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ABSTRACT

Provided are a complementary metal oxide semiconductor
(CMOS) device and a method of manufacturing the same.

SAMSUNG ELECTRONICS

The CMOS device comprises an epi-layer that may be formed

CO., LTD.

on a substrate; a ?rst semiconductor layer and a second semi

12/073,308

conductor layer that may be formed on different regions of the
epi-layer, respectively; and a PMOS transistor and a NMOS
transistor that may be formed on the ?rst and second semi

(22) Filed;

Mar. 4, 2008

conductor layers, respectively.
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FIG. 1

FIG. 2A
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FIG. 2B
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FIG. 2D
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FIG. 3A
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COMPLEMENTARY METAL OXIDE
SEMICONDUCTOR DEVICE AND METHOD
OF MANUFACTURING THE SAME
PRIORITY STATEMENT

[0001] This application claims the priority under 35 U.S.C.
§1 19 to Korean Patent Application No. 10-2007-0104062,
?led on Oct. 16, 2007, in the Korean Intellectual Property
O?ice, the entire contents of Which are incorporated by ref
erence.

BACKGROUND

[0002]

1. Field

[0003]

Example embodiments relate to a semiconductor

transistor that may be formed on the ?rst and second semi

conductor layers, respectively.
[0012] The epi-layer may include a SiGe layer.
[0013] The ?rst semiconductor layer may include a loWer
layer and an upper layer that may be sequentially stacked on
the epi-layer, Wherein the loWer layer may be a layer in Which
a channel may be formed and the upper layer may be a

capping layer.
[0014] The loWer layer may include a compressive strained
Ge layer or a compressive strained GaAs layer.
[0015] The capping layer may include a Si layer.
[001 6] A thickness of the capping layer may be in a range of
3 to 100 nm.

device and a method of manufacturing the same, and more

particularly, to a complementary metal oxide semiconductor
(CMOS) device and a method of manufacturing the same.
[0004] 2. Description of the Related Art
[0005] As is Well-knoWn, metal oxide semiconductor
(MOS) transistors are used in the ?eld of electronic devices.

In particular, complementary metal oxide semiconductor
(CMOS) devices, in Which a P-channel MOS (PMOS) tran
sistor and an N-channel MOS (NMOS) transistor are formed

together to operate complementarily, may be used in various
kinds of electronic devices due to their many advantages,

such as loW poWer consumption, Wide-range operation
region, high noise margin, and the like.
[0006] As the need for higher operation speed, reduced size

[0017]

The second semiconductor layer may include a ten

sile strained Si layer.
[0018] According to example embodiments, there may be
provided a CMOS device, including: a ?rst semiconductor
layer and a second semiconductor layer that may be formed
on different regions of a substrate, respectively; and a PMOS
transistor and a NMOS transistor that may be formed on the

?rst and second semiconductor layers, respectively, Wherein
the ?rst semiconductor layer comprises a loWer layer in Which
a channel may be formed and a capping layer may be formed

on the loWer layer, and the capping layer and the second
semiconductor layer may be formed of the same material.
[0019] A SiGe layer may be formed on the substrate, and
the ?rst and second semiconductor layers may be formed on

and reduced manufacturing cost of the electronic devices,
such as memory devices, increases, research for increasing

the SiGe layer.
[0020] The loWer layer may include a compressive strained

the operation speed and degree of integration of CMOS
devices has been conducted.

Ge layer or a compressive strained GaAs layer.
[0021] The second semiconductor layer may include a ten

[0007] In general, if the length of a channel is shortened, the
degree of integration of the transistor is increased, While the
amount of current ?oWing through the channel is also

sile strained Si layer.
[0022] A thickness of the capping layer may be in a range of

increased. HoWever, if the length of the channel is less than a
critical value, a short channel effect may occur. Speci?cally,
a shortened channel length may cause the potential of a source

and a channel to be in?uenced by the potential of a drain.

Accordingly, it may be di?icult to increase the operation
speed and/or degree of integration of a transistor by shorten

ing the length of the channel.
[0008] Thus, research has been conducted to increase the
output current and/or sWitching performance of a transistor

by increasing the carrier mobility of the channel. HoWever,
since conventional methods may use an expensive silicon on

insulator (SIO) substrate, or a Wafer bonding method, or the

like, problems associated With manufacturing processes may
be complicated and/or costly.
SUMMARY

[0009]

Example embodiments may provide a complemen

tary metal oxide semiconductor (CMOS) device that may
include a channel having a higher carrier mobility, Which may
be more easily manufactured at a loWer manufacturing cost.

