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(57) ABSTRACT 

A complementary metal-oxide semiconductor (CMOS) 
device includes an NMOS thin body channel including a 
silicon epitaxial layer. An NMOS insulating layer is formed 
on a surface of the NMOS thin body channel and surrounds 
the NMOS thin body channel. An NMOS metal gate is 
formed on the NMOS insulating layer. The CMOS device 
further includes a p-channel metal-oxide semiconductor 
(PMOS) transistor including a PMOS thin body channel 
including a silicon epitaxial layer. A PMOS insulating layer 
is formed on a surface of and surrounds the PMOS thin body 
channel. A PMOS metal gate is formed on the PMOS 
insulating layer. The NMOS insulating layer includes a 
silicon oxide layer and the PMOS insulating layer includes 
an electron-trapping layer, the NMOS insulating layer 
includes a hole trapping dielectric layer and the PMOS 
insulating layer includes a silicon oxide layer, or the NMOS 
insulating layer includes a hole-trapping dielectric layer and 

(51) Int. Cl. the PMOS insulating layer includes an electron-trapping 
H01L 29/94 (2006.01) dielectric layer. 
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COMPLEMENTARY METAL-OXIDE 
SEMICONDUCTOR (CMOS) DEVICES 

INCLUDING A THIN-BODY CHANNEL AND DUAL 
GATE DIELECTRIC LAYERS AND METHODS OF 

MANUFACTURING THE SAME 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims priority to Korean Patent 
Application No. 10-2004-0081111, ?led on Oct. 11, 2004, in 
the Korean Intellectual Property Of?ce, the disclosure of 
Which is hereby incorporated herein by reference in its 
entirety. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] The present invention relates to semiconductor 
devices and methods of manufacturing the same, and, more 
particularly, to complementary metal-oxide semiconductor 
(CMOS) devices and methods of manufacturing the same. 

[0004] 2. Description of the Related Art 

1. Field of the Invention 

[0005] Typically, a gate of metal-oxide semiconductor 
?eld effect transistors (MOSFETs) comprises polysilicon. 
HoWever, because the design rule of complementary metal 
oxide semiconductor (CMOS) devices is typically less than 
100 nm, the use of a polysilicon gate may result in gate 
depletion and boron (Br) penetration. Recently, high-k mate 
rials have been used to form gate-insulating layers. HoW 
ever, most high-k materials and polysilicon typically cannot 
be used together. To solve this problem, a metal gate may be 
used in sub-100 nm CMOS devices. 

[0006] In a CMOS device including an n-channel metal 
oxide semiconductor (NMOS) transistor and a p-channel 
metal-oxide semiconductor (PMOS) transistor, the NMOS 
and PMOS transistors may have a symmetric threshold 
voltage. When a CMOS device is designed for high perfor 
mance, the NMOS transistor and the PMOS transistor 
included therein may have a threshold voltage as loW as 10.2 
V. To manufacture such a CMOS device With a symmetric 
threshold voltage, much research has been conducted. 

[0007] The threshold voltage of the NMOS transistor and 
the PMOS transistor can be controlled by changing the 
concentration of a dopant for channels of the NMOS and 
PMOS transistors. The doping concentration of the channels 
can be adjusted using an ion implantation process. HoWever, 
ion implantation may be used only for a planar transistor 
including a bulk substrate. That is, ion implantation typically 
cannot be used for 3-dimentional transistors, such as a 
transistor With a thin body channel. A transistor With a thin 
body channel may be referred to as a transistor With a thin 
channel region. Examples of transistors With thin channel 
regions include double gate (DG) electric ?eld effect tran 
sistors, FinFETs, GAA electric ?eld effect transistors, multi 
bridge channel electric ?eld effect transistors (see US. 
Publication No. 2004/0063286 A1) and the like. The channel 
region of a transistor With a thin channel is separated from 
a bulk substrate, and is formed as a thin layer. Therefore, 
changing the doping concentration of the channel region by 
using an ion implantation process typically cannot be used 
to control the threshold voltage of the NMOS transistor and 
the PMOS transistor. 
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[0008] When a metal gate is used, to obtain a symmetric 
threshold voltage in the NMOS and PMOS transistors, the 
Work function of the metal gate of the NMOS transistor may 
be similar to the Work function of an n+ polysilicon gate and 
the Work function of the metal gate of the PMOS transistor 
to a p+ polysilicon gate. For example, a dual metal gate can 
be used to make the Work function of the metal gate similar 
to that of a polysilicon gate. For example, a CMOS device 
including a dual metal gate is disclosed in “Dual-Metal Gate 
CMOS Technology With Ultrathin silicon Nitride Gate 
Dielectric”, IEEE electron Device Letters, Vol. 22, No. 5, 
May 2001, pp. 227-229 by Yee-chia Yeo et al., in Which an 
NMOS transistor has a gate electrode comprising Ti and a 
PMOS transistor has a gate electrode comprising Mo. HoW 
ever, the use of different materials to form gates makes the 
manufacturing process more complex. 

