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(57) ABSTRACT 

A method of fabricating a contact plug of a semiconductor 
device is provided, the method includes forming a gate pat 
tern on a Substrate, forming a capping pattern to cover an 
upper Surface and sidewalls of the gate pattern, forming an 
interlayer insulation layer on the substrate such that the inter 
layer insulation layer exposes an upper Surface of the capping 
pattern, and removing a portion of the capping patternand the 
interlayer insulation layer such that the upper surface of the 
capping pattern is planarized. 
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METHODS OF FABRICATING A 
SEMCONDUCTOR DEVICE 

PRIORITY STATEMENT 

0001. This U.S. non-provisional patent application claims 
the benefit of priority under 35 U.S.C. S 119 from Korean 
Patent Application No. 10-2007-0130190, filed on Dec. 13, 
2007, the entire contents of which are hereby incorporated by 
reference. 

BACKGROUND 

0002 1. Field 
0003. Example embodiments disclosed herein relate to 
methods of fabricating a semiconductor device, and more 
particularly, to methods of fabricating a contact plug of a 
semiconductor device. 
0004 2. Description of Related Art 
0005. As semiconductor devices become more highly 
integrated, various techniques for achieving higher integra 
tion are being proposed. For electrical connection between a 
capacitor and a bit line and between Source? drain regions, a 
self aligned contact (SAC) technique is used. 
0006. In the SAC technique, after forming an opening that 
simultaneously exposes gates of a region requiring a contact 
plug and a semiconductor Substrate between the gates, a 
conductive layer is deposited to fill the opening. The contact 
plug is formed by planarizing the conductive layer. Subse 
quently, the capacitor and the bit line, electrically connected 
to the contact plug, are formed. 
0007 If the contact plug of the semiconductor device is 
formed using the SAC technique, an etch selectivity between 
an interlayer insulation layer (covering a semiconductor Sub 
strate) and a capping pattern (covering a gate electrode) may 
not be satisfactory during the formation of the opening. Thus, 
the top height and sidewall thickness of the capping pattern 
may be insufficient. If over etching is performed to prevent 
Not Open (N/O) of the semiconductor substrate between the 
gates during the formation of the opening, the thickness of a 
shoulder portion between the top portion (or upper Surface) 
and sidewall of the capping pattern may become weaker. If a 
bar type contact plug is formed, it becomes difficult to control 
planarization of the conductive layer as a removal rate (RR) of 
an etch region increases. Accordingly, leakage may occur 
more frequently between the gate electrode and the contact 
plug. 
0008. An additional plug connected to the contact plug 
may beformed Subsequent to formation of the contact plug. If 
the over etching is performed during the process for forming 
the additional plug connected to the contact plug, the shoulder 
portion of the capping pattern may be further etched. If the 
shoulder portion of the capping pattern is further etched, the 
additional plug and the gate electrode are electrically con 
nected to each other. As such, the semiconductor device can 
not operate. 
0009. As a design rule is reduced due to the higher inte 
gration of the semiconductor devices, the above-mentioned 
limitations reduce a shoulder margin of the capping pattern 
(e.g., a manufacturing margin for forming the contact plug of 
the semiconductor device). 

