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(57) ABSTRACT 

In a method of manufacturing a semiconductor device to 
improve structural Stability of a semiconductor device in a 
silicidation process, a Substrate is provided to have an active 
region defined by an isolation layer. An etching mask is 
formed on the active region and the isolation layer to have 
a silicidation prevention pattern that at least partially 
exposes the active region. A gate structure is formed on the 
exposed active region. A gate spacer is formed on a sidewall 
of the gate structure positioned on the silicidation prevention 
pattern. Source/drain regions are formed on the active region 
using the gate spacer as a mask to thereby form the semi 
conductor device. Since voids may not be generated in a 
transistor of the semiconductor device or intrusion of the 
transistor may be prevented in the silicidation process, the 
semiconductor device including the transistor may have 
improved reliability and electrical characteristics. 
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SEMCONDUCTOR DEVICE AND METHOD OF 
MANUFACTURING THE SEMCONDUCTOR 

DEVICE 

CROSS REFERENCE TO RELATED 
APPLICATION 

RELATED APPLICATION 

0001. This application is a divisional of U.S. application 
Ser. No. 11/024,252, filed on Dec. 28, 2004, which relies for 
priority upon Korean patent application number 2003 
98829, filed in the Korean Intellectual Property Office on 
Dec. 29, 2003, the contents of which are incorporated herein 
in their entirety by reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to a semiconductor 
device and a method of manufacturing the semiconductor 
device. More particularly, the present invention relates to a 
semiconductor device having improved structural Stability 
and enhanced performance, and a method of manufacturing 
the semiconductor device. 

0004 2. Description of the Related Art 
0005 Semiconductor technology has been rapidly devel 
oped to manufacture highly integrated semiconductor 
devices that have greatly reduced sizes as dimensions of 
elements in the semiconductor devices have been continu 
ously decreased. Many elements may be integrated in a unit 
cell of the semiconductor device, and also the semiconduc 
tor device may have improved response speed by reducing 
dimensions of the elements and time delay of a current 
passing among the elements. In addition, the semiconductor 
device may have low power consumption by reducing the 
current passing among the elements. 
0006. As the semiconductor device has a minute size, 
high integration degree and low power consumption, the 
semiconductor device may have improved performance. 
Since a transistor having a critical dimension of about 10 um 
was developed in 1971, a recent transistor having a critical 
dimension of about 90 nm is introduced. In recent semicon 
ductor technology, a semiconductor device has been reduced 
in size, and improved in response speed and integration 
degree when compared with a conventional semiconductor 
device. Further, a transistor that has a critical dimension of 
below about 65 nm is being studied. 
0007. However, short channel effect and leakage current 
may be generated in a semiconductor device including a 
transistor when the semiconductor device has a critical 
dimension of below about 90 nm. The short channel effect 
may be generated in accordance with length reduction of an 
effective channel of the transistor. The short channel effect 
is caused by diffusing N type impurities or P type impurities 
into a source region or a drain region of the transistor during 
thermal treatment of the transistor. When the effective 
channel of the transistor is reduced, an electrical short may 
be generated between the source region and the drain region 
of the transistor. To solve the above problems, there is 
provided a transistor having gates formed on three faces of 
a channel thereof. This transistor is generally referred to as 
a triple gate transistor. A conventional triple gate transistor 
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is disclosed at Korean Patent No. 308,652 and Korean Patent 
Laid Open Publication No. 2001-8524. 

0008 FIG. 1A is a plan view illustrating a conventional 
triple gate transistor, and FIG. 1B is a perspective view 
illustrating the portion of the conventional triple gate tran 
sistor labeled “I” in FIG. 1A. 

0009 Referring to FIGS. 1A and 1B, the conventional 
triple gate transistor includes a semiconductor Substrate 11, 
a buried insulation layer 13, a three-dimensional active 
region 16, and a gate structure 30. The gate structure 30 is 
formed on the buried insulation layer 13 to enclose the 
three-dimensional active region 16. That is, channel regions 
of the triple gate transistor are formed at portions where the 
gate structure 30 contacts the three-dimensional active 
region 16. The triple gate transistor may have improved 
electrical conductivity and prevent the short channel effect 
so that the triple gate transistor may have a critical dimen 
sion of below about 65 nm. 

0010. However, when a silicide layer is formed on 
Source/drain regions of the triple gate transistor So as to 
improve electrical characteristics of the source/drain 
regions, the silicide layer may be formed on an entire active 
region as well as on the source/drain regions, thereby 
reducing the electrical characteristics of the triple gate 
transistor. 

0011 FIGS. 2A to 2C are cross-sectional views illustrat 
ing a method of manufacturing the conventional triple gate 
transistor taken along a line of II-II in FIG. 1A. 
0012 Referring to FIG. 2A, the triple gate transistor 
includes a semiconductor Substrate 11, a buried insulation 
layer 13, an active region 16 and a gate structure 30. The 
gate structure 30 includes a gate insulation layer 32, a gate 
electrode 34, and a gate silicide layer 37. 

0013 An offset spacer 41 and a gate sidewall spacer 43 
are sequentially formed on a sidewall of the gate structure 
30. Source/drain regions 53 are formed in the active region 
16, and source/drain extension regions 51 are formed adja 
cent to the source/drain regions 53. A source/drain offset 
spacer 61 and a source/drain sidewall spacer 63 are succes 
sively formed on a sidewall of the source/drain regions 53. 

0014) When a silicide layer 57 is formed on the source/ 
drain regions 53 by siliciding a metal layer after the metal 
layer is formed on the source/drain regions 53, the silicide 
layer 57 is positioned on the source/drain regions 53 only 
because the sidewall of the source/drain regions 53 is 
covered with the source/drain offset and sidewall spacers 61 
and 63. 

0015. As shown in FIG. 2B, however, a damaged portion 
III of the source/drain offset and sidewall spacers 61 and 63 
may be generated in processes of manufacturing the triple 
gate transistor. The Source/drain offset and sidewall spacers 
61 and 63 including the damaged portion III may not 
completely protect the sidewall of the Source/drain regions 
53. Thus, the source/drain regions 53 are partially exposed 
through the damaged portion III of the source/drain offset 
and sidewall spacers 61 and 63. As a result, the silicide layer 
57 may be formed on the sidewall of the source/drain 
regions 53 as well as on a surface portion of the source/drain 
regions 53. That is, a silicidation process of forming the 
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silicide layer 57 may be advanced in directions IV and V 
relative to the surface and the sidewall of the source? drain 
regions 53. 
0016 Referring to FIG. 2C, a void 91 may be generated 
in the active region 16 to cause a failure of the triple gate 
transistor. In addition, silicidation intrusion 93 may be 
introduced in the source/drain regions 53 to cause damage to 
a source/drain junction and leakage current from the source? 
drain regions 53. Therefore, the triple gate transistor includ 
ing the silicide layer 57 may not be formed when the silicide 
layer 57 is formed on the source/drain regions 53 using the 
damaged source/drain offset and sidewall spacers 61 and 63. 
This problem will be more fully explained with reference to 
FIGS 3A and 3B. 

0017 FIGS. 3A and 3B are cross-sectional views illus 
trating a conventional silicidation process. 
0018 Referring to FIGS. 3A and 3B, a shrunk source/ 
drain sidewall spacer 63 and a shrunk source/drain offset 
spacer 61 are sequentially formed on a sidewall of the 
source/drain regions 53. The sidewalls of the source/drain 
regions 53 are partially exposed due to the shrunk source/ 
drain sidewall and offset spacers 63 and 61. After a metal 
layer 58 is formed on the source/drain regions 53 and on the 
exposed portion of the sidewall of the source? drain regions 
53, a silicidation process is performed concerning the 
source/drain regions 53. As shown in FIGS. 3A and 3B. 
source/drain regions 53 of a relatively small transistor is 
entirely converted into a silicide layer 59, whereas most of 
source/drain regions 53 of a relatively large transistor is 
converted into a silicide layer 59 near a bottom portion 
thereof. 

0019. In the silicidation process, silicon in the source/ 
drain regions 53 stoichiometrically reacts with metal in the 
metal layer 58 to thereby form the silicide layer 59. When 
the silicidation process may not stoichiometrically proceed 
between silicon and metal, the silicide layer 59 may be 
formed near channel regions of the triple gate transistor to 
achieve Stoichiometric reaction between silicon and metal. 
This may result in generation of Voids and intrusion of the 
triple gate transistor. Therefore, a spacer formed on a side 
wall of Source/drain regions of the triple gate transistor may 
completely protect the sidewall of the source/drain regions 
So as to prevent the triple gate transistor from being dam 
aged. 

SUMMARY OF THE INVENTION 

0020. The present invention provides a semiconductor 
device including a triple gate transistor that has improved 
structural stability and enhanced performance without fail 
ure caused by a silicidation process. 
0021. The present invention also provides a method of 
manufacturing a semiconductor device including a triple 
gate transistor that has improved structural stability and 
enhanced performance without failure caused by a silicida 
tion process. 

0022. The present invention further provides a semicon 
ductor device including a silicidation prevention pattern to 
prevent deterioration of performance and structure thereof. 
0023. In accordance with one aspect of the present inven 
tion, there is provided a method of manufacturing a semi 

Jul. 26, 2007 

conductor device. In the method of manufacturing the semi 
conductor device, a Substrate including an active region 
defined by an isolation layer is formed. An etching mask is 
formed on the isolation layer and the active region. The 
etching mask includes a silicidation prevention pattern that 
exposes a portion of the active region. A gate structure is 
formed on the exposed portion of the active region, and a 
gate spacer is formed on the silicidation prevention pattern 
and a sidewall of the gate structure. Source/drain regions are 
formed on the active region using the gate spacer as a mask. 