[0009] A possible solution is forming the gates of the 
NMOS transistor and the PMOS transistor using identical 
materials With different Work functions. For example, a 
CMOS device including a gate comprising Mo is disclosed 
in “Metal Gate Work Function Adjustment for Future CMOS 
Technology”, 2001 symposium on VLSI Technology digest 
of Technical Papers, pp. 45-46 by Qiang Lu, et. al. In this 
case, a gate of a PMOS transistor comprises (110)-Mo, and 
a gate of an NMOS transistor comprises (110)-Mo in Which 
nitrogen ions are implanted. When nitrogen ions are 
implanted into (110)-Mo, the Work function of the metal 
decreases. Therefore, a CMOS device With a symmetric 
threshold voltage can be manufactured using a single metal. 

[0010] In addition, a CMOS device including a gate com 
prising TiNx is disclosed in “A Dual-Metal Gate CMOS 
Technology Using Nitrogen-Concentration-Controlled TiNx 
Film”, IEEE Transactions on Electron Devices, Vol. 48, No. 
10, Oct. 2001, pp. 2363-2369 by Hitoshi Wakabayashi, et. al. 
In this case, threshold voltages of an NMOS transistor and 
a PMOS transistor are controlled using a loW-poWer nitro 
gen ion implantation process by changing a nitrogen con 
centration of a TiNx gate electrode. In addition, because the 
nitrogen concentration of the TiNx gate electrode can be 
controlled, a CMOS device can be manufactured using a 
conventional NMOS transistor manufacturing technique. 

[0011] HoWever, the CMOS devices and methods of 
manufacturing the same discussed in the above-mentioned 
references typically cannot be used for 3-dimentional tran 
sistors With a thin body channel. For example, a multi-bridge 
channel ?eld effect transistor (MBCFET) typically includes 
a gate electrode surrounding a channel, and a DG FET 
typically includes a gate electrode formed on a bottom 
surface of a channel as Well as a gate electrode formed on a 

top surface of a channel. Therefore, Whether the gate elec 
trode comprises (110)-Mo or TiNx, a Work function of the 
gate electrode, that is, a threshold voltage of the transistor, 
generally cannot be controlled by the nitrogen ion implant 
ing process. This problem may also occur When a thin 
channel transistor With other types is used. 

[0012] Further, it is generally dif?cult to form the gate of 
the thin channel transistor using the above-mentioned metal 
materials. That is, currently, Ta-nitride, Mo, Hf, Titanium 
nitride, or the like is introduced as a metal gate material and, 
in particular, refractory metal materials typically cannot be 
patterned to have a desired pro?le by using dry etching and 
chemical mechanical polishing (CMP). Thus, metal gate 
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materials, Which are suitable for the known structures and 
manufacturing methods of conventional CMOS devices, 
may be limited. 

SUMMARY OF THE INVENTION 

[0013] According to some embodiments of the present 
invention, a complementary metal-oxide semiconductor 
(CMOS) device includes an NMOS thin body channel 
including a silicon epitaxial layer. An NMOS insulating 
layer is formed on a surface of the NMOS thin body channel 
and surrounds the NMOS thin body channel. An NMOS 
metal gate is formed on the NMOS insulating layer. The 
CMOS device further includes a p-channel metal-oxide 
semiconductor (PMOS) transistor including a PMOS thin 
body channel including a silicon epitaxial layer. A PMOS 
insulating layer is formed on a surface of and surrounds the 
PMOS thin body channel. A PMOS metal gate is formed on 
the PMOS insulating layer. The NMOS insulating layer 
includes a silicon oxide layer and the PMOS insulating layer 
includes an electron-trapping layer, the NMOS insulating 
layer includes a hole trapping dielectric layer and the PMOS 
insulating layer includes a silicon oxide layer, or the NMOS 
insulating layer includes a hole-trapping dielectric layer and 
the PMOS insulating layer includes an electron-trapping 
dielectric layer. 

[0014] The electron-trapping dielectric layer may include 
A1203 layer. The PMOS insulating layer may further include 
a PMOS interface layer interposed betWeen the PMOS thin 
body channel and the A1203 layer. 

[0015] The hole-trapping dielectric layer may include an 
HfO2 layer. The NMOS insulating layer may further include 
an NMOS interface layer interposed betWeen the surface of 
the NMOS thin body channel and the HfO2 layer. 

[0016] Each of the NMOS thin body channel and the 
PMOS thin body channel may include an undoped silicon 
epitaxial layer or an N-doped silicon epitaxial layer. 

[0017] The NMOS metal gate and the PMOS metal gate 
may be made from identical materials, such as TiN or the 
like, or different materials. 

[0018] An NMOS source/ drain region may be formed next 
to both sides of the NMOS active channel pattern to be 
connected to the NMOS thin body channels and a PMOS 
source/drain region may be formed next to both sides of the 
PMOS active channel pattern to be connected to the NMOS 
thin body channels. An NMOS source/drain extension layer 
may be interposed betWeen the NMOS thin body channel 
and the NMOS source/drain region and a PMOS source/ 
drain extension layer may be interposed betWeen the PMOS 
thin body channel and the PMOS source/drain region. 