SUMMARY 

00.10 Example embodiments disclosed herein relate to 
methods of fabricating a semiconductor device, and more 
particularly, to methods of fabricating a contact plug of a 
semiconductor device. 
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0011. At least one example embodiment provides meth 
ods of fabricating a semiconductor device capable of increas 
ing a shoulder margin during a process for forming a contact 
plug of the semiconductor device. 
0012. An example embodiment may provide a method of 
fabricating a semiconductor device including forming a gate 
pattern on a Substrate, forming a capping pattern to cover atop 
(or upper) Surface and sidewalls of the gate pattern, forming 
an interlayer insulation layer on the Substrate such that the 
interlayer insulation layer exposes a top (or upper) Surface of 
the capping pattern, and removing a portion of the capping 
pattern and the interlayer insulation layer Such that the upper 
Surface of the capping pattern is planarized. Removing a 
portion of the capping pattern and the interlayer insulation 
layer may include polishing the capping patternand the inter 
layer insulation layer using a chemical mechanical polishing 
(CMP) method. 
0013. According to another example embodiment, form 
ing the gate pattern may include sequentially forming a gate 
insulation layer and a gate conductive layer on the Substrate, 
and forming a gate insulation layer pattern and a gate elec 
trode by sequentially patterning the gate conductive layer and 
the gate insulation layer. 
0014 Forming the capping pattern may include forming a 
mask pattern to cover the top (or upper) Surface of the gate 
pattern, and forming a spacer to cover sidewalls of the gate 
pattern. 
0015. According to an example embodiment, forming the 
mask pattern may include sequentially forming the gate insu 
lation layer, the gate conductive layer and a mask layer on the 
Substrate, and forming a gate insulation layer pattern, the gate 
electrode and the mask pattern by sequentially patterning the 
mask layer, the gate conductive layer and the gate insulation 
layer. 
0016. According to at least one example embodiment, 
forming the spacer may include forming a spacer layer on the 
Substrate having the mask pattern thereon, and etching the 
spacer layer using an anisotropic etch process. 
0017. According to an example embodiment, the mask 
pattern and the spacer may be formed of the same material. 
For instance, the mask pattern and the spacer may be formed 
of a silicon nitride. 
0018. According to example embodiments, the interlayer 
insulation layer may be formed of a silicon oxide. 
0019. According to an example embodiment, the CMP 
method may use a slurry having a polishing speed greater 
than, or equal to, approximately 200 A/min with respect to the 
capping pattern. 
0020. According to another example embodiment, the 
CMP method may use a slurry having a polishing speed grater 
than, or equal to, approximately 500 A/min with respect to the 
capping pattern. 
0021. In yet another example embodiment, the CMP 
method may use a slurry having a polishing speedless than, or 
equal to, about 100 A/min with respect to the interlayer insu 
lation layer. In another example embodiment, the CMP 
method may use a slurry having a polishing speedless than, or 
equal to, about 50 A/min with respect to the interlayer insu 
lation layer. 
0022. According to an example embodiment, the CMP 
method may use a slurry having a polishing speed ratio of the 
capping pattern to the interlayer insulation layer of more than 
2:1. 
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0023. In another example embodiment, the CMP method 
may use a slurry having a polishing speed ratio of the capping 
pattern to the interlayer insulation layer of more than 10:1. 
0024. The methods according to some example embodi 
ments may include forming an opening to expose a portion of 
the capping pattern having the planarized upper Surface and 
the Substrate adjacent thereto, forming a conductive layer to 
fill the opening and cover the interlayer insulation layer, and 
forming a contact plug by planarizing the conductive layer to 
expose a top (or upper) Surface of the capping pattern having 
the planarized upper Surface. The conductive layer may be 
formed of polysilicon. 
0025. According to an example embodiment, a plurality of 
the gate patterns may be formed on the Substrate. 
0026. The methods according to other example embodi 
ments may include forming an opening to expose at least one 
capping pattern having the planarized upper Surface and the 
Substrate adjacent thereto, forming a conductive layer to fill 
the opening and to cover the interlayer insulation layer, and 
forming a contact plug by planarizing the conductive layer to 
expose the top (or upper) Surface of the capping pattern hav 
ing the planarized upper Surface. According to another 
example embodiment there may be provided a method of 
fabricating a semiconductor device, the method may include 
forming a transistor structure having a planar upper Surface 
on a Substrate, removing an interlayer insulating layer adja 
cent to the transistor structure to form a cavity that exposes a 
portion of the Substrate, and forming a conductive plug in the 
cavity. The transistor structure may include a gate patternand 
a capping pattern. The gate pattern may include, at least, a 
gate insulation layer patternanda gate electrode. The capping 
pattern may include, at least, a mask pattern and spacers. 