[0010]

Example embodiments also may provide a method

of manufacturing a CMOS device.

[0011] According to example embodiments, there may be

3 to 100 nm.

[0023] According to example embodiments, there may be
provided a method of manufacturing a CMOS device, includ
ing: forming an epi-layer on a substrate; forming ?rst and
second semiconductor layers on ?rst and second regions of

the epi-layer, respectively; and forming PMOS and NMOS
transistors on the ?rst and second semiconductor layers,

respectively.
[0024] The epi-layer may be formed of SiGe.
[0025] The ?rst semiconductor layer may include a loWer
layer and an upper layer that may be sequentially stacked on
the epi-layer, Wherein the loWer layer may be a layer in Which
a channel may be formed and the upper layer may be a

capping layer.
[0026] Forming the ?rst and second semiconductor layers
on the ?rst and second regions of the epi-layer, respectively
may include: forming the loWer layer on the ?rst region; and
forming the capping layer on the loWer layer and forming the
second semiconductor layer on the second region.
[0027] The second semiconductor layer and the capping
layer may be formed of the same material.

[0028] The second semiconductor layer and the capping
layer may be simultaneously formed.

provided a CMOS device, including: an epi-layer formed on

[0029]

a substrate; a ?rst semiconductor layer and a second semi

sile strained Si layer.
[0030] The loWer layer may include a compressive strained

conductor layer that may be formed on different regions of the
epi-layer, respectively; and a PMOS transistor and a NMOS

The second semiconductor layer may include a ten

Ge layer or a compressive strained GaAs layer.
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[0031]

The capping layer may be formed With a thickness

in the range of3 to 100 nm.

singular forms a , an” and “the” are intended to include the

plural forms as Well, unless the context clearly indicates oth
erWise. It Will be further understood that the terms “com

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] The above and other features and advantages of
example embodiments Will become more apparent by
describing in detail example embodiments With reference to
the attached draWings. The accompanying draWings are
intended to depict example embodiments and should not be
interpreted to limit the intended scope of the claims. The
accompanying draWings are not to be considered as draWn to

scale unless explicitly noted.
[0033] FIG. 1 is a cross-sectional vieW of a complementary
metal oxide semiconductor (CMOS) device according to an

example embodiment.
[0034] FIGS. 2A through 2E are cross-sectional vieWs
illustrating a method of manufacturing the CMOS device
according to an example embodiment.
[0035] FIGS. 3A through 3C are cross-sectional vieWs
illustrating a method of manufacturing a CMOS device,

according to another example embodiment.
DESCRIPTION OF EXAMPLE EMBODIMENTS

[0036] Detailed example embodiments are disclosed
herein. HoWever, speci?c structural and functional details
disclosed herein are merely representative for purposes of

describing example embodiments. Example embodiments
may, hoWever, be embodied in many alternate forms and
should not be construed as limited to only the embodiments
set forth herein.

[0037] Accordingly, While example embodiments are
capable of various modi?cations and alternative forms,
embodiments thereof are shoWn by Way of example in the
draWings and Will herein be described in detail. It should be
understood, hoWever, that there is no intent to limit example
embodiments to the particular forms disclosed, but to the

prises”, “comprising,”, “includes” and/or “including”, When
used herein, specify the presence of stated features, integers,
steps, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other fea

tures, integers, steps, operations, elements, components, and/
or groups thereof.

[0041] It should also be noted that in some alternative
implementations, the functions/acts noted may occur out of

the order noted in the ?gures. For example, tWo ?gures shoWn
in succession may in fact be executed substantially concur
rently or may sometimes be executed in the reverse order,

depending upon the functionality/acts involved.
[0042] FIG. 1 is a cross-sectional vieW of a complementary
metal oxide semiconductor (CMOS) device according to an

example embodiment.
[0043]

Referring to FIG. 1, an epi-layer 110 may be formed

on a substrate 100 that may be a Si substrate, and the epi-layer

110 may be a SiGe layer, for example, a SiO_5GeO_5 layer. A
?rst semiconductor layer SL1 and a second semiconductor

layer SL2 may be formed on different regions of the epi-layer
110, respectively. An insulating layer 115 may be formed on
the epi-layer 110 as a separation layer betWeen the ?rst semi
conductor layer SL1 and the second semiconductor layer
SL2.