[0019] In other embodiments of the present invention, a 
CMOS device is manufactured by the folloWing operations: 
forming a preliminary layer for forming a channel on a 
semiconductor substrate in Which an NMOS region and a 
PMOS region are de?ned, the preliminary layer including a 
sacri?cial layer and a thin body channel layer; patterning the 
preliminary layer for forming the channel to form a prelimi 
nary pattem for forming an NMOS channel in the NMOS 
region and a preliminary pattern for forming a PMOS 
channel in the PMOS region; anisotropically etching the 
ends of the preliminary patterns for forming the NMOS and 
PMOS channels until a surface of the semiconductor sub 
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strate is exposed to form a groove, thereby forming a pattern 
for forming the NMOS channel in the NMOS region and a 
pattern for forming the PMOS channel in the PMOS region; 
forming an NMOS source/drain region and a PMOS source/ 
drain region by ?lling the groove With a material layer; 
forming an NMOS thin body channel and a PMOS thin body 
channel by removing a residual sacri?cial layer of the 
patterns for forming the NMOS and PMOS thin body 
channels; forming an NMOS insulating layer surrounding 
the NMOS thin body channel on a surface of the NMOS thin 
body channel When the PMOS region is masked; forming an 
NMOS metal gate pattern on a surface of and surrounding 
the NMOS insulating layer; forming a PMOS insulating 
layer surrounding the PMOS thin body channel on a surface 
of the PMOS thin body channel When the NMOS region is 
masked; and forming a PMOS metal gate pattern on a 
surface of and surrounding the PMOS insulating layer. The 
NMOS insulating layer includes a silicon oxide layer and the 
PMOS insulating layer includes an electron-trapping layer, 
the NMOS insulating layer includes a hole trapping dielec 
tric layer and the PMOS insulating layer includes a silicon 
oxide layer, or the NMOS insulating layer includes a hole 
trapping dielectric layer and the PMOS insulating layer 
includes an electron-trapping dielectric layer. 

[0020] Forming an NMOS insulating layer and forming 
the NMOS metal gate pattern may be preceded by the 
forming a PMOS insulating layer and the forming a PMOS 
metal gate pattern. 

[0021] The patterns for forming NMOS and PMOS chan 
nels may be trimmed before the forming NMOS and PMOS 
source/drain regions. 

[0022] In still other embodiments of the present invention, 
an NMOS source/drain extension layer and a PMOS source/ 
drain extension layer may be formed on sideWalls of the 
patterns for forming NMOS and PMOS channels, respec 
tively, before the forming the NMOS and PMOS source/ 
drain regions. The NMOS and PMOS source/drain exten 
sion layers may be formed by epitaxial groWth. 

[0023] A shalloW trench isolation layer may be formed in 
a portion of the semiconductor substrate on Which the 
preliminary patterns for forming NMOS and PMOS chan 
nels are not formed after the forming preliminary patterns 
for forming NMOS and PMOS channels, and exposing a 
side of the patterns for forming the NMOS and PMOS 
channels may include etching the shalloW trench isolation 
layer. 

[0024] In still other embodiments of the present invention, 
the patterns for forming NMOS and PMOS channels may be 
trimmed betWeen forming patterns for forming NMOS and 
PMOS channels and forming an NMOS and PMOS source/ 
drain region. 

[0025] In still other embodiments of the present invention, 
an NMOS source/drain extension layer and a PMOS source/ 
drain extension layer may be formed on sideWalls of the 
patterns for forming NMOS and PMOS channels, respec 
tively. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] The above and other features and advantages of the 
present invention Will become more apparent by describing 
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in detail exemplary embodiments thereof With reference to 
the attached drawings in Which: 

[0027] FIG. 1A is a plan vieW of a complementary metal 
oxide semiconductor (CMOS) device including an n-chan 
nel metal-oxide semiconductor (N MOS) multi-bridge chan 
nel ?eld effect transistor (MBCFET) and a p-channel metal 
oxide semiconductor (PMOS) MBCFET according to some 
embodiments of the present invention; 

[0028] FIG. 1B is a sectional vieW taken along lines AA‘ 
and CC‘ shoWn in FIG. 1A; 

[0029] FIG. 1C is a sectional vieW taken along lines BB‘ 
and DD‘ shoWn in FIG. 1A; 

[0030] FIG. 2 is a graph illustrating a drain current per 
unit With respect to a gate voltage of an NMOS MBCFET 
and a PMOS MBCFET, each including a silicon oxide 
dielectric layer and a TIN gate in accordance With some 
embodiments of the present invention; and 

[0031] FIGS. 3A through 3K are perspective vieWs illus 
trating methods of manufacturing the CMOS device shoWn 
in FIG. 1 in accordance With some embodiments of the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0032] The invention noW Will be described more fully 
hereinafter With reference to the accompanying draWings, in 
Which embodiments of the invention are shoWn. This inven 
tion may, hoWever, be embodied in many different forms and 
should not be construed as limited to the embodiments set 
forth herein. Rather, these embodiments are provided so that 
this disclosure Will be thorough and complete, and Will fully 
convey the scope of the invention to those skilled in the art. 
Like reference numerals refer to like elements throughout 
the description of the ?gures. 