0024. In one embodiment, forming the substrate further 
comprises: forming a silicon nitride layer on a silicon on 
insulator (SOI) substrate including a lower semiconductor 
layer, a buried insulation layer and an upper semiconductor 
layer; forming the active region by at least partially etching 
the silicon nitride layer and the upper semiconductor layer; 
forming a first oxide layer on the SOI substrate to cover the 
active region; exposing the silicon nitride layer pattern by at 
least partially etching the first oxide layer, and forming the 
isolation layer by removing the silicon nitride layer. 

0025. In one embodiment, the method further comprises 
forming an additional oxide layer on the SOI substrate 
before forming the silicon nitride layer, wherein the active 
region is formed by at least partially etching the silicon 
nitride layer, the additional oxide layer and the upper semi 
conductor layer, and the isolation layer is formed by remov 
ing the silicon nitride layer and the additional oxide layer. 

0026. In one embodiment, the first oxide layer is formed 
using a high density plasma (HDP) process. 

0027. In one embodiment, at least partially etching the 
first oxide layer further comprises: primarily exposing the 
silicon nitride layer by polishing the first oxide layer using 
a chemical mechanical polishing (CMP) process; and sec 
ondarily exposing the primarily exposed silicon nitride layer 
by etching the first oxide layer using a wet etching process 
with an etching solution including hydrogen fluoride (HF). 

0028. In one embodiment, the silicon nitride layer is 
removed by a wet etching process using an etching solution 
including phosphoric acid (HPO). 

0029. In one embodiment, the silicidation prevention 
pattern is formed by forming a silicidation prevention layer 
on the Substrate including the isolation layer and the active 
region; forming a second oxide layer on the silicidation 
prevention layer, etching the second oxide layer to expose a 
portion of the silicidation prevention layer; and removing 
the exposed portion of the silicidation prevention layer to 
form the silicidation prevention pattern at least partially 
exposing the active region. 

0030 The method can further include forming a silicon 
oxide pattern on the isolation layer and the active region to 
at least partially expose the active region before forming the 
silicidation prevention pattern, wherein the silicidation pre 
vention pattern is formed on the silicon oxide pattern. 

0031. In one embodiment, the etching mask further com 
prises an oxide layer pattern formed on the silicidation 
prevention pattern, and forming the gate structure further 
comprises forming a gate conductive layer on the oxide 
pattern and the exposed portion of the active region; expos 
ing the oxide layer pattern by at least partially removing the 
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gate conductive layer, and forming the gate structure by 
removing the oxide layer pattern. 

0032. In one embodiment, the method further comprises, 
prior to forming the gate spacer, forming an offset spacer on 
the sidewall of the gate structure; and forming source/drain 
extension regions by implanting impurities into portions of 
the active region using the offset spacer as a mask, wherein 
the gate spacer is formed on a sidewall of the offset spacer. 
0033. In one embodiment, the method further comprises, 
after forming the source/drain regions, at least partially 
exposing the source/drain regions and the isolation layer by 
removing a portion of the silicidation prevention pattern 
around the gate spacer; and forming silicidation layers on 
the source/drain regions. 
0034. In one embodiment, the silicidation layers are 
formed at Surface portions of the source/drain regions. 
0035) In one embodiment, the method further comprises, 
after forming the etching mask, at least partially etching the 
active region to form a recess on the active region; and 
forming an additional gate spacer on a sidewall of the recess 
of the active region, wherein the gate structure is formed on 
the recess of the active region. 
0036). In accordance with another aspect of the present 
invention, there is provided a method of manufacturing a 
semiconductor device. In the method of manufacturing the 
semiconductor device, an SOI substrate including a lower 
semiconductor layer, a buried insulation layer and an upper 
semiconductor layer is formed. Active regions are formed by 
at least partially etching the upper semiconductor layer and 
forming an isolation layer on the buried insulation layer. An 
etching mask is formed on the isolation layer and the active 
regions. The etching mask includes a silicidation prevention 
pattern and a first oxide layer pattern that partially and fully 
exposes the active regions. A portion of the buried insulation 
layer is exposed around the fully exposed active region by 
at least partially removing the etching mask. Gate structures 
are formed on the at least partially exposed active region and 
the fully exposed active region. Gate spacers are formed on 
sidewalls of the gate structures, and source/drain regions are 
formed on the active regions using the gate spacer as masks. 
0037. In one embodiment, the gate structure encloses the 
fully exposed active region. 

0038. In one embodiment, channel regions are formed on 
an upper portion and lateral portions of the active region. 
0039. In one embodiment, the method further comprises, 
after forming the source/drain regions, at least partially 
exposing the source/drain regions and the isolation layer by 
at least partially removing the silicidation prevention pat 
tern; and forming silicidation layers on the exposed source? 
drain regions. 

0040. In one embodiment, the method further comprises, 
after forming the etching mask, at least partially etching the 
partially exposed active region using the etching mask; and 
forming an additional gate spacer from an etched portion of 
the active region to a sidewall of the etching mask, wherein 
the gate structure is positioned on the etched portion of the 
active region. 

0041. In accordance with still another aspect of the 
present invention, there is provided a method of manufac 
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turing a semiconductor device. In the method of manufac 
turing the semiconductor device, a Substrate including a 
semiconductor layer pattern defined by an isolation layer is 
formed. An etching mask is formed on the isolation layer 
and the semiconductor layer pattern. The etching mask 
includes an oxide layer pattern and a silicidation prevention 
pattern at least partially exposing the semiconductor layer 
pattern. A three-dimensional active region having a polygo 
nal structure is formed by at least partially etching the oxide 
layer pattern. A gate structure is formed on the Substrate to 
enclose the active region. A gate spacer is formed on a 
sidewall of the gate structure, and Source/drain regions are 
formed on the active region using the gate spacer as a mask. 
0042. In one embodiment, channel regions are formed on 
an upper portion and lateral portions of the active region. 
0043. In one embodiment, the method further comprises, 
after forming the source/drain regions, at least partially 
exposing the source/drain regions and the isolation layer by 
at least partially removing the silicidation prevention pat 
tern; and forming silicide layers on exposed portions of the 
Source/drain regions. 
0044) In accordance with still another aspect of the 
present invention, there is provided a method of manufac 
turing a semiconductor device. In the method of manufac 
turing the semiconductor device, a Substrate including a 
lower semiconductor layer, a buried insulation layer and 
upper semiconductor layer patterns is formed. An etching 
stop layer is formed on the substrate to cover the upper 
semiconductor layer patterns. Active regions are formed on 
the buried insulation layer by forming an isolation layer on 
the etching stop layer. An etching mask is formed on the 
isolation layer and the active regions. The etching mask 
includes a silicidation prevention pattern and an oxide layer 
pattern that at least partially and fully exposes the active 
regions. A portion of the etching stop layer is exposed 
around the fully exposed active region by at least partially 
removing the etching mask. A portion of the buried insula 
tion layer is exposed around the fully exposed active region 
by at least partially removing the etching stop layer. Gate 
structures are formed on the at least partially exposed active 
region and the fully exposed active region. Gate spacers are 
formed on sidewalls of the gate structures, and source/drain 
regions are formed on the active regions using the gate 
spacer as masks. 
0045. In one embodiment, forming the active regions 
further comprises forming a silicon nitride layer pattern on 
the etching stop layer, forming an oxide layer on the etching 
stop layer to cover the silicon nitride layer pattern; exposing 
a portion of the etching stop layer and the silicon nitride 
layer pattern by at least partially etching the oxide layer, and 
forming the active region defined by the isolation layer and 
the etching stop layer by Successively removing the exposed 
portion of the etching stop layer and the silicon nitride layer 
pattern. 

0046. In one embodiment, the etching stop layer includes 
silicon nitride. 

0047. In one embodiment, the method further comprises 
Successively forming an additional oxide layer pattern and 
nitride layer pattern on the upper semiconductor layer pat 
terns. 

0048. In accordance with still another aspect of the 
present invention, there is provided a semiconductor device 
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including a Substrate, a gate structure, a silicidation preven 
tion pattern and a gate spacer. The Substrate includes an 
isolation layer and an active region defined by the isolation 
layer. The gate structure is formed on the active region, and 
the silicidation prevention pattern is formed on a portion of 
the active region adjacent to the gate structure. The gate 
spacer is formed on a sidewall of the gate structure. 
0049. In one embodiment, the isolation layer has a thick 
ness thicker than a thickness of the active region. 
0050. In one embodiment, the semiconductor device fur 
ther comprises a silicide layer formed on a portion of the 
active region adjacent to the silicidation prevention pattern. 

0051. In one embodiment, the substrate includes an SOI 
Substrate having a lower semiconductor Substrate, a buried 
insulation layer and an upper semiconductor layer, and the 
active region is formed by at least partially etching the upper 
semiconductor layer. 
0.052 In one embodiment, the gate structure includes a 
gate insulation layer pattern formed on the active region and 
a gate conductive pattern formed on the gate insulation layer 
pattern. 

0053. In one embodiment, the gate structure further 
includes a silicide layer formed on the gate conductive 
pattern. 

0054. In one embodiment, the silicidation prevention 
pattern includes thermally deposited silicon nitride or silicon 
nitride deposited by a plasma process. 