[0044] The ?rst semiconductor layer SL1 may include a
loWer layer 120 and an upper layer 13011 that may be sequen
tially stacked on the epi-layer 110. The loWer layer 120 may
be a layer in Which a channel may be formed, and the upper

layer 130a may be a capping layer. The loWer layer 120 may
be a Ge layer or a GaAs layer and the upper layer 130a may
be a Si layer. The second semiconductor layer SL2 may be a

Si layer.

throughout the description of the ?gures.

[0045] The loWer layer 120 and the second semiconductor
layer SL2 may be epitaxially groWn on the epi-layer 110. The
loWer layer 120 may be a compressive strained layer, and the
second semiconductor layer SL2 may be a tensile strained
layer. The loWer layer 120 and the second semiconductor
layer SL2 may be compressive and tensile strained, respec

[0038]

It Will be understood that, although the terms ?rst,

tively, according to a difference in a lattice constant of the

second, etc. may be used herein to describe various elements,
these elements should not be limited by these terms. These
terms are only used to distinguish one element from another.
For example, a ?rst element could be termed a second ele
ment, and, similarly, a second element could be termed a ?rst

material of the epi-layer 110, the loWer layer 120 and the
second semiconductor layer SL2. For example, since a lattice
constant of SiGe (an example of the material of the epi-layer
110) is greater than that of Si (an example of the material of
the second semiconductor layer SL2), the Si layer of the
semiconductor layer SL2 groWn on the SiGe layer of the
epi-layer 110 may be tensile strained. Also, since the lattice

contrary, example embodiments are to cover all modi?ca

tions, equivalents, and alternatives falling Within the scope of
example embodiments. Like numbers refer to like elements

element, Without departing from the scope of example
embodiments. As used herein, the term “and/ or” includes any
and all combinations of one or more of the associated listed

items.
[0039] It Will be understood that When an element is
referred to as being “connected” or “coupled” to another
element, it may be directly connected or coupled to the other
element or intervening elements may be present. In contrast,
When an element is referred to as being “directly connected”
or “directly coupled” to another element, there are no inter
vening elements present. Other Words used to describe the
relationship betWeen elements should be interpreted in a like

fashion (e.g., “betWeen” versus “directly betWeen”, “adja
cent” versus “directly adjacent”, etc.).
[0040] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of example embodiments. As used herein, the

constant of SiGe is less than that of Ge or GaAs (an example
of the material of the loWer layer 120), a Ge layer or GaAs
layer of the loWer layer 120 groWn on the SiGe layer of the

epi-layer 110 may be compressive strained. The epi-layer
110, the loWer layer 120, and the second semiconductor layer
SL2 need not be limited to the SiGe layer, the Ge layer or the

GaAs layer, and the Si layer, respectively, as long as the
epi-layer 110 may be formed of material having a lattice
constant greater than that of the second semiconductor layer
SL2 and less than that of the loWer layer 120.
[0046] A PMOS transistor PT1 may be formed on the ?rst
semiconductor layer SL1, and a NMOS transistor NT1 may
be formed on the second semiconductor layer SL2. The
PMOS transistor PT1 may include a ?rst gate G1, and a ?rst
source S1 and a ?rst drain D1 that are formed at both sides of

Apr. 16, 2009

US 2009/0095981 Al

the ?rst semiconductor layer SL1, such that the ?rst gate G1

[0052]

may be formed on the ?rst semiconductor layer SL1 to be
betWeen the ?rst source S1 and the ?rst drain D1. In an
example embodiment, the ?rst source S1 and the ?rst drain

formed on a substrate 100 that may be a Si substrate, and the

D1 may be p+ doping regions. The NMOS transistor NT1
may include a second gate G2, and a second source S2 and a

second drain D2 that may be formed at both sides of the

Referring to FIG. 2A, a epi-layer 110 may be

epi-layer 110 may be a SiGe layer, for example, a SiO_5GeO_5
layer. An insulating layer 115 may be formed on a part of the
epi-layer 110. The insulating layer 115 may be a silicon oxide
layer or a silicon nitride layer. A loWer layer 120 may be
formed on the epi-layer 110 Where the insulating layer is not

second semiconductor layer SL2, such that the second gate

formed. The loWer layer 120 may be a Ge layer or a GaAs

G2 may be formed on the second semiconductor layer SL2 to
be betWeen the second source S2 and the second drain D2.
The second source S2 and the second drain D2 may be n+