[0033] It Will be understood that When an element is 
referred to as being “on” another element, it can be directly 
on the other element or intervening elements may be present. 
In contrast, When an element is referred to as being “directly 
on” another element, there are no intervening elements 
present. As used herein, the term “and/or” includes any and 
all combinations of one or more of the associated listed 
items. 

[0034] It Will be understood that, although the terms ?rst, 
second, etc. may be used herein to describe various ele 
ments, these elements should not be limited by these terms. 
These terms are only used to distinguish one element from 
another. For example, a ?rst thin ?lm could be termed a 
second thin ?lm, and, similarly, a second thin ?lm could be 
termed a ?rst thin ?lm Without departing from the teachings 
of the disclosure. 

[0035] The terminology used herein is for the purpose of 
describing particular embodiments only and is not intended 
to be limiting of the invention. As used herein, the singular 
forms “a,”“an,” and “the” are intended to include the plural 
forms as Well, unless the context clearly indicates otherWise. 
It Will be further understood that the terms “comprises” 
and/ or “comprising,” or “includes” and/or “including” When 
used in this speci?cation, specify the presence of stated 
features, regions, integers, steps, operations, elements, and/ 
or components, but do not preclude the presence or addition 
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of one or more other features, regions, integers, steps, 
operations, elements, components, and/or groups thereof. 

[0036] Furthermore, relative terms, such as “loWer” or 
“bottom” and “upper” or “top,” may be used herein to 
describe one element’s relationship to another element as 
illustrated in the ?gures. It Will be understood that relative 
terms are intended to encompass different orientations of the 
device in addition to the orientation depicted in the ?gures. 
For example, if the device in one of the ?gures Were turned 
over, elements described as being on the “loWer” side of 
other elements Would then be oriented on “upper” sides of 
the other elements. The exemplary term “loWer,” can there 
fore, encompass both an orientation of “loWer” and “upper,” 
depending of the particular orientation of the ?gure. Simi 
larly, if the device in one of the ?gures is turned over, 
elements described as “beloW” or “beneath” other elements 
Would then be oriented “above” the other elements. The 
exemplary terms “beloW” or “beneath” can, therefore, 
encompass both an orientation of above and beloW. 

[0037] Unless otherWise de?ned, all terms (including tech 
nical and scienti?c terms) used herein have the same mean 
ing as commonly understood by one of ordinary skill in the 
art to Which this invention belongs. It Will be further 
understood that terms, such as those de?ned in commonly 
used dictionaries, should be interpreted as having a meaning 
that is consistent With their meaning in the context of the 
relevant art and the present disclosure, and Will not be 
interpreted in an idealiZed or overly formal sense unless 
expressly so de?ned herein. 

[0038] Embodiments of the present invention are 
described herein With reference to cross section illustrations 
that are schematic illustrations of idealiZed embodiments of 
the present invention. As such, variations from the shapes of 
the illustrations as a result, for example, of manufacturing 
techniques and/or tolerances, are to be expected. Thus, 
embodiments of the present invention should not be con 
strued as limited to the particular shapes of regions illus 
trated herein, but are to include deviations in shapes that 
result, for example, from manufacturing. For example, a 
region illustrated or described as ?at may, typically, have 
rough and/or nonlinear features. Moreover, sharp angles that 
are illustrated may be rounded. Thus, the regions illustrated 
in the ?gures are schematic in nature and their shapes are not 
intended to illustrate the precise shape of a region and are 
not intended to limit the scope of the present invention. 

[0039] Some embodiments of the present invention may 
provide a complementary metal-oxide semiconductor 
(CMOS) device including a CMOS device With a thin body 
channel and a symmetric threshold voltage, and a method of 
manufacturing the same. Some embodiments of the present 
invention may also provide a CMOS device including a 
CMOS device including a gate that can comprise a metal 
material and have a symmetric threshold voltage. Some 
embodiments of the present invention may also provide a 
CMOS device including a CMOS device With a loW oif 
leakage current and a loW, symmetric threshold voltage, 
Which may be useful for a high-performance CMOS device, 
and a method of manufacturing the same. 

[0040] FIG. 1A is a plan vieW of a complementary metal 
oxide semiconductor (CMOS) device including a multi 
bridge channel ?eld effect transistor (MBCFET) according 
to some embodiments of the present invention. FIG. 1B is 
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a sectional view taken along lines AA‘ and CC‘ shown in 
FIG. 1A. FIG. 1C is a sectional view taken along lines BB‘ 
and DD‘ shown in FIG. 1A. 

[0041] FIGS. 1A through 1C illustrate a thin body chan 
nel CMOS device, and, more particularly, a CMOS device 
including a MBCFET. In other embodiments of the present 
invention, a thin-body channel CMOS device may include 
different types of transistors, such as a CMOS device 
including a 3-dimentional transistor. Examples of a CMOS 
device including a 3-dimentional transistor include a CMOS 
device including a DG FET, a CMOS device including a GM 
PET, and the like. Hereinafter, a CMOS device including a 
MBCFET will be described in detail. 