0055. In one embodiment, the semiconductor device fur 
ther comprises a silicon oxide layer pattern formed between 
the active region and the silicidation prevention pattern. 
0056. In one embodiment, the gate spacer includes mate 
rial having an etching selectivity relative to the silicidation 
prevention pattern. 

0057. In one embodiment, the gate spacer has a single 
layered structure including oxide or nitride or a multi 
layered structure including oxide and nitride. 

0.058. In one embodiment, the semiconductor device fur 
ther comprises an offset spacer formed between the gate 
spacer and the sidewall of the gate structure. 
0059. In one embodiment, the active region includes 
Source/drain regions formed thereon and source? drain exten 
sion regions formed between the gate spacer and the source? 
drain regions. 

0060. In one embodiment, the active region includes a 
recess, and the gate structure is positioned on the recess. 
0061. In one embodiment, the semiconductor device of 
claim 38, further comprising an additional spacer formed 
between the gate spacer and the sidewall of the gate struc 
ture. 

0062. In accordance with still another aspect of the 
present invention, there is provided a semiconductor device 
including an SOI substrate, a gate structure, a silicidation 
prevention pattern and a gate spacer. The SOI substrate 
includes a lower semiconductor layer, a buried insulation 
layer and a three-dimensional active region having a polygo 
nal structure formed on the buried insulation layer. The gate 
structure is formed on the buried insulation layer. The gate 
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structure encloses the active region. The silicidation preven 
tion pattern is formed on a portion of the active region 
adjacent to the gate structure. The gate spacer is formed on 
a sidewall of the gate structure. 
0063. In one embodiment, the semiconductor device fur 
ther comprises channel regions formed on an upper portion 
and lateral portions of the active region. 
0064. In one embodiment, the semiconductor device fur 
ther comprises a silicide layer formed on a portion of the 
active region adjacent to the silicidation prevention pattern. 

0065. In one embodiment, the active region includes a 
recess, and the gate structure is formed on the recess. 
0066. In one embodiment, the semiconductor device fur 
ther comprises an additional gate spacer formed between the 
sidewall of the gate structure and the gate spacer. 
0067. According to the present invention, a semiconduc 
tor device may include a triple gate transistor that has 
improved electrical characteristics without generation of 
voids and intrusion thereof. Thus, the semiconductor device 
including the triple gate transistor may have enhanced 
performance and reliability. Additionally, a failure such as 
thermal budget of the semiconductor device may be pre 
vented in a step of forming silicidation prevention patterns 
of the semiconductor device because the silicidation pre 
vention patterns are formed before forming source/drain 
regions of the semiconductor device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0068 The foregoing and other features and advantages of 
the invention will be apparent from the more particular 
description of an embodiment of the invention, as illustrated 
in the accompanying drawing. The drawing is not necessar 
ily to scale, emphasis instead being placed upon illustrating 
the principles of the invention. Like reference characters 
refer to like elements throughout the drawings. 
0069 FIG. 1A is a schematic plan view illustrating a 
conventional triple gate transistor. 
0070 FIG. 1B is a schematic perspective view illustrat 
ing a portion of the conventional triple gate transistor in FIG. 
1A labeled “I’. 

0071 FIGS. 2A to 2C are schematic cross-sectional 
views illustrating a method of manufacturing the conven 
tional triple gate transistor taken along a line of II-II in FIG. 
1A. 

0072 FIGS. 3A and 3B are schematic cross-sectional 
views illustrating a conventional silicidation process. 
0073 FIG. 4 is a flow chart illustrating a method of 
manufacturing a semiconductor device in accordance with 
one embodiment of the present invention. 

0074 FIGS.5A to 5P are schematic cross-sectional views 
illustrating a method of manufacturing a semiconductor 
device in accordance with one embodiment of the present 
invention. 

0075 FIGS. 6A to 6C are schematic cross-sectional 
views illustrating a method of manufacturing a semiconduc 
tor device in accordance with one embodiment of the present 
invention. 
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0076 FIG. 7 is a flow chart illustrating a method of 
manufacturing a semiconductor device including a triple 
gate transistor in accordance with one embodiment of the 
present invention. 
0077 FIGS. 8A to 8D are schematic cross-sectional 
views illustrating a method of manufacturing a semiconduc 
tor device including a triple gate transistor in accordance 
with one embodiment of the present invention. 
0078 FIGS. 9A to 9D are schematic cross-sectional 
views illustrating a method of manufacturing a semiconduc 
tor device including a triple gate transistor in accordance 
with one embodiment of the present invention. 
0079 FIGS. 10A to 10F are schematic cross-sectional 
views illustrating a method of manufacturing a semiconduc 
tor device in accordance with one embodiment of the present 
invention. 

0080 FIG. 11A is a schematic cross-sectional view illus 
trating a semiconductor device in accordance with one 
embodiment of the present invention. 
0081 FIG. 11B is a schematic cross-sectional view illus 
trating a semiconductor device in accordance with one 
embodiment of the present invention. 
0082 FIG. 12A is a schematic cross-sectional view illus 
trating a semiconductor device including a triple gate tran 
sistor in accordance with one embodiment of the present 
invention. 

0.083 FIG. 12B is schematic cross-sectional view illus 
trating a semiconductor device including a triple gate tran 
sistor in accordance with one embodiment of the present 
invention. 

DESCRIPTION OF THE INVENTION 

0084. In the drawings, the thicknesses of layers and 
regions are exaggerated for clarity. It will be understood that 
when an element Such as a layer, region or Substrate is 
referred to as being “on” or “onto' another element, it can 
be directly on the other element or intervening elements may 
also be present. 
0085 FIG. 4 is a flow chart illustrating a method of 
manufacturing a semiconductor device in accordance with 
one embodiment of the present invention. 
0.086 Referring to FIG. 4, after a semiconductor substrate 
including an isolation layer and an active region defined by 
the isolation layer is prepared in step S110, an etching mask 
is formed on the semiconductor substrate in step S120. The 
etching mask includes a silicidation prevention pattern that 
partially exposes the active region of the semiconductor 
substrate. 

0087. In step S130, a gate structure is formed on the 
exposed portion of the active region. A gate spacer is formed 
on a sidewall of the gate structure positioned on the silici 
dation prevention pattern in step 140. 
0088. In step S150, source/drain regions are formed in 
the active region adjacent to the gate structure by an ion 
implantation process using the gate spacer as a mask. 
0089. Hereinafter, the method of manufacturing a semi 
conductor device will be described more fully with reference 
to FIGS 5A to SP. 

Jul. 26, 2007 

0090 FIGS. 5A to 5P are cross-sectional views illustrat 
ing a method of manufacturing a semiconductor device in 
accordance with one embodiment of the present invention. 
0.091 Referring to FIGS.5A, 5B and 5F, a semiconductor 
substrate 100 is prepared to have an active region 106 
defined by an isolation layer 115. The semiconductor sub 
strate 100 may include a silicon substrate or a silicon on 
insulator (SOI) substrate. The SOI substrate is preferably 
prepared as the semiconductor substrate 100 as shown in 
FIG.S.A. 

0092 Referring to FIG. 5A, the semiconductor substrate 
100 includes a lower semiconductor layer 101, a buried 
insulation layer 103 and an upper semiconductor layer 105. 
The buried insulation layer 103 is formed on the lower 
semiconductor layer 101, and the upper semiconductor layer 
105 is formed on the buried insulation layer 103. For 
example, the buried insulation layer 103 has a thickness of 
about 150 nm, and the upper semiconductor layer 105 has a 
thickness of about 40 nm. 

0093. Referring to FIG. 5B, after a silicon nitride layer is 
formed on the semiconductor substrate 100, the silicon 
nitride layer and the upper semiconductor layer 105 are 
partially etched to form the active region 106 on the buried 
insulation layer 103. After an etching process for forming 
the active region 106, a portion of the upper semiconductor 
layer pattern remains on the buried insulation layer 103. The 
remaining portion of the upper semiconductor layer corre 
sponds to the active region 106. Additionally, the silicon 
nitride layer is etched to form a silicon nitride layer pattern 
108 on the active region 106. 
0094. In one embodiment of the present invention, an 
additional oxide layer pattern 107 may be formed between 
the active region 106 and the silicon nitride layer pattern 
108. In particular, an additional oxide layer is formed on the 
upper semiconductor layer 105 before forming the silicon 
nitride layer on the upper semiconductor layer 105. After the 
silicon nitride layer is formed on the additional oxide layer, 
the silicon nitride layer, the additional oxide layer and the 
upper semiconductor layer 105 are successively etched to 
form the silicon nitride layer pattern 108, the additional 
oxide layer pattern 107 and the active region 106, respec 
tively. As a result, the active region 106, the additional oxide 
layer pattern 107 and the silicon nitride layer pattern 108 are 
sequentially formed on the buried insulation layer 103. For 
example, the silicon nitride layer pattern 108 has a thickness 
of about 100 nm, and the additional oxide layer pattern 107 
has a thickness of about 15 nm. The additional oxide layer 
pattern 107 serves as a buffer layer pattern for reducing 
stress generated in the silicon nitride layer in the step of 
forming the silicon nitride layer. The additional oxide layer 
pattern 107 may be formed by a thermal oxidation process, 
or a chemical vapor deposition (CVD) process. 