BRIEF DESCRIPTION OF THE FIGURES 

0027. The accompanying figures are included to provide a 
further understanding of the Some example embodiments, 
and are incorporated in and constitute a part of this specifi 
cation. The drawings illustrate Some example embodiments 
and, together with the description, serve to explain principles 
of the present invention. In the figures: 
0028 FIGS. 1A through 1E are cross-sectional views 
illustrating a method of forming a contact plug of a typical (or 
conventional) semiconductor device; 
0029 FIGS. 2A and 2B are cross-sectional view and a 
graph, respectively, for describing an etch rate according to 
forms of a capping pattern covering a gate pattern; and 
0030 FIGS. 3A through 3F are cross-sectional views 
illustrating a method of forming a contact plug of a semicon 
ductor device according to an example embodiment. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0031. Various example embodiments will now be 
described more fully with reference to the accompanying 
drawings in which Some example embodiments are shown. 
However, specific structural and functional details disclosed 
herein are merely representative for purposes of describing 
example embodiments. Thus, the invention may be embodied 
in many alternate forms and should not be construed as lim 
ited to only example embodiments set forth herein. Therefore, 
it should be understood that there is no intent to limit example 
embodiments to the particular forms disclosed, but on the 
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contrary, example embodiments are to cover all modifica 
tions, equivalents, and alternatives falling within the scope of 
the invention. 
0032. In the drawings, the thicknesses of layers and 
regions may be exaggerated for clarity, and like numbers refer 
to like elements throughout the description of the figures. 
0033 Although the terms first, second, etc. may be used 
herein to describe various elements, these elements should 
not be limited by these terms. These terms are only used to 
distinguish one element from another. For example, a first 
element could be termed a second element, and, similarly, a 
second element could be termed a first element, without 
departing from the scope of example embodiments. As used 
herein, the term “and/or” includes any and all combinations 
of one or more of the associated listed items. 

