drain region 118 aligned along both sidewalls of the
first spacer 113 and formed in the semiconductor substrate
100.

[0032] The exemplary second conductivity type MOS
transistor will now be described. A gate insulating layer 121,
a gate electrode 122, a first spacer 123, and (optionally) an
oxide layer 124 that can be selectively formed between
sidewalls of the gate electrode 122 and the first spacer 123
are similarly formed as with the first conductivity type MOS
transistor.

[0033] However, the second conductivity type MOS tran-
sistor includes a double spacer comprising the first spacer
123 and a second spacer 125 formed on the first spacer 123.
The second spacer 125 may be formed from the same
material as that used to form the enhancer 115 of the first
conductivity type MOS transistor. In such an embodiment,
the second spacer 125 may be formed with a thickness
ranging from about 100 to 700 A.

[0034] The second conductivity type MOS transistor com-
prising the double spacer formed by the first and second
spacers 123 and 125 is formed in such a way that the short
channel effect otherwise caused by the high integration
density of the constituent semiconductor device may be
mitigated. The short channel effect is generated when ions
implanted in the source and drain regions diffuse into a
channel region, thereby reducing the effective electrical
length of the channel otherwise defined by the material
forming the channel and the physical distance between the
source and drain regions. In particularly severe cases, the
so-called punch-through phenomenon occurs, wherein the
effective length of the channel disappears and current flows
directly flows between the source and drain regions. When
punch-through happens, the transistor becomes unreliable or
useless as the gate operation becomes increasingly
degraded.

[0035] In order to mitigate the short channel effect, the
diffusion of ions into the channel region should be mini-
mized, such that the effective length of the channel remains
within its design parameters. Thus, a second conductivity
type low-concentration source/drain region 127 of the sec-
ond conductivity type MOS transistor, which will be
described in some additional detail hereafter, is formed to be
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longer than in the prior art using the double spacer structure
formed in the illustrated example by the first and second
spacers 123 and 125. This also allows the high-concentration
source/drain region 130 to be placed in such a manner that
the effective length of channel is not reduced. Assuming in
one embodiment that the second conductivity type is p-type,
and further assuming that Boron (B) ions are implanted to
respectively form the low-concentration and high-concen-
tration source/drain regions 127 and 130, a severe risk of ion
diffusion would normally occur. However, the risk of harm-
ful ion diffusion and the resulting short channel effect may
be prevented by the use of the double spacer structure (e.g.,
the first and second spacers 123 and 125).

[0036] In the illustrated example, the second conductivity
type low-concentration source/drain region 127 is aligned
along both sidewalls of the gate electrode 122 of the second
conductivity type MOS transistor and formed in the semi-
conductor substrate 100. The second conductivity type high-
concentration source/drain region 130 is aligned along both
sidewalls of the second (outer) spacer 125 and formed under
(i.e., to a greater depth than) epitaxial layer 129 filling a
recess in the semiconductor substrate 100. The recess may
be conventionally formed in any number of shapes in the
semiconductor substrate 100.

[0037] Thus, the epitaxial layer 129 is filled into a recess
region 128 aligned along both sidewalls of the second spacer
125 and formed in the semiconductor substrate 100, thereby
constituting the second conductivity type high-concentration
source/drain region 130. In one embodiment, the epitaxial
layer 129 is formed in contact with the channel region 126
formed in the semiconductor substrate 100 below the gate
insulating layer 121 of the second conductivity type MOS
transistor. The epitaxial layer 129 may be formed from a
tensile force or compressive force-generating material so as
to improve the mobility of electrons or holes in the channel
region 126.

[0038] For example, assuming in one embodiment that the
second conductivity type is p-type, the lattice structure of the
material forming epitaxial layer 129 may be the same as the
material forming the semiconductor substrate 100 (e.g.,
silicon), or the material forming the epitaxial layer 129 may
have a larger lattice structure that the material forming the
semiconductor substrate 100. A material having the larger
lattice structure (i.e., characterized by a larger lattice con-
stant) will improve the mobility of holes by inducing a
compressive force in a horizontal direction parallel to the
channel region 126 (e.g., the epitaxial layer 129 may be
formed from SiGe).

[0039] Conversely, assuming in another embodiment that
the second conductivity type is n-type, the lattice structure
of the material used to form the epitaxial layer 129 may be
the same as the material used to form the semiconductor
substrate 100 (e.g., silicon), or the material forming the
epitaxial layer 129 may have a smaller lattice structure that
the material forming the semiconductor substrate 100. As
described above, a material having a relatively smaller
lattice structure (e.g., a material having a smaller lattice
constant) will improve the mobility of electrons by inducing
a tensile force in a horizontal direction parallel to the
channel region 126, (e.g., the epitaxial layer 129 may be
formed from silicon carbide (SiC)).
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[0040] An exemplary method of manufacture for a CMOS
transistor according to an embodiment of the invention will
now be described.