0.095 Referring to FIG. 5C, a first oxide layer 111 is 
formed on the semiconductor substrate 100 to cover the 
active region 106 and the silicon nitride layer pattern 108. 
The first oxide layer 111 may be formed by a high density 
plasma (HDP) process. For example, the first oxide layer 111 
has a thickness of about 200 nm. 

0.096 Referring to FIG. 5D, a portion of the first oxide 
layer 111 is primarily removed to expose the silicon nitride 
layer pattern 108. Here, an upper portion of the first oxide 
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layer 111 may be removed by a chemical mechanical pol 
ishing (CMP) process, an etch back process or a combina 
tion process of a CMP and an etch back. Preferably, the first 
oxide layer 111 is partially removed by the CMP process 
until the silicon nitride layer pattern 108 is exposed. As a 
result, an upper face of the silicon nitride layer pattern 108 
is exposed, and also the first oxide layer 111 and the silicon 
nitride layer pattern 108 are planarized together. 
0097. Referring to FIG. 5E, a portion of the first oxide 
layer 111 is secondarily removed to primarily form the 
isolation layer 115 that defines the active region 106 on the 
buried insulation layer 103. When the isolation layer 115 is 
initially formed on the buried insulation layer 103, the 
silicon nitride layer pattern 108 is protruded from the 
isolation layer 115. For example, the portion of the first 
oxide layer 111 is secondarily removed by a wet etching 
process or a dry etching process. Preferably, the first oxide 
layer 111 is secondarily removed by the wet etching process 
using an etching Solution including hydrogen fluoride (HF). 
The first oxide layer 111 is secondarily removed so that the 
isolation layer 115 has a thickness thicker than that of the 
active region 106 from the buried insulation layer 103. 
0098 Referring to FIG. 5F, the silicon nitride layer 
pattern 108 and the additional oxide layer pattern 107 are 
removed to completely form the semiconductor substrate 
100 that has the active region 106 defined by the isolation 
layer 115. The silicon nitride layer pattern 108 and the 
additional oxide layer pattern 107 may be removed by a wet 
etching process or a dry etching process. Preferably, the 
silicon nitride layer pattern 108 and the additional oxide 
layer pattern 107 are removed by the wet etching process 
using an etching Solution including hot phosphoric acid 
(HPO). Then, impurities are implanted into portions of the 
active region 106 to form channel regions of a semiconduc 
tor device including a transistor. That is, the channel regions 
of the semiconductor device may be formed by an ion 
implanting process. As shown in FIG.5F, the isolation layer 
115 has a thickness S slightly thicker than that of the active 
region 106 so that the isolation layer 115 prevents silicida 
tion of a sidewall of the active region 106 in a subsequent 
silicidation process. 
0099 Referring to FIGS. 5G and 5H, an etching mask 
120 is formed on the isolation layer 115 and on the active 
region 106 to partially expose the active region 106. That is, 
a peripheral portion of the active region 106 is covered with 
the etching mask 120, whereas a central portion of the active 
region 106 is exposed through the etching mask 120. Here, 
the etching mask 120 includes a silicidation prevention layer 
pattern 122 and a second oxide layer pattern 125. 
0100. As shown in FIG. 5G, a silicidation prevention 
layer 121 is formed on the isolation layer 115 and on the 
active region 106. The silicidation prevention layer 121 may 
be formed using nitride such as silicon nitride. For example, 
the silicidation prevention layer 121 has a thickness of about 
10 nm. The silicidation prevention layer 121 prevents dam 
age to the isolation layer 115 generated in a successive wet 
or dry etching process. As a result, the silicidation of the 
sidewall of the active region 106 is effectively prevented in 
the Subsequent silicidation process because the isolation 
layer 115 completely protects the sidewall of the active 
region 106. 
0101. In one embodiment of the present invention, an 
additional silicon oxide layer (not shown) may be formed on 
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the isolation layer 115 and on the active region 106 before 
forming the silicidation prevention layer 121. When the 
silicidation prevention layer 121 is formed using silicon 
nitride, the additional silicon oxide layer serves as a buffer 
layer to reduce stress generated in the silicidation prevention 
layer 121. For example, the additional silicon oxide layer is 
formed by a CVD process. 

0102 As shown in FIG. 5H, a second oxide layer is 
formed on the silicidation prevention layer 121. The second 
oxide layer may have a thickness of about 100 nm. After the 
second oxide layer is partially etched to form the second 
oxide layer pattern 125 that exposes a portion of the silici 
dation prevention layer 121. The exposed portion of the 
silicidation prevention layer 121 is removed to form the 
silicidation prevention layer pattern 122 that exposes the 
central portion of the active region 106. The second oxide 
layer and the silicidation prevention layer 121 are etched by 
a wet etching process or a dry etching process, thereby 
forming the second oxide layer pattern 125 and the silici 
dation prevention layer pattern 122. Hence, the central 
portion of the active region 106 is exposed through the 
second oxide layer pattern 125 and the silicidation preven 
tion layer pattern 122. Preferably, the second oxide layer and 
the silicidation prevention layer 121 are etched by a photo 
lithography process. A gate structure 130 (see FIG. 5J) will 
be formed on the exposed portion of the active region 106. 

0.103 Referring to FIG. 5I, after a gate insulation layer 
pattern 132 is formed on the exposed portion of the active 
region 106, a gate conductive layer 133 is formed on the gate 
insulation layer pattern 132 and the etching mask 120. The 
gate insulation layer pattern 132 may be formed using oxide, 
nitride or oxynitride. The gate conductive layer 133 may be 
formed using conductive material Such polysilicon or metal. 
For example, when the gate insulation layer pattern 132 is 
formed using silicon oxynitride (SiON), the gate insulation 
layer pattern 132 has a thickness of about 0.5 to about 2.0 
nm. Alternatively, the gate insulation layer pattern 132 may 
be formed using material having a high dielectric constant. 

0104 Referring to FIG.5J, the gate conductive layer 133 
is partially removed to expose the second oxide layer pattern 
125 by a CMP process, an etch back process, or a combi 
nation process of a CMP and an etch back. Then, the second 
oxide layer pattern 125 is removed to form the gate structure 
130 on the active region 106. When the second oxide layer 
125 is removed, the silicidation prevention layer pattern 122 
is exposed. The gate structure 130 includes a gate conduc 
tive pattern 134 and the gate insulation layer pattern 132. 
The second oxide layer pattern 125 may be removed by a 
wet etching process using an etching solution including 
hydrogen fluoride. Since the silicidation prevention layer 
pattern 122 is formed to cover the isolation layer 115, the 
isolation layer 115 may not be damaged in the wet etching 
process using the etching solution including hydrogen fluo 
ride. Hence, in the Subsequent silicidation process, silicida 
tion of the sidewall of the active region 106 is prevented 
because the undamaged isolation layer 115 covers the side 
wall of the active region 106. 
0105 Referring to FIGS. 5K and 5L, a gate spacer 143 is 
formed on a sidewall of the gate structure 130. Alternatively, 
an offset spacer 141 may be formed on the sidewall of the 
gate structure 130 before forming the gate spacer 143. When 
the offset spacer 141 is formed on the sidewall of the gate 
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structure 130, the gate spacer 143 is positioned on the offset 
spacer 141. In one embodiment of the present invention, 
Source/drain extension regions 151 may be formed adjacent 
to the active region 106 before forming the gate spacer 143 
on the sidewall of the gate structure 130. 
0106) As shown in FIG. 5K, the offset spacer 141 is 
formed on the sidewall of the gate structure 130 before 
forming the gate spacer 143. Here, a bottom portion of the 
offset spacer 141 is positioned on the silicidation prevention 
layer pattern 122. The gate spacer 143 is formed on the offset 
spacer 141. A bottom portion of the gate spacer 143 is 
positioned on the silicidation prevention layer pattern 122 
when the offset spacer 141 is formed on the sidewall of the 
gate structure 130. Alternatively, when the gate spacer 143 
may be directly formed on the sidewall of the gate structure 
130, the bottom portion of the gate spacer 143 is positioned 
on the silicidation prevention layer pattern 122 without 
forming the offset spacer 141 on the sidewall of the gate 
structure 130. The source/drain extension regions 151 may 
be formed by implanting impurities into portions of the 
active region 106 using the offset spacer 141 as a mask. That 
is, portions of the active region 106 may be converted into 
the Source/drain extension regions 151 by implanting the 
impurities into the portions of the active region 106. 
0107 The offset spacer 141 may be formed using oxide 
and/or nitride. That is, the offset spacer 141 may have a 
single-layered structure of oxide or a double-layered struc 
ture of oxide and nitride. For example, the offset spacer 141 
has a thickness of about 5 to about 20 nm. In particular, a 
layer for the offset spacer 141 is formed on the silicidation 
prevention layer pattern 122 to cover the gate structure 130. 
The layer for the offset spacer 141 is etched by a dry etching 
process using the silicidation prevention layer pattern 122 as 
an etching stop layer, thereby forming the offset spacer 141 
on the sidewall of the gate structure 130. Here, the offset 
spacer 141 is formed using material that has etching selec 
tivity relative to the silicidation prevention layer pattern 122. 
0108. To form the offset spacer 141 having the double 
layered structure of oxide and nitride, an oxide layer and a 
nitride layer are successively formed on the silicidation 
prevention layer pattern 122 to cover the gate structure 130. 
The nitride layer is etched using the oxide layer as an etching 
stop layer, and then the oxide layer is etched using the 
silicidation prevention layer pattern 122 as an etching stop 
layer, thereby forming the offset spacer 141 having the 
double-layered structure on the sidewall of the gate structure 
130. 