0034. It will be understood that, if an element is referred to 
as being “connected' or “coupled to another element, it can 
be directly connected, or coupled, to the other element or 
intervening elements may be present. In contrast, if an ele 
ment is referred to as being “directly connected or “directly 
coupled to another element, there are no intervening ele 
ments present. Other words used to describe the relationship 
between elements should be interpreted in a like fashion (e.g., 
“between versus “directly between.” “adjacent versus 
“directly adjacent.” etc.). 
0035. The terminology used herein is for the purpose of 
describing particular embodiments only and is not intended to 
be limiting of example embodiments. As used herein, the 
singular forms “a”“an” and “the are intended to include the 
plural forms as well, unless the context clearly indicates oth 
erwise. It will be further understood that the terms “com 
prises.” “comprising.” “includes” and/or “including, if used 
herein, specify the presence of stated features, integers, steps, 
operations, elements and/or components, but do not preclude 
the presence or addition of one or more other features, inte 
gers, steps, operations, elements, components and/or groups 
thereof. 
0036 Spatially relative terms (e.g., “beneath.” “below.” 
“lower,” “above.” “upper and the like) may be used herein 
for ease of description to describe one element or a relation 
ship between a feature and another element or feature as 
illustrated in the figures. It will be understood that the spa 
tially relative terms are intended to encompass different ori 
entations of the device in use or operation in addition to the 
orientation depicted in the figures. For example, if the device 
in the figures is turned over, elements described as “below' or 
“beneath other elements or features would then be oriented 
“above' the other elements or features. Thus, for example, the 
term “below’ can encompass both an orientation that is 
above, as well as, below. The device may be otherwise ori 
ented (rotated 90 degrees or viewed or referenced at other 
orientations) and the spatially relative descriptors used herein 
should be interpreted accordingly. 
0037 Example embodiments are described herein with 
reference to cross-sectional illustrations that are schematic 
illustrations of idealized embodiments (and intermediate 
structures). As such, variations from the shapes of the illus 
trations as a result, for example, of manufacturing techniques 
and/or tolerances, may be expected. Thus, example embodi 
ments should not be construed as limited to the particular 
shapes of regions illustrated herein but may include devia 
tions in shapes that result, for example, from manufacturing. 
For example, an implanted region illustrated as a rectangle 
may have rounded or curved features and/or a gradient (e.g., 
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of implant concentration) at its edges rather than an abrupt 
change from an implanted region to a non-implanted region. 
Likewise, a buried region formed by implantation may result 
in some implantation in the region between the buried region 
and the Surface through which the implantation may take 
place. Thus, the regions illustrated in the figures are sche 
matic in nature and their shapes do not necessarily illustrate 
the actual shape of a region of a device and do not limit the 
Scope. 
0038. It should also be noted that in some alternative 
implementations, the functions/acts noted may occur out of 
the order noted in the figures. For example, two figures shown 
in Succession may in fact be executed Substantially concur 
rently or may sometimes be executed in the reverse order, 
depending upon the functionality/acts involved. 
0039. Unless otherwise defined, all terms (including tech 
nical and Scientific terms) used herein have the same meaning 
as commonly understood by one of ordinary skill in the art to 
which example embodiments belong. It will be further under 
stood that terms, such as those defined 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 will not be interpreted in an idealized or overly formal 
sense unless expressly so defined herein. 
0040. In order to more specifically describe example 
embodiments, various aspects will be described in detail with 
reference to the attached drawings. However, the present 
invention is not limited to example embodiments described. 
0041. Example embodiments disclosed herein relate to 
methods of fabricating a semiconductor device, and more 
particularly, to methods of fabricating a contact plug of a 
semiconductor device. 
0042 FIGS. 1A through 1E are cross-sectional views 
illustrating a method of forming a contact plug of a typical (or 
conventional) semiconductor device. 
0043 Referring to FIG. 1A, after forming a device isola 
tion layer 12 to define (or delimit) an active region in a 
semiconductor Substrate 10, a gate insulation layer, a gate 
conductive layer and a mask layer (not shown) are formed on 
the semiconductor substrate 10. 
0044 First, the mask layer is patterned to form a mask 
pattern 18. A photoresist pattern (not shown), which is used 
for an etch mask to pattern the mask layer, may be simulta 
neously removed using an etch material. Accordingly, an 
upper Surface of the mask pattern 18 may have a circular, or 
arcuate, cross-sectional profile. The upper Surface of the mask 
pattern 18 can be concave with respect to an upper Surface of 
the Substrate 10. During an etch process using the mask 
pattern 18 as an etch mask, the gate conductive layer and the 
gate insulation layer are patterned to form a gate pattern 17. 
As illustrated in the drawings, a plurality of the gate patterns 
17 may be formed. The gate pattern 17 includes a gate insu 
lation layer pattern 14 and a gate electrode 16. 
0045 Although not illustrated in the drawings, impurity 
regions may be formed in the active region of the semicon 
ductor substrate 10 adjacent to the gate pattern 17. The impu 
rity regions may be a source/drain regions. The impurity 
regions may be formed by performing an ion implantation 
process that uses the gate pattern 17 including the mask 
pattern as an ion implantation mask. 
0046. A spacer layer (not shown) may be formed on the 
semiconductor substrate 10 where the gate pattern 17 and the 
mask pattern 18 are formed. The spacer layer may be aniso 
tropically etched to form a spacer 20 on both sides of the gate 
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pattern 17 and the mask pattern 18. The mask pattern 18 and 
the spacer 20 may constitute one capping pattern 22. Accord 
ingly, the capping pattern 22 may be provided to cover the top 
(or upper) surface and sidewalls of the gate pattern 17. 
0047. By forming and planarizing an insulation layer that 
covers the semiconductor Substrate 10 having the capping 
pattern 22, an interlayer insulation layer 24 may be formed 
that exposes the top (or upper Surface) of the capping pattern 
22. 