[0041] FIG. 2 is a flowchart illustrating a method of
manufacturing a CMOS transistor according to an embodi-
ment of the invention. FIGS. 3 through 11 are related
cross-sectional views further illustrating the method of
manufacturing a CMOS transistor shown in FIG. 2.

[0042] Referring to FIG. 2, a semiconductor substrate 100
having active regions 110 and 120 adapted to receive the first
and second conductivity type MOS transistors is provided
(S1). See FIG. 3, illustrating a prepared semiconductor
substrate 100. Of note, all types of substrates adapted to the
inclusion of a selective epitaxial growth, excluding an Si
substrate and an SOI substrate, may be used as the semi-
conductor substrate 100. A conventionally formed isolation
region (not shown) may be used in the semiconductor
substrate 100 to define the active regions 110 and 120 of the
first and second conductivity type MOS transistors. For
example, the isolation region may be STI formed by trench-
etching the semiconductor substrate 100. Addition, at this
time, dopants may be selectively implanted to form conven-
tionally understood well region(s) (not shown) and/or chan-
nel region(s) (not shown) in the active regions 110 and 120
of the first and second conductivity type MOS transistors.

[0043] A gate electrode structure is next formed compris-
ing a gate insulating layer and a gate electrode (S2). Refer-
ring to FIG. 4, the gate insulating layer is deposited on the
active regions 110 and 120 of the first and second conduc-
tivity type MOS transistors on the semiconductor substrate
100. The gate insulating layer may be formed from one or
more materials including, for example, SiO,, SiON, SiN,
and Al,O,, to a thickness of between about 5 to 30 A,
including for example, about 8 A. Subsequently, a conduc-
tive layer adapted to the formation of the gate electrode is
formed on the active regions 110 and 120 of the first and
second conductivity type MOS transistors of the semicon-
ductor substrate 100 in which the gate insulating layer is
formed, using one or more materials, including for example,
poly-Si, SiGe, and Ge. This conductive layer is deposited on
the entire surface of the active regions 110 and 120, and
thereafter an etching process using a mask defining the
geometry of the gate electrode structure is performed, such
that gate electrodes 112 and 122, as well as the patterned
gate insulating layers 111 and 121 are formed.

[0044] Subsequently, first and second conductivity type
low-concentration source/drain regions are formed (S3).
Referring to FIG. 5A, in order to form the first conductivity
type low-concentration source/drain region 117 in the active
region 110 of the first conductivity type MOS transistor, the
active region 120 of the second conductivity type MOS
transistor is shielded using a mask 500q, and ions are
implanted into the active region 110 of the first conductivity
type MOS transistor using the gate electrode 112 of the first
conductivity type MOS transistor as an ion implantation
mask.

[0045] First conductivity type ion implantation is basically
performed and halo ion implantation may be selectively
performed.

[0046] The first conductivity type ion implantation is
performed to form the first conductivity type low-concen-
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tration source/drain region 117. Assuming in one embodi-
ment that the first conductivity type is n-type, arsenic (As)
ions, for example, may be implanted. However, assuming in
another embodiment that the first conductivity type is
p-type, Boron (BV) ions, for example, may implanted.

[0047] Halo ion implantation is implantation of ions that
are an opposite type to ions used to form the source/drain
region(s) so as to increase an impurity concentration of the
active region of the semiconductor substrate after forming
the gate electrode so as to prevent a punch-through phe-
nomenon caused by a reduction in the length of the channel
region. In the case of performing halo ion implantation,
when the first conductivity type is n-type, halo ions are
p-type ions and may be boron (B), for example. When the
first conductivity type is p-type, halo ions are n-type ions, for
example, arsenic (As).

[0048] Referring to FIG. 5B, in order to form the second
conductivity type low-concentration source/drain region 127
in the active region 120 of the second conductivity type
MOS transistor, the active region 110 of the first conduc-
tivity type MOS transistor is shielded using a mask 5005,
and ions are implanted into the active region 120 of the
second conductivity type MOS transistor using the gate
electrode 122 of the second conductivity type MOS transis-
tor as an ion implantation mask.

[0049] Here, second conductivity type ion implantation is
basically performed and halo ion implantation may be
selectively performed.