0109 The source/drain extension regions 151 are formed 
by implanting N type or P type impurities into the portions 
of the active region 106 using the offset spacer 141 as the 
mask. Further, halo regions may selectively be formed under 
the source/drain extension regions 151 by a slant implanta 
tion process. The halo regions may be formed using N type 
and P type impurities under the P type and N type source/ 
drain extension regions 151, respectively. The halo regions 
may reduce a short channel effect of a semiconductor device 
including a transistor, and also improve electrical character 
istics of the semiconductor device. 

0110 Referring to FIG.5L, the gate spacer 143 is formed 
on the offset spacer 141 and on the silicidation prevention 
layer pattern 122. For example, the gate spacer 143 has a 
thickness of about 10 to about 70 nm. The gate spacer 143 
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may be formed in accordance with a process Substantially 
identical to the above-described process for forming the 
offset spacer 141. The gate spacer 143 may have a single 
layered structure of oxide or a double-layered structure of 
oxide and nitride. The gate spacer 143 is formed using a 
material having etching selectivity relative to the silicidation 
prevention layer pattern 122. 
0111 Referring to FIG.5M, source/drain regions 153 are 
formed at portions of the active region 106 by implanting 
impurities using the gate spacer 143 as a mask. The source? 
drain regions 153 are adjacent to the Source/drain extension 
regions 151, respectively. That is, the Source/drain regions 
153 are formed between the source/drain extension regions 
151 and the isolation layer 115. 
0112 Referring to FIG. 5N, the silicidation prevention 
layer pattern 122 is partially removed until the isolation 
layer 115 is exposed to thereby form silicidation prevention 
patterns 123 beneath the gate spacer 143 and the offset 
spacer 141. Here, the source/drain regions 153 are partially 
exposed between the isolation layer 115 and the silicidation 
prevention patterns 123. The silicidation prevention patterns 
123 are positioned beneath the gate spacer 143 and the offset 
spacer 141 only, whereas the silicidation prevention patterns 
123 cover portions of the sourcefrain regions 153, the 
source/drain extension regions 151 and portions of the active 
region 106. That is, the silicidation prevention patterns 123 
partially cover the source/drain regions 153. In one embodi 
ment of the present invention, the silicidation prevention 
patterns 123 may further remain on the isolation layer 115 to 
which the Subsequent silicidation process is not performed, 
thereby reducing processing time and cost for manufacturing 
the semiconductor device including the transistor. 
0113 Referring to FIG. 5O, the silicidation process is 
carried out about the exposed portions of the source/drain 
regions 153 to form silicidation layers 136 and 157 on the 
exposed portions of the source/drain regions 153 and on the 
gate conductive pattern 134, respectively. Particularly, since 
the isolation layer 115 has a height slightly higher than that 
of the active region 106, the silicidation layer 157 is formed 
on the source/drain regions 153 besides sidewalls of the 
Source/drain regions 153. Accordingly, the silicidation layer 
157 is uniformly formed on surface portions of the source/ 
drain regions 153 except lateral portions and bottom por 
tions of the source/drain regions 153. As a result, voids or 
intrusion may not be generated in the source/drain regions 
153 to thereby reduce a failure of the semiconductor device 
Such as leakage current. In addition, stress generated in the 
process of forming the silicidation prevention patterns 123 
may be advantageously employed in order to improve the 
characteristics of the semiconductor device including a 
P-MOS transistor or an N-MOS transistor. That is, when the 
silicidation prevention pattern 123 includes silicon nitride 
deposited by a thermal process, tensile stress may be gen 
erated in the N-MOS transistor and also electron mobility of 
the N-MOS transistor may be enhanced, thereby improving 
electrical characteristics of the N-MOS transistor. When the 
silicidation prevention pattern 123 includes silicon nitride 
deposited by a plasma process, compressive stress may be 
generated in the P-MOS transistor and hole mobility of the 
P-MOS transistor may be improved, thereby enhancing 
electrical characteristics of the P-MOS transistor. 

0.114) Referring to FIG. 5P, a first insulating interlayer 
163, contact plugs 165, a second insulating interlayer 166, 
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and a metal wiring 169 may be formed on the semiconductor 
substrate 101 where the gate structure 130 and the source/ 
drain regions 153 are formed, thereby completing the semi 
conductor device including the transistor. 

0115 FIGS. 6A to 6C are cross-sectional views illustrat 
ing a method of manufacturing a semiconductor device in 
accordance with another embodiment of the present inven 
tion. 

0116 Referring to FIG. 6A, an active region 206 is 
formed on a semiconductor substrate 100 and exposed 
through the etching mask 120 by processes Substantially 
identical to the processes described with reference to FIGS. 
5A to 5H. Namely, a central portion of the active region 206 
is exposed through the etching mask 120 including a second 
oxide layer pattern 125 and a silicidation prevention layer 
pattern 122. Then, the exposed portion of the active region 
206 is partially etched using the etching mask 120 to thereby 
form a recess at the central portion of the active region 206. 

0117 Referring to FIG. 6B, an additional gate spacer 238 
is formed from a sidewall of the recess to a sidewall of the 
etching mask 120. That is, the additional gate spacer 238 is 
formed on the sidewall of the recess of the active region 206, 
on a sidewall of the silicidation prevention layer pattern 122, 
and on a sidewall of the second oxide layer pattern 125. The 
additional gate spacer 238 may be formed using dielectric 
material such as oxide or nitride. When the additional gate 
spacer 238 is formed on the sidewall of the recess of the 
active region 206, gate overlap capacitance of a semicon 
ductor device may be reduced. 
0118 Referring to FIG. 6C, a gate structure 130 is formed 
on the semiconductor substrate 100 by processes substan 
tially identical to the processes described with reference to 
FIGS. 5I to 5L. Then, the semiconductor device including a 
transistor is formed on the semiconductor substrate 100 by 
processes Substantially identical to the processes described 
with reference to FIGS. SM to SP. 

0119 When the additional gate spacer 238 is formed as 
shown in FIG. 6B, the gate structure 130 is positioned on the 
recess of the active region 206. Here, most of the additional 
gate spacer 238 is interposed between the gate conductive 
pattern 134 and an offset spacer 141, whereas an upper 
portion of the additional gate spacer 238 is positioned 
between a silicidation layer 136 and the offset spacer 141. 
Thus, three spacers 238, 141 and 143 are formed on a 
sidewall of the gate structure 130. In the present embodi 
ment, the semiconductor device including the transistor may 
have thin channel regions and thick Source? drain regions so 
that the transistor may have improved characteristics as 
described above. 

0120 Referring now to FIG. 6C, a first insulating inter 
layer 163, contact plugs 165, a second insulating interlayer 
166, and a metal wiring 169 may be sequentially formed on 
the semiconductor substrate 101 where the gate structure 
130 and the source/drain regions 153 are formed, thereby 
completing the semiconductor device including the transis 
tOr. 

0121 FIG. 7 is a flow chart illustrating a method of 
manufacturing a semiconductor device including a triple 
gate transistor in accordance with one embodiment of the 
present invention. 
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0122) Referring to FIG. 7, after an SOI substrate is 
prepared in step S210, active regions are defined on the SOI 
substrate in step S220. An etching mask partially or fully 
exposing the active regions is formed on the SOI substrate 
in step S230. The etching mask includes a silicidation 
prevention layer pattern and an oxide layer pattern. 
0123. In step S240, a portion of the oxide layer pattern 
crossing the fully exposed active region is removed to 
expose a portion of a buried insulation layer of the SOI 
substrate. Gate structures are formed on the partially 
exposed active region and on the exposed portion of the 
buried insulation layer so as to enclose the fully exposed 
active region in step S250. 
0.124. In step S260, gate spacers are formed at sidewalls 
of the gate structures, respectively. In step S270, a semi 
conductor device including a triple gate transistor is formed 
on the SOI substrate by forming source/drain regions at the 
active regions using the gate spacers as masks. 
0.125 FIGS. 8A to 8D are cross-sectional views illustrat 
ing a method of manufacturing a semiconductor device 
including a triple gate transistor in accordance with another 
embodiment of the present invention. 
0.126 Referring to FIG. 8A, an SOI substrate is prepared 
by a process substantially identical to the above-described 
process. The SOI substrate includes a lower semiconductor 
layer 301, a buried insulation layer 303 formed on the lower 
semiconductor layer 301, and an upper semiconductor layer 
positioned on the buried insulation layer 303. 
0127. When an isolation layer 315 is formed on the 
buried insulation layer 303, active regions 306 are defined 
from the upper semiconductor layer by processes Substan 
tially identical to the processes described with reference to 
FIGS 5A to SF. 