[0042] Referring to FIGS.1A through 1C, an n-channel 
metal-oxide semiconductor (NMOS) transistor and a 
p-channel metal-oxide semiconductor (PMOS) transistor 
included in a CMOS device, in accordance with some 
embodiments of the present invention, have substantially 
identical structures. In addition, this structure may be sub 
stantially identical to a structure of a conventional thin body 
channel semiconductor transistor. However, the thin body 
CMOSFET, according to some embodiments of the present 
invention, is different from a conventional thin body CMOS 
FET in that materials comprising NMOS and PMOS insu 
lating layers 146 and 246 and NMOS and PMOS metal gates 
148 and 248 of the thin body CMOSFET are different from 
those of the conventional thin body CMOSFET. 

[0043] The NMOS transistor and the PMOS transistor in 
the MBCFETs included in the CMOS device according to 
some embodiments of the present invention will now be 
described with reference to FIGS. 1A through 1C (see, e. g., 
U.S. Publication No. 2004/0063286 A1). Referring to FIGS. 
1A through 1C, an NMOS region and a PMOS region are 
de?ned in a substrate 110 and 210. An NMOS thin body 
channel 144 is formed on the substrate 110 of the NMOS 
region. The NMOS thin body channel 144 comprises a 
plurality of channels 144a and 14419 stacked vertically. An 
NMOS source/drain region 134 is formed on opposite sides 
of the NMOS thin body channel 144 and is connected to the 
channels 144a and 1441). Likewise, a PMOS thin body 
channel 244 is formed on the substrate 210 of the PMOS 
region. The PMOS thin body channel 244 comprises a 
plurality of channels 244a and 24419 stacked vertically. A 
PMOS source/drain region 234 is formed on opposite sides 
of the PMOS thin body channel 244 and connected to the 
channels 244a and 24419. NMOS and PMOS source/drain 
extension layers 132 and 232 may be formed between the 
NMOS and PMOS thin body channels 144 and 244 and the 
NMOS and PMOS source/drain regions 134 and 234, 
respectively. The NMOS and PMOS source/drain extension 
layers 132 and 232 may comprise single crystalline silicon 
doped with an impurity. 

[0044] A plurality of tunnels is formed between the chan 
nels 144a and 144b, and between the channels 244a and 
24419. In addition, a groove having a tunnel shape is formed 
on an uppermost channel. The channels 144a, 144b, 244a, 
and 2441) may comprise a semiconductor material, such as 
a single-crystalline silicon. The single-crystalline silicon 
may be undoped mono-crystalline silicon or nitrogen-doped 
single-crystalline silicon. 

[0045] NMOS and PMOS insulating layers 146 and 246 
are formed on surfaces of the NMOS and PMOS thin body 
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channels 144 and 244, respectively. The NMOS and PMOS 
insulating layers 146 and 246 surround the NMOS and 
PMOS thin body channels 144 and 244, respectively. The 
NMOS insulating layer 146 may be comprise silicon oxide 
or a hole-trapping dielectric. As used herein, “hole-trapping 
dielectric” refers to a high-k material having many holes 
compared to silicon oxide. The hole-trapping dielectric may 
be, for example, HfO2. The PMOS insulating layer 246 may 
comprise silicon oxide or an electron-trapping dielectric. In 
some embodiments of the present invention, when the 
NMOS insulating layer 146 comprises silicon oxide, the 
PMOS insulating layer 246 may comprise a different mate 
rial. As used herein, “electron-trapping dielectric” refers to 
a high-k material having many electrons compared to silicon 
oxide. The electron-trapping dielectric may be, for example, 
A1203. 
[0046] Athreshold voltage of an NMOS transistor is lower 
when the NMOS insulating layer 146 comprises a hole 
trapping dielectric than when the NMOS insulating layer 
146 comprises silicon oxide, or a dielectric having similar 
electrical characteristics to silicon oxide. Likewise, a thresh 
old voltage of a PMOS transistor is lower when the PMOS 
insulating layer 246 comprises an electron- trapping dielec 
tric than when the PMOS insulating layer 246 comprises 
silicon oxide, or a dielectric material having similar electri 
cal characteristics to silicon oxide. 

[0047] When the NMOS insulating layer 146 comprises a 
hole-trapping dielectric, an interface layer (not shown) may 
further be formed between the NMOS thin body channel 144 
and the hole-trapping dielectric layer 146 to prevent the 
formation of a rough interface therebetween. Likewise, 
when the PMOS insulating layer 246 comprises an electron 
trapping dielectric, an interface layer (not shown) may 
further be formed between the PMOS thin body channel 244 
and the electron trap dielectric layer 246 to prevent the 
formation of a rough interface therebetween. The interface 
layer may comprise silicon oxide, silicon oxynitride, sili 
cate, or a combination of these materials. Each of the silicon 
oxide and the silicon oxynitride materials may have a 
dielectric constant less than or equal to about 9. 