layer that may be epitaxially groWn on the epi-layer 110, and
may be a compressive strained layer. The loWer layer 120 may
be formed to be loWer in height than the insulating layer 115.
[0053] Then, referring to FIG. 2B, a part of the insulating

doping regions. The ?rst gate G1 may include a ?rst gate
insulating layer 140a and a ?rst gate conductive layer 15011
that may be sequentially stacked on the ?rst semiconductor
layer SL1, and the second gate G2 may include a second gate

layer 115 may be removed so as to expose a part of the

tor layer SL2. The ?rst gate conductive layer 150a and the
second gate conductive layer 1501) may either be formed of

epi-layer 110, Which may be spaced apart from the loWer
layer 120.
[0054] Referring to FIG. 2C, a semiconductor layer 130
may be formed on the loWer layer 120 and the exposed epi
layer 110. The semiconductor layer 130 may be a Si layer and
may be formed using an epitaxial groWth method. In example

the same material, or not. An insulating spacer 160 may be
further formed at both side Walls of the ?rst and second gates
G1 and G2.

the insulating layer 115. The crystal structure of the semicon
ductor layer 130 formed on the insulating layer 115 may be

insulating layer 1401) and a second gate conductive layer 1501)
that may be sequentially stacked on the second semiconduc

[0047]

embodiments, the semiconductor layer 13 0 may be formed on

When the ?rst gate insulating layer 14011 is directly

different from that of the semiconductor layer 130 formed on

formed on the loWer layer 120, the characteristics of the loWer

the epi-layer 110 and the loWer layer 120. For example, the
semiconductor layer 130 formed on the insulating layer 115
may be amorphous or polycrystalline. HoWever, if lateral
groWth of the semiconductor layer 130 is promoted by con

layer 120 may deteriorate, and thus, the upper layer 130a may
be used to cap the loWer layer 120 and reduce or prevent such

deterioration. As described above, the upper layer 130a may
be a Si layer and may not be used as a channel. That is,

trolling conditions of the epitaxial groWth process, the epi

because When a predetermined or given voltage is applied to
the ?rst gate conductive layer 15011, a channel may be formed
faster in the loWer layer 120 than in the upper layer 130a.
HoWever, to easily form the channel in the loWer layer 120,

taxial semiconductor layer 130 may be formed on the insu

the upper layer 130a may be formed With a thickness in the
range of3 to 100 nm.

[0048]

lating

layer 115.

Under different conditions,

the

semiconductor layer 130 may not be formed on the insulating

layer 115.
[0055]

The semiconductor layer 130 may be etched until

the insulating layer 115 may be exposed by using the insulat

The loWer layer 120 betWeen the ?rst source S1 and

ing layer 115 as an etch stop layer. The etching process may

the ?rst drain D1 may be a P-channel that functions as a path

be performed using a chemical mechanical polishing (CMP)

for holes. As described above, the loWer layer 120 may be a
Ge layer or a GaAs layer that may be a compressive strained
layer. A movement speed of holes in the Ge layer or the GaAs
layer may be faster than that of in a Si layer. A movement
speed of holes in the compressive strained Ge layer or the
compressive strained GaAs layer may be faster than that of a
non-strained Ge layer or a non-strained GaAs layer. Accord
ingly, the P-channel of the loWer layer 120 may have a higher
hole mobility, and the PMOS transistor PT1 may have a

method. The result of the etching process is illustrated in FIG.
2D. Referring to FIG. 2D, the semiconductor layer SL2
remaining on the epi-layer 110 may be equivalent to the
second semiconductor layer SL2 of FIG. 1, and the semicon
ductor layer 130a remaining on the loWer layer 120 may be
equivalent to the upper layer 13011 of FIG. 1. Hereinafter, the
semiconductor layer SL2 formed on the epi-layer 110 Will be
referred to as the second semiconductor layer SL2, and the
semiconductor layer 130a formed on the loWer layer 120 Will
be referred to as the upper layer 13 0a. The loWer layer 120 and
the upper layer 130a constitute the ?rst semiconductor layer
SL1 of FIG. 1.
[0056] Referring to FIG. 2E, a PMOS transistor PT1 may
be formed on the ?rst semiconductor layer SL1, and a NMOS

higher movement speed and a higher sWitching pcrformancc.
[0049]