0048 Referring to FIGS. 1B and 1C, a photoresist pattern 
26 is formed on the interlayer insulation layer 24 of the 
semiconductor Substrate 10 including the capping pattern 22. 
The photoresist pattern 26 may expose a portion of the cap 
ping pattern 22 and the interlayer insulation layer 24 adjacent 
thereto. If a plurality of the gate patterns 17 are formed, the 
photoresist pattern 26 may be formed to expose the top (or 
upper Surface) of the capping patterns 22 and the interlayer 
insulation layer 24 therebetween. 
0049. After etching the exposed interlayer insulation layer 
24 using the photoresist pattern 26 as an etch mask, an open 
ing 27 may be formed to expose a top portion (or the upper 
Surface) of the capping pattern 22 and a portion of the semi 
conductor substrate 10 adjacent thereto over the active region. 
Over the device isolation region, the opening may expose a 
portion of the capping pattern adjacent to the active region. 
Accordingly, the impurity regions (not shown) formed in the 
active region of the semiconductor substrate 10 may be 
exposed. 
0050 Referring to FIGS. 1D and 1E, after removing the 
photoresist pattern 26, a conductive layer 28 that covers the 
interlayer insulation layer 24 and fills the opening 27 may be 
formed. A contact plug 28a may beformed by planarizing the 
conductive layer 28 such that the top (or upper surface) of the 
capping pattern 22 is exposed. If the plurality of gate patterns 
17 are formed, planarizing the conductive layer 28 may sepa 
rate the plurality of contact plugs 28a from each other. 
0051 FIGS. 2A and 2B are cross-sectional view and a 
graph, respectively, for describing an etch rate according to 
the formation of a capping pattern covering a gate pattern. 
0052 Referring to FIGS. 2A and 2B, it shows that an etch 
rate of a capping pattern 22 may vary according to a top (or 
upper Surface) profile of the capping pattern 22 that covers the 
gate pattern 17 formed of a gate insulation layer pattern 14 
and a gate electrode 16. Namely, the etch rate may vary 
according to an anglea of a shoulder portion between the top 
(or upper Surface) and sidewalls of the capping pattern 22. 
That is, FIG. 2B shows that an etch rate may vary according 
to the angle a between an extension line extending perpen 
dicular to an upper Surface of the gate electrode 16 and a 
tangent line contacting the shoulder portion of the capping 
pattern 22. 
0053 As the anglea at the shoulder portion of the capping 
pattern 22 becomes Smaller, an etch rate rapidly increases. If 
the angle a is approximately 40° to 50°, the etching rate 
reaches the maximum value. At the angle a is below 40°, the 
etch rate is significantly reduced. If the angle a is below 40°, 
the thickness of the shoulder portion is reduced. Accordingly, 
if the upper Surface of the capping pattern 22 is Substantially 
flat such that the anglea of the shoulder portion is 90°, an etch 
rate of the capping pattern 22 decreases and a reduction in the 
thickness of the shoulder portion of the capping pattern 22 can 
be reduced. Consequently, even if a design rule is reduced as 
a semiconductor device becomes more highly integrated, a 
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Sufficient shoulder margin can be achieved during a manu 
facturing process of a semiconductor device. 
0054 FIGS. 3A through 3F are cross-sectional views 
illustrating a method of forming a contact plug of a semicon 
ductor device according to an example embodiment. 
0055 Referring to FIG. 3A, a gate insulation layer, a gate 
conductive layer, and a mask layer (not shown) are formed on 
a semiconductor substrate 110 after forming a device isola 
tion layer 112 to define (or delimit) an active region in the 
semiconductor Substrate 110. The gate insulation layer may 
be a silicon oxide layer formed using athermal oxide process. 
The gate conductive layer may beformed of polysilicon. The 
mask layer may be formed of a silicon nitride. 
0056. A mask pattern 118 is formed by patterning the 
mask layer. A photoresist pattern (not shown), which is used 
as an etch mask for patterning the mask layer, may be simul 
taneously removed by an etch material. An upper Surface of 
the mask pattern 118 can have a circular, or arcuate, cross 
sectional profile. The upper surface of the mask pattern 118 
can be concave with respect to an upper Surface of the Sub 