[0050] The second conductivity type ion implantation is
performed to form the second conductivity type low-con-
centration source/drain region 127. When the second con-
ductivity type is n-type, ions are n-type ions and may be
arsenic (As), for example. When the second conductivity
type is p-type, ions are p-type ions and may be boron (B), for
example.

[0051] In the case of performing halo ion implantation,
when the second conductivity type is n-type, halo ions are
p-type ions and may be boron (B), for example. When the
second conductivity type is p-type, halo ions are n-type ions,
for example, arsenic (B).

[0052] Next, first spacers are formed (S4). Referring to
FIG. 6, an insulating layer adapted to form the first spacers
113 and 123, composed of, for example, silicon nitride is
stacked on the entire surface of the semiconductor substrate
100 including on the gate electrodes 112 and 122 of the first
and second conductivity type MOS transistors. Then, a
conventional etching process is used to selectively etch back
the insulating layer to respectively form the first spacers 113
and 123 on the sidewalls of the gate electrodes 112 and 122.

[0053] Optionally, when additional oxide layers 114 and
124 are formed between the sidewalls of the gate electrodes
112 and 122 and the first spacers 113 and 123, a chemical
vapor deposition (CVD) process may be used to form an
oxide layer on the entire resulting structure. Thereafter, the
insulating layer used to form the first spacers 113 and 123 is
deposited on the oxide layer. Then, the etch process is
performed on the (e.g.,) nitride layer and oxide layer such
that the oxide layers 114 and 124 are formed between the
sidewalls of the gate electrodes 112 and 122 and the first
spacers 113 and 123.
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[0054] Subsequently, the first conductivity type high-con-
centration source/drain region of the first conductivity type
MOS transistor is formed (S5). Referring to FIG. 7, the
second conductivity type MOS transistor is shielded using a
mask 700, and first conductivity type ions are implanted
using the gate electrode 112 and the first spacer 113 of the
first conductivity type MOS transistor as an ion implantation
mask so that the first conductivity type high-concentration
source/drain region 118 into which ions are implanted and
which is aligned with the first spacer 113 is formed. When
the first conductivity type is n-type, the first conductivity
type ions may be arsenic (As), and when the second con-
ductivity type is p-type, the first conductivity type ions may
be boron (B).

[0055] Subsequently, an enhancer is deposited on the
entire resulting surface (S6). Referring to FIG. 8, the
enhancer 115 may be deposited on the entire surface of the
resulting structure using low pressure chemical vapor depo-
sition (LP CVD) process. The enhancer 115 is a layer formed
from a tensile force-generating or compressive force-gener-
ating material. For example, the tensile force-generating
material may be SiN or SiON and the compressive force-
generating material may be SiO,.

[0056] The enhancer 115 provides conformal step cover-
age to the gate electrodes 112 and 114 and the spacers 113
and 123 of the first and second conductivity type MOS
transistors. In this case, the enhancer 115 may be formed to
a thickness ranging from about 100 to 800 A.

[0057] Subsequently, the second spacers and the recess
region of the second conductivity type MOS transistor are
formed (S7). Referring to FIG. 9, the first conductivity type
MOS ftransistor is shielded using a mask 900 and the
enhancer 115 formed on the second conductivity MOS
transistor is processed using an etch back process so that the
second spacer 125 is formed. In one embodiment, the active
regions exposed by the double spacer comprising the gate
electrode 122 and the first and second spacers 123 and 125
are etched so that the recess region 128 is formed in the
active region 120 of the second conductivity type MOS
transistor. Thus, the second spacer 125 and the recess region
128 may be simultaneously formed.

[0058] Subsequently, the epitaxial layer is formed (S8).
Referring to FIG. 10, a selective epitaxial growth (SEG)
process is performed on the active region 128 of the second
conductivity type MOS transistor so that the recess region
128 is filled. SEG is not performed in the isolation region
and is only performed in the active region. SEG may be
performed using, as selected examples, a chemical vapor
deposition (CVD), reduced pressure chemical vapor depo-
sition (RP CVD) or ultra high vacuum chemical vapor
deposition process.

[0059] The epitaxial layer 129 formed of a tensile force or
compressive force-generating material is formed in the
recess region 128 of the second MOS transistor by selective
epitaxial growth. In this case, when the second conductivity
type is p-type, the epitaxial layer 129 is formed of a
compressive force-generating material, for example, silicon
germanium (SiGe), in the recess region 128. In this case, the
concentration of germanium may range from between about
5 to 30%. In addition, when the second conductivity type is
n-type, the epitaxial layer 129 is formed of a tensile force-
generating material, for example, SiC, in the recess region
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128. In this case, the concentration of carbon may range
from between about 5 to 30%.