[0048] The NMOS and PMOS insulating layers 146 and 
246 are surrounded by NMOS and PMOS gate electrodes 
148 and 248, respectively. The tunnels may be completely 
surrounded by the NMOS and PMOS gate electrodes 148 
and 248. The NMOS and PMOS gate electrodes 148 and 248 
may comprise a metal material suitable for a high-perfor 
mance CMOS device. For example, the NMOS and PMOS 
gate electrodes 148 and 248 may comprise TaN, Hf, TiN, W, 
Mo, or the like. In this case, the NMOS gate electrode 148 
and the PMOS gate electrode 248 may comprise identical 
materials or different materials. 

[0049] As described above, the CMOS device with a thin 
body channel according to some embodiments of the present 
invention comprises NMOS and PMOS gate materials 148 
and 248 comprising a metal. In addition, the NMOS insu 
lating layer 146 may comprise a silicon oxide and/or a 
hole-trapping dielectric, and the PMOS insulating layer 246 
may comprise a silicon oxide and/or an electron-trapping 
dielectric. A material comprising the NMOS insulating layer 
146 and the PMOS insulating layer 246 may vary according 
to a material comprising the NMOS and PMOS metal gates 
148 and 248. In addition, the material comprising the NMOS 
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and PMOS insulating layers 146 and 246 is determined in 
consideration that a thin body channel CMOS device may 
have a symmetric and loW threshold voltage (e.g. 102V), 
Which is desired for a high-performance CMOS device. For 
example, When a channel comprises undoped silicon, the 
NMOS and PMOS metal gates 148 and 248 comprise TiN, 
and the NMOS and PMOS insulating layers 146 and 246 
comprise silicon oxide. 

[0050] NMOS and PMOS threshold voltages are shoWn in 
FIG. 2. FIG. 2 is a graph of a drain current per unit distance 
With respect to a gate voltage of a MBCFET With a channel 
length of about 30 nm and a channel Width of about 95 nm. 
In this case, drain voltages (VD) of 1.2 V and 50 mV are 
applied. Referring to FIG. 2, When a drain current per unit 
distance is about 10'6 A/um, the threshold voltages of the 
PMOS transistor and the NMOS transistor are about —0.2 V 
and about 0.5 V, respectively. Therefore, the PMOS transis 
tor has a desired threshold voltage (—0.2V), but the NMOS 
transistor is higher than a desired threshold voltage (+0.2V). 

[0051] A high performance thin body channel CMOS 
device With a symmetric threshold voltage can be manufac 
tured using various methods. In a manufacturing method 
according to some embodiments of the present invention, an 
NMOS insulating layer 146 comprises a hole-trapping 
dielectric. As discussed above, if the NMOS insulating layer 
146 comprises a hole-trapping dielectric, the threshold volt 
age of an NMOS transistor decreases. Therefore, the NMOS 
transistor has a desired threshold voltage, or a threshold 
voltage that is not much greater than the desired threshold 
voltage. 

[0052] In a manufacturing method according to other 
embodiments of the present invention, NMOS and PMOS 
thin body channels 144 and 244 comprise N-doped silicon. 
In this case, the threshold voltage of an NMOS transistor 
decreases and the threshold voltage of a PMOS transistor 
increases. As a result, the NMOS transistor has a threshold 
voltage that is not much greater than the desired threshold 
voltage, but the PMOS transistor has a threshold voltage 
greater than the desired threshold voltage. That is, the 
threshold voltage of the NMOS transistor is less than about 
0.5 V, and the threshold voltage (the absolute value) of the 
PMOS transistor is greater than about —0.2 V. In addition, an 
NMOS insulating layer 146 comprises a hole-trapping 
dielectric to reduce the threshold voltage of the NMOS 
transistor to the desired threshold voltage, and a PMOS 
insulating layer 246 comprises an electron-trapping dielec 
tric to reduce the threshold voltage of the PMOS transistor 
to the desired threshold voltage. Therefore, the NMOS 
transistor has a threshold voltage of about +2V and the 
PMOS transistor has a threshold voltage of about —2V. That 
is, a thin body channel CMOS device With a symmetric 
threshold voltage can be manufactured. 

[0053] The method of manufacturing a thin body channel 
CMOS device With a symmetric threshold voltage can also 
be used to form a CMOS device having a metal gate by using 
a TiN gate. In more detail, When a gate-insulating layer 
comprises silicon oxide, the threshold voltage of an NMOS 
transistor including such a gate-insulating layer is about 
equal to a desired threshold voltage. HoWever, the threshold 
voltage of a PMOS transistor including such a gate-insulat 
ing layer is greater than a desired threshold voltage. In this 
case, When the gate-insulating layer of the PMOS transistor 
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comprises an electron-trapping dielectric, the desired thin 
body channel CMOS device With a symmetric threshold 
voltage can be manufactured. 