strate 110. By performing an etch process using the mask 
pattern 118 as an etch mask, the gate conductive layer and the 
gate insulation layer are patterned to form a gate pattern 117. 
As illustrated in the drawings, a plurality of gate patterns 117 
may be formed on the substrate 110. Each of the gate patterns 
117 includes a gate insulation layer pattern 114 and a gate 
electrode 116. 
0057 Although not illustrated in the drawings, impurity 
regions may be formed in the active region of the semicon 
ductor substrate 110 adjacent to the gate patterns 117. The 
impurity regions may be source/drain regions. The impurity 
regions may be formed by performing an ion implantation 
process that uses the gate pattern 117 and the mask pattern 
118 as an ion implantation mask. 
0058. A spacer layer (not shown) is formed on the semi 
conductor substrate 110 where the gate pattern 117 and the 
mask pattern 118 are formed. The spacer layer may beformed 
of a silicon nitride. The spacer layer is anisotropically etched 
to form spacers 120 at both sides of the sidewalls of the gate 
pattern 117 and the mask pattern 118. Because the mask 
pattern 118 and the spacer 120 are formed of the same mate 
rial (e.g., a silicon nitride), a capping pattern 122 is formed 
that includes the mask pattern 118 and the spacer 120. 
Accordingly, the capping pattern 122 covers the top (or upper 
surface) and sidewalls of the gate pattern 117. 
0059 An insulation layer (not shown), which covers the 
semiconductor Substrate 110 having the capping pattern 122, 
is formed and planarized to forman interlayer insulation layer 
124 that exposes the top (or upper Surface) of the capping 
pattern 122. The interlayer insulation layer 124 may be 
formed of a silicon oxide. 
0060 Referring to FIG.3B, the interlayer insulation layer 
124 and the capping pattern 122 are polished by a chemical 
mechanical polishing (CMP) method to form a capping pat 
tern 122a having the planarized upper Surface. As illustrated 
in FIGS. 2A and 2B, because the angle of a shoulder portion 
of the capping pattern 122a having the planarized upper Sur 
face is maintained at 90°, the etch rate of the capping pattern 
122a having the planarized upper Surface decreases and a 
reduction in the thickness of the shoulder portion of the cap 
ping pattern 122a having the planarized upper Surface is 
reduced. 
0061 The CMP method may use a slurry having a polish 
ing speed greater than, or equal to, about 200 A/min with 
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respect to the capping pattern 122. The CMP method may use 
a slurry having polishing speed greater than, or equal to, 
approximately 500 A/min with respect to the capping pattern 
122. The CMP method may use a slurry having polishing 
speed less than, or equal to, about 100 A/min with respect to 
the interlayer insulation layer 124. The CMP method may use 
slurry having polishing speedless than, or equal to, 50 A/min 
with respect to the interlayer insulation layer 124. 
0062. The CMP method may use a slurry wherein a pol 
ishing speed ratio of the capping pattern 122 to the interlayer 
insulation layer 124 may be more than 2:1. The CMP method 
may use a slurry wherein a polishing speed ratio of the cap 
ping pattern 122 to the interlayer insulation layer 124 maybe 
more than 10:1. 
0063. Because the capping pattern 122 and the interlayer 
insulation layer 124 are planarized by the CMP method using 
a slurry having a high etch selectivity with respect to the 
capping pattern 122, the capping pattern 122a may beformed 
with a planarized upper Surface. 
0064 Referring to FIGS. 3C and 3D, a photoresist pattern 
126 is formed on the interlayer insulation layer 124 of the 
semiconductor Substrate 110 including the capping pattern 
122a with the planarized upper surface. The photoresist pat 
tern 126 may expose a portion of the capping pattern 122a 
having the planarized upper Surface and the interlayer insu 
lation layer 124 adjacent thereto. Ifa plurality of gate patterns 
117 are formed on the substrate 110, the photoresist pattern 
126 may expose the upper Surface of the capping patterns 
122a and the interlayer insulation layer 124 formed between 
them. 
0065. By performing an etch process using the photoresist 
pattern 126 as an etch mask, an opening 127 may be formed 
to expose the top portion (or upper Surface) of the capping 