0128. An etching mask 320 is formed on the isolation 
layer 315 and on the active regions 306. The etching mask 
320 includes a silicidation prevention layer pattern 322 and 
an oxide layer pattern 325. The etching mask 320 partially 
and fully exposes the active regions 306 or the etching mask 
320 covers the active region 306. That is, a central portion 
of one active region 306 is exposed through the etching 
mask 320, another active region 306 is covered with the 
etching mask 320, and the other active region 306 is fully 
exposed through the etching mask320. Here, a portion of the 
isolation layer 315 around the fully exposed active region 
306 is also exposed through the etching mask 320. 
0129 Referring to FIG. 8B, the portion of the isolation 
layer 315 around the fully exposed active region 306 is 
removed using the etching mask 320, thereby exposing a 
portion 304 of the buried insulation layer 303 around the 
fully exposed active region 306. Here, the portion of the 
isolation layer 315 around the fully exposed active region 
306 is etched without damage to the exposed portion 304 of 
the buried insulation layer 303. In addition, when the 
isolation layer 315 is partially etched, the oxide layer pattern 
325 is partially etched. Hence, the oxide layer pattern 325 is 
properly controlled to have sufficient thickness so that the 
oxide layer pattern 325 remains on the isolation layer 315 
and on the fully exposed active regions 306, whereas the 
portion 304 of the buried insulation layer 303 is exposed. As 
a result, the fully exposed active region 306 may have a 
three-dimensional structure, and also channel regions of a 
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triple gate transistor may be formed at lateral portions and an 
upper portion of the fully exposed active region 306, thereby 
forming the triple gate transistor on the SOI substrate. 

0130 Referring to FIG. 8C, gate structures 330 and 340 
are formed on the partially and fully exposed active regions 
306, respectively. The gate structure 340 positioned on the 
exposed portion of the buried insulation layer 303 encloses 
the fully exposed active region 306. The gate structure 330 
formed on the partially exposed active region 306 includes 
a gate oxide layer pattern 332, a gate conductive pattern 334 
and a silicidation layer 336. The gate structure 340 enclosing 
the fully exposed active region 306 includes a gate oxide 
layer pattern 332, a gate conductive pattern 334 and a 
silicidation layer 336. Thus, the triple gate transistor includ 
ing the channel regions formed at lateral and upper portions 
of the fully exposed active region 306 is formed on the SOI 
substrate because the gate structure 340 encloses the lateral 
and upper portions of the fully exposed active region 306. 

0131 Gate spacers 343 are formed on sidewalls of the 
gate structures 330 and 340, respectively. Alternatively, 
offset spacers 341 may be formed on the sidewalls of the 
gate structures 330 and 340 before forming the gate spacers 
343. When the offset spacers 341 are formed on the sidewall 
of the gate structures 330 and 340, the offset spacers 341 are 
interposed between the gate spacers 343 and the sidewalls of 
the gate structures 330 and 340. Source/drain extension 
regions 351 may be formed by implanting impurities into 
portions of the active regions 306 using the offset spacers 
341 as masks. 

0132) Source/drain regions 353 are formed at portions of 
the active regions 306 adjacent to the gate structures 330 and 
340 by implanting impurities using the gate spacers 343 as 
masks. The source/drain extension regions 351 are inter 
posed between the source/drain regions 353 and the active 
region 306 when the source/drain extension regions 351 are 
formed. Portions of the silicidation prevention layer pattern 
322 may be removed to form silicidation prevention patterns 
323 that expose portions of the source/drain regions 353 and 
the isolation layer 315. Then, silicidation layers 357 and 336 
are formed at portions of the source/drain regions 353 and 
the gate conductive patterns 334 by a silicidation process. 
The silicidation process is executed about the exposed 
portions of the source/drain regions 353 and gate conductive 
patterns 334 to thereby form the silicidation layers 357 and 
336 on the exposed portion of the source/drain regions 353 
and on the gate conductive patterns 334, respectively. In 
particular, since the isolation layer 315 has height slightly 
higher than those of the active regions 306, the silicidation 
layers 357 are formed on upper portions of the source/drain 
regions 353 beside sidewalls of the source/drain regions 
353. That is, the silicidation layer 357 is formed on surface 
portions of the source/drain regions 353 except lateral 
portions and bottom portions of the Source/drain regions 
353. As a result, voids or intrusion may not be generated in 
the source/drain regions 353, thereby reducing a failure of 
the semiconductor device including the triple gate transistor 
Such as leakage current. 
0133) Referring to FIG. 8D, after a first insulating inter 
layer 363 is formed on the SOI substrate to cover the gate 
structures 330 and 340, contact plugs 366 contacting the 
source/drain regions 353 are formed through the first insu 
lating interlayer 363. A protection layer 361 may be selec 
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tively formed to cover the gate structures 330 and 340 before 
forming the first insulating interlayer 363. 
0.134. A second insulating interlayer 367 is formed on the 

first insulating interlayer 363, and then wirings 369 con 
nected to the contact plugs 366 are formed through the 
second insulating interlayer 367. Therefore, the semicon 
ductor device including the triple gate transistor is com 
pleted. 

0135 FIGS. 9A to 9D are cross-sectional views illustrat 
ing a method of manufacturing a semiconductor device 
including a triple gate transistor in accordance with another 
embodiment of the present invention. 
0.136) Referring to FIG.9A, an isolation layer 315, active 
regions 306 and 406 and an etching mask 320 are formed on 
a substrate including a lower semiconductor layer 301 and a 
buried insulation layer 303 by processes substantially iden 
tical to the processes described with reference to FIG. 8A. 
0.137 The etching mask 320 includes a silicidation pre 
vention layer pattern 322 and an oxide layer pattern 325 that 
partially and fully expose the active regions 306 and 406. 
Additionally, the etching mask 320 completely covers one 
active region 306. 
0.138 A recess is formed at the partially exposed active 
region 406 using the etching mask 320. When the partially 
exposed active region 406 has the recess, thin channel 
regions and thick source/drain regions may be achieved to 
thereby form a semiconductor device including a triple gate 
transistor that has improved electrical characteristics. 
0139 Referring to FIG.9B, an additional gate spacer 438 
may be formed from a sidewall of the recess of the partially 
exposed active region 406 to a sidewall of the etching mask 
320. That is, the additional gate spacer 438 may be formed 
on the sidewall of the recess, on a sidewall of the silicidation 
prevention layer pattern 322 and on a sidewall of the oxide 
layer pattern 325. The additional gate spacer 438 may be 
formed using dielectric material Such as oxide or nitride. 
When the additional spacer 438 is formed, the semiconduc 
tor device including the triple gate transistor may have 
reduced gate overlap capacitance. 

0140 Referring to FIG. 9C, a portion of the isolation 
layer 315 around the fully exposed active region 306 is 
removed so that a portion 304 of the buried insulation layer 
303 around the fully exposed active region 306 is exposed. 
The isolation layer 315 is partially etched without damage to 
the portion 304 of the buried insulation layer 303. Addition 
ally, when the isolation layer 315 is partially etched, the 
oxide layer pattern 325 is partially etched at the same time. 
Thus, the oxide layer pattern 325 is properly controlled to 
have sufficient thickness so that the oxide layer pattern 325 
remains on the isolation layer 315 and on the active regions 
306, whereas the portion 304 of the buried insulation layer 
303 is exposed. 

0.141 Referring to FIG. 9D, after forming gate structures 
330 and 340 on the partially and fully exposed active regions 
406 and 306, gate spacers 343 are formed on sidewalls of the 
gate structures 330 and 340. One gate structure 340 posi 
tioned on the exposed portion 304 of the buried insulation 
layer 303 encloses the fully exposed active region 306. 
Another gate structure 330 formed on the partially exposed 
active region 406 includes a gate oxide layer pattern 332, a 
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gate conductive pattern 334 and a silicidation layer 336. One 
gate structure 340 enclosing the fully exposed active region 
306 includes a gate oxide layer pattern 332, a gate conduc 
tive pattern 334 and a silicidation layer 336. 

0142. Offset spacers 341 may be formed on the sidewalls 
of the gate structures 330 and 340 before forming the gate 
spacers 343. Additionally, Source/drain extension regions 
351 may be formed by implanting impurities into portions of 
the active regions 406 using the offset spacer 341 as a mask. 

0143 Source/drain regions 353 are formed at portions of 
the active regions 406 adjacent to the gate structure 330 by 
implanting impurities using the gate spacer 343 as a mask. 
Portions of the silicidation prevention layer pattern 322 may 
be removed to form silicidation prevention patterns 323 that 
expose the source/drain regions 353 and the isolation layer 
315. Then, silicidation layers 357 and 336 may be formed at 
the exposed portions of the source/drain regions 353 and the 
gate conductive patterns 334 by a silicidation process. 

0144. After a first insulating interlayer 363 is formed on 
the SOI substrate to cover the gate structures 330 and 340, 
contact plugs 366 contacting the source/drain regions 353 
are formed through the first insulating interlayer 363. A 
protection layer 361 may be formed to cover the gate 
structures 330 and 340 before forming the first insulating 
interlayer 363. A second insulating interlayer 367 is formed 
on the first insulating interlayer 363, and then wirings 369 
connected to the contact plugs 366 are formed through the 
second insulating interlayer 367. Therefore, the semicon 
ductor device including the transistor is formed on the 
substrate. 

014.5 FIGS. 10A to 10F are cross-sectional views illus 
trating a method of manufacturing a semiconductor device 
including a triple gate transistor in accordance with another 
embodiment of the present invention. 
014.6 Referring to FIG. 10A, there is provided a substrate 
including a lower semiconductor layer 301, a buried insu 
lation layer 303 and upper semiconductor layer patterns 305. 
Additional oxide layer patterns 307 and silicon nitride layer 
patterns 308 are successively formed on the upper semicon 
ductor layer patterns 305, respectively. 

0147 An etching stop layer 309 is formed on the buried 
insulation layer 303 to cover the resultant structures on the 
buried insulation layer 303. The etching stop layer 309 may 
include silicon nitride to identify an etching end point in a 
Subsequent etching process. 