[0054] FIGS. 3A through 3K are perspective vieWs illus 
trating methods of manufacturing CMOS device having a 
thin body channel according to some embodiments of the 
present invention. Methods of manufacturing a MBCFET 
including CMOS device, Which is used in the previous 
embodiments, Will noW be described. In other embodiments, 
a thin-body channel CMOS device may include a different 
type of transistor, such as a CMOS device including a 
3-dimensional transistor. Examples of a CMOS device 
including a 3-dimensional transistor include a CMOS device 
including a DG FET, a CMOS device including a GM PET, 
and the like. Hereinafter, methods of manufacturing the 
CMOS device including a MBCFET Will be described in 
detail (see, e.g., U.S. Publication No. 2004/0063286 A1). 

[0055] Referring to FIG. 3A, preliminary patterns 12 and 
14 comprising NMOS and PMOS channels are formed by 
stacking an SiGe/Si layer on a semiconductor substrate 10. 
That is, a SiGe layer and a Si layer are alternately stacked 
on the semiconductor substrate 10, in Which an NMOS 
region and a PMOS region are de?ned, to form preliminary 
patterns 12 and 14 comprising the NMOS and PMOS 
channels. In this case, the SiGe layer is a sacri?cial layer, 
and the Si layer is a thin body channel layer. In more detail, 
a ?rst sacri?cial layer is formed on the semiconductor 
substrate 10, and then a ?rst thin body channel layer is 
formed thereon. Although a second thin body channel layer 
may be an uppermost layer according to some embodiments 
of the present invention, a third sacri?cial layer (not shoWn) 
may be further formed on the second thin body channel 
layer. The thin body channel layer may be formed by 
selective epitaxial groWth (SEG) of undoped silicon and 
N-doped silicon. 

[0056] In addition, a conventional shalloW trench isolation 
(STI) forming process for electrically isolating the regions, 
Which is not shoWn in FIG. 3A, is used. The preliminary 
patterns 12 and 14 comprising the NMOS and PMOS 
channels are patterned When the semiconductor substrate 10 
is patterned to form a STI by using a ?rst mask pattern 
de?ning an active region as a mask. Thus, the preliminary 
patterns 12 and 14 comprising the NMOS and PMOS 
channels are formed on the semiconductor substrate 10, and 
an STI trench (not shoWn) is formed in the semiconductor 
substrate 10. After the ?rst mask pattern is removed, the 
trench is ?lled by an insulating layer With generally excel 
lent gap-?ll characteristics, such as an HDP oxide layer. At 
the same time, the HDP oxide layer is formed adjacent to the 
preliminary patterns 12 and 14 comprising NMOS and 
PMOS channels. As a result, an STI region is formed up to 
an upper surface of the preliminary patterns 12 and 14 
comprising the NMOS and PMOS channels. HoWever, the 
STI region is not shoWn in FIGS. 3A through 3D so that the 
preliminary patterns 12 and 14 comprising the NMOS and 
PMOS channels are exposed. 

[0057] Referring to FIG. 3B, patterns 12' and 14' com 
prising the NMOS and PMOS channels are formed. In 
detail, a second mask pattern 16 is formed on the prelimi 
nary patterns 12 and 14 comprising NMOS and PMOS 
channels. The second mask pattern 16 exposes both ends of 
the preliminary patterns 12 and 14 for forming the NMOS 
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and PMOS channels, and de?nes a channel region. The 
second mask pattern 16 may include a silicon oxide layer 
16b. In addition, the second mask pattern 16 may further 
include a silicon nitride layer 1611 beneath the silicon oxide 
layer 16b. In this case, the silicon nitride layer 1611 functions 
as a bulfer layer. 

[0058] Then, the preliminary patterns 12 and 14 for form 
ing the NMOS and PMOS channels are anisotropically 
etched using the second mask pattern 16 as an etch mask. 
The anisotropic etching is performed until an upper surface 
of the semiconductor substrate 10 is exposed. As a result, 
patterns 12' and 14' for forming the NMOS and PMOS 
channels are formed, and a groove G surrounded by the STI 
and the patterns 12' and 14' for forming the NMOS and 
PMOS channels is formed on the exposed semiconductor 
substrate 10. 

[0059] Referring to FIG. 3C, the patterns 12' and 14' are 
trimmed to form the NMOS and PMOS channels. That is, 
the patterns 12' and 14' for forming the NMOS and PMOS 
channels are etched on the edge of the groove G. At this 
time, an isotropic etching process is used, such as Wet 
etching or chemical dry etching. This process is performed 
to reduce the lengths of thin body channels of the NMOS 
and PMOS transistors. Therefore, When a Width of the 
second mask pattern 16 is equal to a desired channel length, 
this process can be omitted. As a result of the trimming, 
patterns 12" and 14" for forming the NMOS and PMOS 
channels With a reduced length are formed. 