pattern 122a having the planarized upper Surface and the 
semiconductor Substrate 110 adjacent thereto. Accordingly, 
impurity regions formed in the active region of the semicon 
ductor substrate 110 may be exposed. During an etch process 
for forming the opening 127, the thickness of the top portion 
(or upper Surface) of the capping pattern 122a having the 
planarized upper Surface exposed by the photoresist pattern 
126 may become thinner. According to another example 
embodiment, the thickness of the top portion (or upper Sur 
face) of the capping pattern 122a having the planarized upper 
surface covered by the photoresist pattern 126 may be main 
tained (or remain the same). 
0.066 Prior to forming the photoresist pattern 126, a buffer 
oxide layer (not shown) may be formed on the interlayer 
insulation layer 124 of the semiconductor substrate 110 
including the capping pattern 122a. The buffer oxide layer 
may beformed of a siliconoxide. In order to form the opening 
127, the buffer oxide layer may be used to obtain a process 
margin of an etch process. 
0067. Referring to FIGS. 3E and 3F, after removing the 
photoresist pattern 126, a conductive layer 128 is formed. The 
conductive layer 128 may fill the opening 127 and may cover 
the interlayer insulation layer 124. The conductive layer 128 
may be formed of polysilicon. 
0068 A contact plug 128a is formed by planarizing the 
conductive layer 128 to expose the top (or upper surface) of 
the capping pattern 122a. The conductive layer 128 may be 
planarized by performing a CMP method. If the plurality of 
gate patterns 117 are formed on the substrate 110, planarizing 
the conductive layer 128 separates the contact plugs 128a 
from each other. 
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0069. By forming a contact plug of a semiconductor 
device using a method according to an example embodiment 
during the formation of an opening used for the contact plug, 
the amount of a capping pattern lost by insufficient etch 
selectivity between an interlayer insulation layer and the cap 
ping pattern can be reduced. The thickness of a shoulder 
portion between the upper Surface and sidewall of the capping 
pattern can be not reduced. Accordingly, there is provided a 
method of fabricating a semiconductor device capable of 
reducing leakage occurrence between a gate electrode and a 
contact plug. Additionally, even if the shoulder portion of the 
capping pattern is further etched by over etching, the gate 
electrode may not be exposed during a later process for form 
ing an additional plug connected to the contact plug. Accord 
ingly, there is provided a method of fabricating a semicon 
ductor device capable of increasing semiconductor device 
reliability. 
0070 Furthermore, a dishing phenomenon, which occurs 
during a CMP process for forming a contact plug, can be 
reduced because the top portion (or upper Surface) of a cap 
ping pattern has a planarized profile. Accordingly, there is 
provided a method of fabricating a semiconductor device 
capable of reducing profile distribution of the contact plug. 
Consequently, a desired margin for the CMP process can be 
obtained. 
0071. As mentioned above, according to an example 
embodiment, because the top portion (or upper Surface) of the 
capping pattern covering the gate pattern has a planarized 
profile, the shoulder margin of the capping pattern may be 
increase. Accordingly, a more reliable semiconductor device 
is provided. 
0072 Furthermore, because the top portion (or upper sur 
face) of the capping pattern covering the gate pattern has a 
planarized profile, a desired margin of a CMP process can be 
obtained. Accordingly, a more reliable semiconductor device 
is provided. 
0073. The above-disclosed subject matter is to be consid 
ered illustrative, and not restrictive, and the appended claims 
are intended to cover all Such modifications, enhancements, 
and other embodiments, which fall within the true spirit and 
Scope of the present invention. Thus, to the maximum extent 
allowed by law, the scope of the present invention is to be 
determined by the broadest permissible interpretation of the 
following claims and their equivalents, and shall not be 
restricted or limited by the foregoing detailed description. 
What is claimed is: 
1. A method of fabricating a semiconductor device, the 