The second semiconductor layer SL2 betWeen the

second source S2 and the second drain D2 may be a N-chan
nel that functions as a path of electrons. The second semicon
ductor layer SL2 that may be used as the N-channel may be a

tensile strained Si layer. A movement speed of electrons in the
tensile strained Si layer is faster than that of an Si layer that is
not tensile strained. In other Words, the N-channel of the
second semiconductor layer SL2 may have a higher electron
mobility. Accordingly, the NMOS transistor NT1 may have a

higher movement speed and a higher sWitching performance.
[0050] In addition, if Schottky barrier junctions are formed
on the ?rst source S1, the ?rst drain D1, the second source S2,
and the second drain D2, their contact resistance may be

reduced. Therefore, the movement speed of the CMOS device
may be further increased.
[0051] FIGS. 2A through 2E are cross-sectional vieWs
illustrating a method of manufacturing the CMOS device
according to an example embodiment.

transistor NT1 may be formed on the second semiconductor

layer SL2. In example embodiments, after ?rst and second
gates G1 and G2 are formed on the ?rst and second semicon

ductor layers SL1 and SL2 respectively, an insulating spacer
160 may be formed at both side Walls of the ?rst and second
gates G1 and G2. The ?rst gate G1 may include a ?rst gate

insulating layer 140a and a ?rst gate conductive layer 150a
sequentially stacked on the ?rst semiconductor layer SL1,
and the second gate G2 may include a second gate insulating
layer 1401) and a second gate conductive layer 1501) sequen
tially stacked on the second semiconductor layer SL2. The
?rst gate conductive layer 150a and the second gate conduc
tive layer 1501) may either be formed of the same material, or
not. A ?rst source S1 and a ?rst drain D1 may be formed by

Apr. 16, 2009

US 2009/0095981 A1

doping p-type impurities With high concentration in the ?rst

materials, or the layers may be individually formed at differ

semiconductor layer SL1 at both side portions of the ?rst gate

ent times rather than at the same time.

G1 . A second source S2 and a second drain D2 may be formed

[0064] Example embodiments having thus been described,

by doping n-type impurities With high concentration in the

it Will be obvious that the same may be varied in many Ways.
Such variations are not to be regarded as a departure from the

second semiconductor layer SL2 at both side portions of the
second gate G2. The ?rst gate G1, the ?rst source S1, and the
?rst drain D1 constitute the PMOS transistor PT1 and the
second gate G2, the second source S2, and the second drain
D2 constitute the NMOS transistor NT1.
[0057] Although not shoWn in the draWings, after a metal
layer may be formed on the ?rst source S1, the ?rst drain D1,
the second source S2, and the second drain D2, an annealing

intended spirit and scope of example embodiments, and all
such modi?cations as Would be obvious to one skilled in the
art are intended to be included Within the scope of the folloW

ing claims.
What is claimed is:

1. A complementary metal oxide semiconductor (CMOS)

device, comprising:

process may be performed thereon. By performing the

an epi-layer on a substrate;

annealing process, dopants of the ?rst source S1, the ?rst
drain D1, the second source S2, and the second drain D2 may
be segregated to form a Schottky barrier junction. As a result,

a ?rst semiconductor layer and a second semiconductor

a contact resistance of the ?rst source S1, the ?rst drain D1,
the second source S2, and the second drain D2 may be
reduced.

[0058] The above-described method of manufacturing the
CMOS device according to example embodiments may be
modi?ed into various forms. For example, the method of
manufacturing the CMOS device illustrated in FIG. 2D may

layer on different regions of the epi-layer;
a PMOS transistor on the ?rst semiconductor layer; and
a NMOS transistor on the second semiconductor layer.

2. The CMOS device of claim 1, Wherein the epi-layer
comprises a SiGe layer.

through 3C.

3. The CMOS device of claim 1, Wherein the ?rst semicon
ductor layer comprises a loWer layer over the epi-layer and an
upper layer over the loWer layer, Wherein the loWer layer
forms a channel and the upper layer is a capping layer.
4. The CMOS device of claim 3, Wherein the loWer layer
comprises a compressive strained Ge layer or a compressive

[0059] Referring to FIG. 3A, an insulating layer 115' may
be higher than the insulating layer 115 of FIG. 2B. Other parts
except for the height of the insulating layer 115' may be

strained GaAs layer.
5. The CMOS device of claim 3, Wherein the capping layer
comprises a Si layer.

substantially the same as illustrated in FIG. 2B.