[0060] Referring to FIG. 3D, an NMOS and PMOS 
source/drain extension layer 20 and an NMOS and PMOS 
source/drain region 22 are formed. That is, an NMOS and 
PMOS source/drain extension layer 20 is formed on the 
surface of the semiconductor substrate 10 exposed by the 
groove G and sideWalls of the patterns 12" and 14" for 
forming the NMOS and PMOS channels. The NMOS and 
PMOS source/drain extension layer 20 may be formed using 
impurity-doped silicon. Alternatively, the NMOS and 
PMOS source/ drain extension layer 20 can be formed in the 
folloWing operations: First, an undoped silicon layer is 
formed. Then, ion implantation is performed to control the 
concentration of a doping impurity. After the NMOS and 
PMOS source/drain extension layer 20 is formed, a conduc 
tive material layer ?lling the groove G is deposited on the 
NMOS and PMOS source/drain extension layer 20 to form 
the NMOS and PMOS source/drain region 22. 

[0061] FIG. 3E is a perspective vieW illustrating opera 
tions in forming a third mask pattern 30 covering the NMOS 
and PMOS source/ drain region 22, and a fourth mask pattern 
covering the entire PMOS region. Hereinafter, the STI 15 is 
shoWn in draWings. 

[0062] Referring to FIG. 3E, a material layer for forming 
a third mask pattern 30 is deposited to a large thickness on 
the entire surface of the resulting structure in Which the 
NMOS and PMOS source/drain region 22 is formed. The 
material layer may comprise silicon nitride having high etch 
selectivity With respect to the second mask pattern 16. The 
material layer is planariZed until an upper surface of the 
second mask pattern 16 is exposed to form the third mask 
pattern 30. The third mask pattern 30 covers the STI region 
15 formed on front and rear sideWalls of the NMOS and 
PMOS source/drain region 22. Subsequent processes illus 
trated in FIGS. 3F and 3G are performed only on the 
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NMOS region using a fourth mask pattern 40. During these 
operations, the fourth mask pattern 40 exposes the NMOS 
region, but covers the PMOS region. 

[0063] Referring to FIG. 3E, the fourth mask pattern 40 is 
formed on the entire PMOS region using a conventional 
process for forming a semiconducting material layer. The 
fourth mask pattern 40 may be a photoresist layer. Altema 
tively, the fourth mask pattern 40 may comprise a material 
having high etch selectivity With respect to the second mask 
pattern 16 and the third mask pattern 30. After the formation 
of the fourth mask pattern 40, the second mask pattern 16 
formed in the NMOS region is removed. 

[0064] Referring to FIG. 3F, a sideWall of the patterns 12" 
and 14" for forming the NMOS channel is exposed by 
etching the STI region 15 of the NMOS region. Referring to 
FIG. 3F, the exposed STI region 15 is anisotropically etched 
using the third mask pattern 30 as an etch mask. The STI 
region 15 is etched until the ?rst sacri?cial pattern 12a of the 
patterns 12" and 14" for forming the NMOS channel is 
exposed. 

[0065] Referring to FIG. 3G, the sacri?cial pattern 12" of 
the NMOS region is removed. Referring to FIG. 3G, the 
sacri?cial pattern 12" is selectively removed by isotropic 
etching, for example, Wet etching or chemical dry etching. 
As a result, an NMOS thin body channel 14" is formed With 
a tWo-stair structure, and tunnels are formed betWeen upper 
and loWer parts of the NMOS thin body channel 14" , and 
betWeen the loWer part of the NMOS thin body channel 14". 

[0066] Referring to FIG. 3H, an NMOS insulating layer 
and an NMOS metal gate pattern 50 are formed, the fourth 
mask pattern 40 covering the PMOS region is removed, and 
then a ?fth mask pattern 60 covering the entire NMOS 
region is formed. 

[0067] That is, the NMOS insulating layer (not shoWn) 
surrounding the exposed NMOS thin body channel 14" is 
formed. The NMOS insulating layer may comprise a silicon 
oxide or a hole-trapping dielectric, according to a material 
comprising a metal gate pattern 50 to be formed in a 
subsequent process, and a threshold voltage of the metal gate 
pattern 50. The hole-trapping dielectric may be HfO2. When 
the NMOS insulating layer comprises the hole-trapping 
dielectric, an NMOS interface layer may be further formed 
before the formation of the hole-trapping dielectric layer. A 
method of forming the NMOS interface layer and the HfO2 
layer is described in detail in Us. patent application Ser. No. 
l0/930,943 ?led on Sep. 1, 2004, Which is assigned to the 
assignee of the present application. U.S. patent Ser. No. 
l0/930,943 Application is hereby incorporated herein by 
reference. 

[0068] For example, the HfO2 layer can be formed using 
chemical vapor deposition (CVD) or atomic layer deposition 
(ALD). When the HfO2 layer is formed using CVD, a source 
material for Hf and a source material for O are provided at 
a temperature of about 400 to 500° C. and a pressure of 
about 1 to 5 torr. In this case, the source material for Hf may 

be HfCl4, Hf(OtBu)4, Hf(NEtMe)4, Hf(MMP)4, Hf(NEt2)4, 
Hf(NMe2)4, or the like; and the source material for 0 may 
be 02, 03, an oxygen radical, or the like. When the HfO2 
layer is formed using ALD, a source material for Hf and a 
source material for O are provided at a temperature of about 
150 to 5000 C. and a pressure of about 0.1 to 5 torr. In this 