0148 Referring to FIG. 10B, active regions 306 are 
defined on the buried insulation layer 303 by forming etch 
stop layer patterns 310 and an isolation layer 315 on the 
buried insulation layer 303 and on the upper semiconductor 
layer patterns 305. Particularly, a first oxide layer is formed 
on the etching stop layer 309. The first oxide layer is 
partially etched until portions of the etching stop layer 309 
on the silicon nitride layer patterns 308 are exposed. The 
silicon nitride layer patterns 308, the additional oxide layer 
patterns 307, portions of the etching layer 309 and portions 
of the first oxide layer are etched until the upper semicon 
ductor layer patterns 305 are exposed. Hence, the active 
regions 306 defined by the isolation layer 315 are formed on 
the buried insulation layer 303, and etching stop layer 
patterns 310 are formed on the buried insulation layer 303 
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and on sidewalls of the active regions 306. Additionally, the 
isolation layer 315 is formed to cover the etching stop layer 
patterns 310. 
0.149 Referring to FIG. 10C, a silicidation prevention 
layer 321 is formed on the active regions 306 and on the 
isolation layer 315. The silicidation prevention layer 321 
may be formed using silicon nitride. 
0150. A second oxide layer 324 is formed on the silici 
dation prevention layer 321. The second oxide layer 324 
may be planarized by a CMP process, an etch back process 
or a combination process of a CMP and an etch back. 
0151 Referring to FIG. 10D, the second oxide layer 324 
and the silicidation prevention layer 321 are partially etched 
to form an etching mask 320 on the isolation layer 315 and 
on the active regions 306. The etching mask 320 includes a 
second oxide layer pattern 325 and a silicidation prevention 
layer pattern 322, which partially and fully expose the active 
regions 306. Additionally, the etching mask 320 completely 
covers one of the active regions 306. Here, a portion of the 
isolation layer 315 around the fully exposed active region 
306 is exposed through the etching mask 320. 
0152 Referring to FIG. 10E, the exposed portion of the 
isolation layer 315 around the fully exposed active region 
306 is removed using the etching mask 320 to thereby 
expose a portion 319 of the etching stop layer patterns 310 
around the fully exposed active regions 306. The exposed 
portion 319 of the etching stop layer patterns 310 prevent the 
buried insulation layer 303 from being damaged in the 
etching of the isolation layer 315. 
0153. Referring to FIG. 10F, the exposed portion 319 of 
the etching stop layer patterns 310 is removed to expose a 
portion of the buried insulation layer 303 around the fully 
exposed active region 306. Then, gate oxide layer patterns 
332 are formed on the active regions 306. One gate oxide 
layer pattern 332 is formed on partially exposed active 
region 306, whereas another gate oxide layer pattern 332 is 
formed to enclose the fully exposed active region 306. A 
semiconductor device including the triple gate transistor is 
formed on the Substrate according to processes Substantially 
identical to the processes described with reference to FIGS. 
8C and 8D. 

0154 FIG. 11A is a cross-sectional view illustrating a 
semiconductor device in accordance with another one 
embodiment of the present invention. 
O155 Referring to FIG. 11A, a semiconductor device of 
the present embodiment includes a substrate 100, a gate 
structure 130, a silicidation prevention pattern 122 and a 
gate spacer 143. 

0156 The substrate 100 may include a silicon substrate 
or an SOI substrate. The substrate 100 includes a lower 
semiconductor layer 101, a buried insulation layer 103 
formed on the lower semiconductor substrate 101, and an 
upper semiconductor layer pattern (that is, an active region 
106) formed on the buried insulation layer 103. The lower 
semiconductor layer 101 may include a silicon layer, and the 
buried insulation layer 103 may include a buried oxide layer. 
For example, the buried insulation layer 103 has a thickness 
of about 150 nm, and the upper semiconductor layer pattern 
has a thickness of about 40 nm. The upper semiconductor 
layer pattern may include a single crystalline silicon layer. 



US 2007/0170508 A1 

When the SOI substrate is employed for the semiconductor 
device including a transistor, circuit units are separated from 
one another by the buried insulation layer 103. Therefore, 
latch up of the transistor included in the semiconductor 
device may be avoided, and also a parasite capacitance of 
the semiconductor device may be reduced. In addition, the 
semiconductor device may have rapid response speed and 
low power consumption when the semiconductor device is 
formed using the SOI substrate in comparison with a bulk 
silicon Substrate. 

0157 The semiconductor device of the present embodi 
ment includes an etching stop layer pattern 110 and an 
isolation layer 115 to define the active region 106. The 
etching stop layer pattern 110 is formed on the buried 
insulation layer 103 and on a sidewall of the active region 
106. The isolation layer 115 is formed on the etching stop 
layer pattern 110 to enclose the active region 106. The 
isolation layer 115 has a thickness slightly thicker than that 
of the active region 106 so as to prevent silicidation of a 
sidewall of the active region 106 in a subsequent silicidation 
process. 

0158. The semiconductor device of the present embodi 
ment further includes source/drain regions 153 formed in the 
active region 106, and silicide layers 157 formed on the 
source/drain regions 153. The semiconductor device may 
include source/drain extension regions 151 between the 
source/drain regions 153 and the active region 106. 

0159. The gate structure 130 of the semiconductor device 
includes a gate insulation layer pattern 132 and a gate 
conductive pattern 134. The gate insulation layer pattern 132 
may include oxide, nitride or oxynitride. The gate conduc 
tive pattern 134 may include conductive material Such as 
polysilicon or metal. The gate structure 130 may further 
include a gate silicide pattern 136 when the gate conductive 
pattern 134 includes polysilicon. 

0160 The gate structure 130 further includes a gate 
spacer 143 formed on a sidewall of the gate structure 130. 
An offset spacer 141 may be formed between the sidewall of 
the gate structure 130 and the gate spacer 143. Additionally, 
source/drain extension regions 151 may be formed between 
the active region and the Source/drain regions 153, respec 
tively. 

0161 The semiconductor device of the present embodi 
ment includes a silicidation prevention pattern 122 that 
covers a portion of the active region 106, the source/drain 
extension regions 151, and portions of the source/drain 
regions 153. The silicidation prevention pattern 122 is 
positioned beneath the gate and offset spacers 143 and 141. 
Here, the gate spacer 143 may be formed using a material 
that has etching selectivity relative to the silicidation pre 
vention pattern 122. For example, the gate spacer 143 is 
formed using oxide, nitride or oxynitride. The silicidation 
prevention pattern 122 prevents the isolation layer 115 from 
being damaged in a wet or a dry etching process. Because 
the undamaged isolation layer 115 effectively protects a 
sidewall of the active region 106, silicidation of the sidewall 
of the active region 106 may be prevented. 

0162. In one embodiment of the present invention, a 
silicon oxide layer may be formed before forming the 
silicidation prevention pattern 122. When the silicidation 
prevention pattern 122 is formed using silicon nitride, the 
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silicon oxide layer serves as a buffer layer for reducing stress 
generated in the silicidation prevention pattern 122. For 
example, the silicon oxide layer may be formed by a CVD 
process. On the other hand, the stress generated in the 
silicidation prevention pattern 122 may be utilized for 
improving performance of the semiconductor device having 
the transistor. For example, when the silicidation prevention 
pattern 122 is formed using thermally deposited silicon 
nitride, tensile stress may be generated in the silicidation 
prevention pattern 122 so that electron mobility of an 
N-MOS transistor may be enhanced to improve electrical 
characteristics of the N-MOS transistor. When the silicida 
tion prevention pattern 122 is formed using silicon nitride 
deposited by a plasma process, compressive stress may be 
generated in the silicidation prevention pattern 122 so that 
hole mobility of a P-MOS transistor may be enhanced to 
thereby improve electrical characteristics of the P-MOS 
transistor. 

0.163 The semiconductor device of the present embodi 
ment may include etching stop layer patterns 110 when an 
etching stop layer is formed on the buried insulation layer 
103 as described above. 

0164. The semiconductor device of the present embodi 
ment further includes a first insulating interlayer 163 cov 
ering the gate structure 130, contact plugs 165 contacting the 
source/drain regions 153, a second insulating interlayer 166 
formed on the first insulating interlayer 163, and a wiring 
169 contacting the contact plugs 165. 
0.165. As shown in FIG. 11A, the active region 106 of the 
present embodiment does not have a recess thereon. In a 
silicidation process, the silicide layers 157 are formed on 
upper portions of the source/drain regions 153 except lateral 
portions of the source/drain regions 153. Thus, the silicida 
tion layers 157 are uniformly formed on the source/drain 
regions 153 without silicidation of sidewalls and bottom 
portions of the source/drain regions 153. As a result, voids 
or intrusion may be prevented to thereby improve the 
semiconductor device including the transistor without a 
failure Such as leakage current. 
0166 FIG. 11B is a cross-sectional view illustrating a 
semiconductor device in accordance with another embodi 
ment of the present invention. 
0.167 Referring to FIG. 11B, a semiconductor device of 
the present embodiment includes a recess formed at a central 
portion of an active region 206 defined by an isolation layer 
115. A gate structure 130 is formed on the recess of the 
active region 206. 
0.168. The semiconductor device of the present invention 
may include an offset spacer 141 and an additional gate 
spacer 238. The gate spacer 238 may be formed using 
dielectric material such as oxide. The offset spacer 141 is 
interposed between a gate spacer 143 and a gate conductive 
pattern 134. The additional gate spacer 238 is formed 
between the gate conductive pattern 134 and the offset 
spacer 141. 