[0060] In the selective epitaxial growth process wherein
silicon (Si), germanium (Ge) or carbon (C) forms the
epitaxial layer 129, Si,H, SiH,, SiH,Cl,, SiHCl,, SiCl, or
the like may be used as a source of Si, GeH, may be used
as a source of Ge, and C,H,, CH;SiH; or the like may be
used as a source of C. In addition, in order to improve a
selective characteristic, a gas such as HCl or Cl, may be
added. If HCl is added, selective epitaxial growth in which
the epitaxial layer 129 is not formed in the isolation region
formed of an oxide layer or a nitride layer and is formed only
in the region in which Si is exposed can be performed.

[0061] Subsequently, the second conductivity type high-
concentration source/drain region is formed in the epitaxial
layer (S9). Referring to FIG. 11, the second conductivity
type high-concentration source/drain region 130 is formed in
the epitaxial layer 129 in the recess region 128 of the second
conductivity type MOS transistor. Some of the second
conductivity type ions doping recess region 128 may dis-
perse into semiconductor substrate 100 during a subse-
quently performed thermal treatment process. Under prede-
termined conditions, second conductivity type ions are
implanted into the epitaxial layer 129 of the second con-
ductivity type MOS transistor using the gate electrode 122
and the double spacer comprising the first and second
spacers 123 and 125 of the second conductivity type MOS
transistor as an ion implantation mask. In this case, the
second conductivity type high-concentration source/drain
region 130 of the second conductivity MOS transistor may
be formed without blocking the first conductivity type MOS
transistor using the enhancer 115 formed at the first con-
ductivity type MOS transistor side.

[0062] Here, when the second conductivity type is p-type,
the second conductivity type ions may be boron (B), and
when the second conductivity type is n-type, the second
conductivity type ions may be arsenic (As).

[0063] As described above, in the CMOS transistor and
the related method of manufacture according to the present
invention are characterized by a simplified manufacturing
process, stress is appropriately applied to the channel
regions of the first and second conductivity MOS transistors
in opposite directions, such that the respective mobility of
electrons and/or holes are improved in the channel region,
and such that the performance characteristics of the first and
second conductivity type MOS transistors are both
improved.

[0064] In particular, when the second conductivity type is
p-type, a double spacer comprising first and second spacers
may be used as a spacer for the second conductivity type
MOS transistor in which deterioration may occur due to the
short channel effect, such that the effective length of the
channel may maintained or increased and the characteristics
of the constituent transistor improved.

[0065] Of further note, the term “on” is used to describe
the formation of a layer or element directly on another layer
or element, as well as on another layer or element with
intervening layers or elements being present.

[0066] While the present invention has been particularly
shown and described with reference to several exemplary
embodiments thereof, it will be understood by those skilled
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in the art that various changes in form and details may be
made therein without departing from the scope of the
invention as defined by the following claims and equivalents
thereof.

What is claimed is:
1. A Complementary Metal Oxide Semiconductor
(CMOS) transistor comprising:

first and second conductivity type transistors on a semi-
conductor substrate;

wherein the first conductivity type transistor comprises:

a gate electrode structure on the semiconductor sub-
strate;

a first spacer on sidewalls of the gate electrode struc-
ture;

a first conductivity type low-concentration source/drain
region aligned with a sidewall of the gate electrode
structure and formed in the semiconductor substrate;

a first conductivity type high-concentration source/
drain region aligned with a sidewall of the first
spacer and formed in the semiconductor substrate in
electrical contact with the first conductivity type
low-concentration source/drain region; and,

an enhancer on the gate electrode structure, first spacer,
first conductivity type low-concentration source/
drain region and first conductivity type high-concen-
tration source/drain region; and,

wherein the second conductivity type transistor com-
prises:

a gate electrode structure on the semiconductor sub-
strate;

a first spacer on sidewalls of the gate electrode struc-
ture;

a second spacer at least in part on the first spacer and
formed from the same material used to form the
enhancer;

a second conductivity type low-concentration source/
drain region aligned with a sidewall of the gate
electrode structure and in the semiconductor sub-
strate;

an epitaxial layer formed to fill least in part a recess in
the semiconductor substrate aligned with a sidewall
of the second spacer; and,

a second conductivity type high-concentration source/
drain region in the epitaxial layer.

2. The CMOS transistor of claim 1, wherein the enhancer
is formed from a tensile force or compressive force-gener-
ating material.

3. The CMOS transistor of claim 2, wherein the enhancer
is formed from a tensile force-generating material, the first
conductivity type is n-type, and the second conductivity type
is p-type.