6. The CMOS device of claim 3, Wherein a thickness of the
capping layer is about 3 to 100 nm.
7. The CMOS device of claim 1, Wherein the second semi

be varied, and one of its variations is illustrated in FIGS. 3A

[0060] Referring to FIG. 3B, a semiconductor layer 130
may be groWn on the epi-layer 110 and the loWer layer 120

using an epitaxial groWth method.
[0061] A structure illustrated in FIG. 3C may be obtained
by performing a CMP method on the semiconductor layer
130 and the insulating layer 115'. The structure of the CMOS
device illustrated in FIG. 3C may be substantially the same as
that of the CMOS device illustrated in FIG. 2D. The subse

quent methods of manufacturing the CMOS device may be
the same as the above-described methods.

[0062]

According to an example embodiment, since a

CMOS device may be manufactured from a Si substrate With

out using a Wafer bonding method, a manufacturing process
of the CMOS device may be simpli?ed, and a manufacturing
cost of the CMOS device may be reduced as compared to a
CMOS device manufactured from another substrate such as a
SOI substrate, or as compared to When a CMOS device is

manufactured using a Wafer bonding method. For example, a
method of manufacturing a CMOS device Where the second
semiconductor layer SL2 and the upper layer 13011 are formed
of the same material, and Where the layers may be groWn

simultaneously, that is, Where the second semiconductor
layer SL2 and the upper layer 13011 are formed using an

epitaxial groWth process that may performed only once, the
number of processes and/or the manufacturing cost may be
reduced.

[0063] While example embodiments have been shoWn and
described, these embodiments shall not be limiting. For
example, one skilled in this art shall understand that the
structure and elements of a CMOS device illustrated FIG. 1,
and the method of manufacturing a CMOS device described
With reference to FIGS. 2A through 2E, may be modi?ed in
various Ways. For example, a second semiconductor layer
SL2 and an upper layer 130a may be formed of different

conductor layer comprises a tensile strained Si layer.
8. A complementary metal oxide semiconductor (CMOS)

device, comprising:
a ?rst semiconductor layer and a second semiconductor

layer on different regions of a substrate;
a PMOS transistor on the ?rst semiconductor layer; and
a NMOS transistor on the second semiconductor layer,
Wherein the ?rst semiconductor layer includes a loWer

layer in Which a channel is formed and a capping layer
on the loWer layer, and the capping layer and the second
semiconductor layer are formed of the same material.

9. The CMOS device of claim 8, further comprising:
a SiGe layer on the substrate, and the ?rst and second
semiconductor layers are on the SiGe layer.

10. The CMOS device of claim 8, Wherein the loWer layer
comprises a compressive strained Ge layer or a compressive

strained GaAs layer.
11. The CMOS device of claim 8, Wherein the second

semiconductor layer comprises a tensile strained Si layer.
12. The CMOS device of claim 8, Wherein a thickness of
the capping layer is about 3 to 100 nm.
13. A method of manufacturing a complementary metal

oxide semiconductor (CMOS) device, comprising:
forming an epi-layer on a substrate;
forming a ?rst semiconductor layer on a ?rst region of the

epi-layer;
forming a second semiconductor layer on a second region

of the epi-layer;
forming a PMOS transistor on the ?rst semiconductor

layer; and
forming a NMOS transistor on the second semiconductor

layer.
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14. The method of claim 13, wherein the epi-layer is
formed of SiGe.

15. The method of claim 13, further comprising:
forming a lower layer over the epi-layer and an upper layer
over the loWer layer to form the ?rst semiconductor
layer, Wherein the loWer layer forms a channel and the

upper layer is a capping layer.
16. The method of claim 15, Wherein the forming the ?rst
and second semiconductor layers on the ?rst and second

regions of the epi-layer, respectively comprises:
forming the loWer layer on the ?rst region; and

17. The method of claim 15, Wherein the second semicon
ductor layer and the capping layer are formed of the same
material.
18. The method of claim 17, Wherein the second semicon

ductor layer and the capping layer are simultaneously formed.
19. The method of claim 13, Wherein the second semicon

ductor layer comprises a tensile strained Si layer.
20. The method of claim 17, Wherein the second semicon

ductor layer comprises a tensile strained Si layer.
21. The method of claim 15, Wherein the loWer layer com
prises a compressive strained Ge layer or a compressive

strained GaAs layer.
22. The method of claim 15, Wherein the capping layer is
formed With a thickness of about 3 to 100 nm.

forming the capping layer on the loWer layer and forming
the second semiconductor layer on the second region.

*

*

*

*

*