0169. In the present embodiment, other elements of the 
semiconductor device are substantially identical to those of 
the semiconductor device shown in FIG. 11A. Since the 
semiconductor device of the present invention includes a 
triple gate transistor that has relatively thin channel regions 
and relatively thick source/drain regions 153, the semicon 
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ductor device may have improved electrical characteristics 
without silicidation of a sidewall of the active region 206. 
0170 FIG. 12A is a cross-sectional view illustrating a 
semiconductor device including a triple gate transistor in 
accordance with one embodiment of the present invention. 
0171 Referring to FIG. 12A, a semiconductor device of 
the present embodiment includes an SOI substrate. The SOI 
substrate has a lower semiconductor layer 301, a buried 
insulation layer 303 and upper semiconductor layer patterns 
corresponding to active regions 306. The active regions 306 
are defined on the buried insulation layer 303 by an isolation 
layer 315. Etching stop layer patterns 310 may be formed 
between the isolation layer 315 and the buried insulation 
layer 303. In addition, the etching stop layer patterns 310 
may enclose sidewalls of the active regions 306. Source/ 
drain regions 353 are formed at portions of the active region 
306. Source/drain extension regions 351 may be formed 
between the source/drain region 353 and the active region 
306. 

0172 The semiconductor device of the present embodi 
ment includes gate structures 330 and 340 formed on the 
active regions 306, respectively. One gate structure 330 is 
formed on one active region 306 whereas another gate 
structure 340 is formed to enclose another active region 306. 
Each of the gate structures 330 and 340 includes a gate 
insulation layer pattern 332, a gate conductive pattern 334 
and silicide layer 336. A protection layer 361 may be formed 
on the SOI substrate to cover the gate structures 330 and 
340. 

0173 Gate spacers 343 are formed on sidewalls of the 
gate structures 330 and 340. Offset spacers 341 may be 
interposed between the gate spacers 343 and the sidewalls of 
the gate structures 330 and 340, respectively. 

0174 The semiconductor device of the present embodi 
ment includes silicidation prevention patterns 323 formed 
beneath the gate spacer 341 and the offset spacer 343. The 
silicidation prevention patterns 323 cover the source/drain 
extension regions 351, portions of the active region 306 and 
portions of the source/drain regions 351. The suicide layers 
357 are also formed on the source/drain regions 353. The 
silicidation prevention patterns 323 prevent the isolation 
layer 315 from being damaged in an etching process Such as 
a wet etching or a dry etching process. A silicon oxide layer 
may be formed before forming the silicidation prevention 
patterns 323 so as to reduce stress generated in the silici 
dation prevention patterns 323. 

0175. The semiconductor device including a triple gate 
transistor further has a first insulating interlayer 363 cover 
ing the resultant structures formed on the SOI substrate, 
contact plugs 365 contacting the source/drain regions 353, a 
second insulating interlayer 366 formed on the first insulat 
ing interlayer 363, and a metal wiring 369 electrically 
connected to the contact plugs 365. 
0176 FIG. 12B is a cross-sectional view illustrating a 
semiconductor device including a triple gate transistor in 
accordance with another embodiment of the present inven 
tion. 

0177 Referring to FIG. 12B, a semiconductor device of 
the present embodiment includes an SOI substrate. The SOI 
substrate has a lower semiconductor layer 301, a buried 
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insulation layer 303 and upper semiconductor layer patterns 
corresponding to active regions 306. The active regions 306 
are defined on the buried insulation layer 303 by an isolation 
layer 315. Etching stop layer patterns 310 may be formed 
between the isolation layer 315 and the buried insulation 
layer 303. Additionally, the etching stop layer patterns 310 
may enclose sidewalls of the active regions 306. Source/ 
drain regions 353 are formed at portions of the active region 
306. Source/drain extension regions 351 may be formed 
between the source/drain regions 353 and the active region 
306. 

0.178 The semiconductor device of the present embodi 
ment includes gate structures 330 and 340 formed on the 
active regions 306, respectively. One gate structure 330 is 
formed on a recess of one active region 306, and another 
gate structure 340 is formed to enclose another active region 
306. The gate structures 330 and 340 include gate insulation 
layer patterns 332, gate conductive patterns 334 and silicide 
layers 336, respectively. The gate structures 330 on the 
recess of the active region 306 may include an additional 
gate spacer 438 formed on a sidewall of the gate conductive 
pattern 334. A protection layer 361 may be formed on the 
SOI substrate to cover the gate structures 330 and 340. 

0179) Gate spacers 343 are formed on sidewalls of the 
gate structures 330 and 340. Offset spacers 341 may be 
interposed between the gate spacers 343 and the sidewall of 
the gate structures 330 and 340, respectively. 

0180. The semiconductor device of the present embodi 
ment includes silicidation prevention patterns 323 formed 
beneath the gate spacer 341 and the offset spacer 343. The 
silicidation prevention patterns 323 cover the source/drain 
extension regions 351, portions of the active region 306 and 
portions of the source/drain regions 351. The silicide layers 
357 are also formed on the source/drain regions 353. The 
silicidation prevention patterns 323 prevent the isolation 
layer 315 from being damaged in an etching process such as 
a wet etching or a dry etching process. The semiconductor 
device includes a triple gate transistor that has thin channel 
regions and thick source/drain regions 353 to thereby 
improve electrical characteristics thereof. Other elements of 
the semiconductor device of the present embodiment are 
substantially identical to those of the semiconductor device 
shown in FIG. 12A. 

0181. According to the present invention, a semiconduc 
tor device may include a triple gate transistor that has 
improved electrical characteristics without generation of 
voids and intrusion thereof. Thus, the semiconductor device 
including the triple gate transistor may have enhanced 
performance and reliability. Additionally, a failure such as 
thermal budget of the semiconductor device may be pre 
vented in a step of forming silicidation prevention patterns 
of the semiconductor device because the silicidation pre 
vention patterns are formed before forming source/drain 
regions of the semiconductor device. 

0182 While the present invention has been particularly 
shown and described with reference to exemplary embodi 
ments thereof, it will be understood by those of ordinary 
skill in the art that various changes in form and details may 
be made therein without departing from the spirit and scope 
of the present invention as defined by the following claims. 
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What is claimed is: 
1. A semiconductor device comprising: 
a Substrate including an isolation layer and an active 

region defined by the isolation layer; 
a gate structure formed on the active region; 
a silicidation prevention pattern formed on a portion of 

the active region adjacent to the gate structure; and 
a gate spacer formed on a sidewall of the gate structure. 
2. The semiconductor device of claim 1, wherein the 

isolation layer has a thickness thicker than a thickness of the 
active region. 

3. The semiconductor device of claim 1, further compris 
ing a silicide layer formed on a portion of the active region 
adjacent to the silicidation prevention pattern. 

4. The semiconductor device of claim 1, wherein the 
substrate includes an SOI substrate having a lower semi 
conductor Substrate, a buried insulation layer and an upper 
semiconductor layer, and the active region is formed by at 
least partially etching the upper semiconductor layer. 

5. The semiconductor device of claim 1, wherein the gate 
structure includes a gate insulation layer pattern formed on 
the active region and a gate conductive pattern formed on the 
gate insulation layer pattern. 

6. The semiconductor device of claim 5, wherein the gate 
structure further includes a silicide layer formed on the gate 
conductive pattern. 

7. The semiconductor device of claim 1, wherein the 
silicidation prevention pattern includes thermally deposited 
silicon nitride or silicon nitride deposited by a plasma 
process. 

8. The semiconductor device of claim 1, further compris 
ing a silicon oxide layer pattern formed between the active 
region and the silicidation prevention pattern. 

9. The semiconductor device of claim 1, wherein the gate 
spacer includes material having an etching selectivity rela 
tive to the silicidation prevention pattern. 

10. The semiconductor device of claim 1, wherein the gate 
spacer has a single-layered structure including at least one of 
oxide, nitride and a multi-layered structure including oxide 
and nitride. 
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11. The semiconductor device of claim 1, further com 
prising an offset spacer formed between the gate spacer and 
the sidewall of the gate structure. 

12. The semiconductor device of claim 1, wherein the 
active region includes source/drain regions formed thereon 
and source/drain extension regions formed between the gate 
spacer and the Source/drain regions. 

13. The semiconductor device of claim 1, wherein the 
active region includes a recess, and the gate structure is 
positioned on the recess. 

14. The semiconductor device of claim 13, further com 
prising an additional spacer formed between the gate spacer 
and the sidewall of the gate structure. 

15. A semiconductor device comprising: 

an SOI substrate including a lower semiconductor layer, 
a buried insulation layer and a three-dimensional active 
region having a polygonal structure formed on the 
buried insulation layer; 

a gate structure formed on the buried insulation layer, 
wherein the gate structure encloses the active region; 

a silicidation prevention pattern formed on a portion of 
the active region adjacent to the gate structure; and 

a gate spacer formed on a sidewall of the gate structure. 
16. The semiconductor device of claim 15, further com 

prising channel regions formed on an upper portion and 
lateral portions of the active region. 

17. The semiconductor device of claim 15, further com 
prising a silicide layer formed on a portion of the active 
region adjacent to the silicidation prevention pattern. 

18. The semiconductor device of claim 15, wherein the 
active region includes a recess, and the gate structure is 
formed on the recess. 

19. The semiconductor device of claim 18, further com 
prising an additional gate spacer formed between the side 
wall of the gate structure and the gate spacer. 