4. The CMOS transistor of claim 2, wherein the enhancer
is formed from a compressive force-generating material, the
first conductivity type is p-type, and the second conductivity
type is n-type.

5. The CMOS transistor of claim 2, wherein the tensile
force-generating material is SiN or SiON.
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6. The CMOS transistor of claim 2, wherein the compres-
sive force-generating material is SiO,.

7. The CMOS transistor of claim 1, wherein the enhancer
has a thickness ranging from between about 100 to 800 A.

8. The CMOS transistor of claim 1, wherein the second
spacer has a thickness ranging from about 100 to 700 A.

9. The CMOS transistor of claim 1, wherein the epitaxial
layer is formed from a tensile force or a compressive
force-generating material.

10. The CMOS transistor of claim 9, wherein the epitaxial
layer is formed from a compressive force-generating mate-
rial, the first conductivity type is n-type, and the second
conductivity type is p-type.

11. The CMOS transistor of claim 9, wherein the epitaxial
layer is formed from a tensile force-generating material, the
first conductivity type is p-type, and the second conductivity
type is n-type.

12. The CMOS transistor of claim 9, wherein the com-
pressive force-generating material is SiGe.

13. The CMOS transistor of claim 9, wherein the tensile
force-generating material is SiC.

14. The CMOS transistor of claim 1, wherein the first and
second conductivity type transistors each further comprise
an oxide layer between the first spacer and the sidewall of
the gate electrode structure.

15. The CMOS transistor of claim 14, wherein the oxide
layer is formed from silicon oxide.

16. A method of manufacturing a CMOS transistor, the
method comprising:

forming first and second active regions in a semiconduc-
tor substrate;

forming a first gate electrode structure on the first active
region and a second gate electrode structure on the
second active region;

forming a first conductivity type low-concentration
source/drain region aligned with a sidewall of the first
gate electrode structure in the semiconductor substrate;

forming a second conductivity type low-concentration
source/drain region aligned with a sidewall of the
second gate electrode structure in the semiconductor
substrate;

forming a first spacer on each the respective sidewalls of
the first and second gate electrode structures;

forming a first conductivity type high-concentration
source/drain region aligned with a sidewall of the first
spacer on the first gate electrode structure; and there-
after,

forming an enhancer on the semiconductor substrate;

selectively etching the enhancer proximate the second
gate electrode structure to form a second spacer on the
first spacer on the second gate electrode structure and
to form a recess region in the semiconductor substrate
aligned along sidewalls of the second spacer;

forming an epitaxial layer to fill at least in part the recess
region; and
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forming a second conductivity type high-concentration

source/drain region in the epitaxial layer.

17. The method of claim 16, wherein the enhancer is
formed from a tensile force or a compressive force-gener-
ating material.

18. The method of claim 17, wherein the enhancer is
formed from a tensile force-generating material, the first
conductivity type is n-type, and the second conductivity type
is p-type.

19. The method of claim 17, wherein the enhancer is
formed from a compressive force-generating material, the
first conductivity type is p-type, and the second conductivity
type is n-type.

20. The method of claim 17, wherein the tensile force-
generating material is SiN or SiON.

21. The method of claim 17, wherein the compressive
force-generating material is SiO,.

22. The method of claim 16, wherein the second spacer
has a thickness ranging between about 100 to 700 A.

23. The method of claim 16, wherein the epitaxial layer is
formed from a tensile force or a compressive force-gener-
ating material.

24. The method of claim 23, wherein the epitaxial layer is
formed from a compressive force-generating material, the
first conductivity type is n-type, and the second conductivity

type is p-type.
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25. The method of claim 23, wherein the epitaxial layer is
formed from a tensile force-generating material, the first
conductivity type is p-type, and the second conductivity type
is n-type.

26. The method of claim 23, wherein the compressive
force-generating material is SiGe.

27. The method of claim 23, wherein the tensile force-
generating material is sic.

28. The method of claim 16, wherein the second spacer
and the recess region are simultaneously formed.

29. The method of claim 16, wherein selectively etching
the enhancer comprises an etch process using a halogen gas.

30. The method of claim 16, wherein selectively etching
the enhancer comprises an etch process using hydrogen
chloride.

31. The method of claim 16, further comprising:

implanting halo ions into the first and/or second active
regions before forming the first spacer.
32. The method of claim 16, further comprising:

forming an oxide layer between the first spacer and the
sidewalls of the gate electrode.
33. The method of claim 32, wherein the oxide layer is a
silicon oxide.
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