method comprising: 
forming a gate pattern on a Substrate; 
forming a capping pattern that covers an upper Surface and 

sidewalls of the gate pattern; 
forming an interlayer insulation layer on the Substrate Such 

that an upper Surface of the capping pattern is exposed; 
and 

removingaportion of the capping patternand the interlayer 
insulation layer Such that the upper Surface of the cap 
ping pattern is planarized. 

2. The method of claim 1, wherein the forming a gate 
pattern comprises: 

sequentially forming a gate insulation layer and a gate 
conductive layer on the Substrate; and 

forming a gate insulation layer pattern and a gate electrode 
by sequentially patterning the gate conductive layer and 
the gate insulation layer. 
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3. The method of claim 1, wherein the forming a capping 
pattern comprises: 

forming a mask pattern that covers the upper Surface of the 
gate pattern; and 

forming a spacer that covers the sidewalls of the gate pat 
tern. 

4. The method of claim 3, wherein the forming a mask 
pattern comprises: 

sequentially forming a gate insulation layer, a gate conduc 
tive layer, and a mask layer on the Substrate; and 

forming a gate insulation layer pattern, a gate electrode and 
the mask pattern by sequentially patterning the mask 
layer, the gate conductive layer and the gate insulation 
layer. 

5. The method of claim 3, wherein the forming a spacer 
comprises: 

forming a spacer layer on the Substrate having the mask 
pattern; and 

etching the spacer layer using an anisotropic etch process. 
6. The method of claim3, wherein the mask patternand the 

spacer are formed of a same material. 
7. The method of claim 6, wherein the same material 

includes silicon nitride. 
8. The method of claim 1, wherein the interlayer insulation 

layer is formed of a silicon oxide. 
9. The method of claim 1, wherein the removing a portion 

of the capping pattern and the interlayer insulation layer 
includes performing a chemical mechanical polishing (CMP) 
method, the CMP method uses a slurry having a polishing 
speed greater than, or equal to, approximately 200 A/min 
with respect to the capping pattern. 

10. The method of claim 1, wherein the removing a portion 
of the capping pattern and the interlayer insulation layer 
includes performing a chemical mechanical polishing (CMP) 
method, the CMP method uses a slurry having a polishing 
speed greater than, or equal to, approximately 500 A/min 
with respect to the capping pattern. 

11. The method of claim 1, wherein the removing a portion 
of the capping pattern and the interlayer insulation layer 
includes performing a chemical mechanical polishing (CMP) 
method, the CMP method uses a slurry having a polishing 
speed less than, or equal to, approximately 100 A/min with 
respect to the interlayer insulation layer. 

12. The method of claim 1, wherein the removing a portion 
of the capping pattern and the interlayer insulation layer 
includes performing a chemical mechanical polishing (CMP) 
method, the CMP method uses a slurry having a polishing 
speed less than, or equal to, approximately 50 A/min with 
respect to the interlayer insulation layer. 

13. The method of claim 1, wherein the removing a portion 
of the capping pattern and the interlayer insulation layer 
includes performing a chemical mechanical polishing (CMP) 
method, the CMP method uses a slurry having a polishing 
speed ratio of the capping pattern to the interlayer insulation 
layer of more than 2:1. 

14. The method of claim 13, wherein the polishing speed 
ratio of the capping pattern to the interlayer insulation layer is 
more than 10:1. 

15. The method of claim 1, further comprising: 
forming an opening exposes the Substrate adjacent to the 

capping pattern; 
forming a conductive layer that fills the opening; and 
forming a contact plug by planarizing the conductive layer. 
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16. The method of claim 1, wherein the conductive layer is 
formed of polysilicon. 

17. The method of claim 1, wherein a plurality of gate 
patterns are formed on the Substrate. 

18. The method of claim 17, further comprising: 
forming an opening exposes the Substrate adjacent to at 

least one capping pattern, after the removing a portion of 
the capping pattern and the interlayer insulation layer, 

forming a conductive layer that fills the opening and covers 
the exposed capping pattern; and 
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forming a contact plug by planarizing the conductive layer. 
19. A method of fabricating a semiconductor device, the 

method comprising: 
forming a transistor structure having a planarupper Surface 

on a Substrate; 
removing an interlayer insulating layer adjacent to the 

transistor structure to form a cavity that exposes a por 
tion of the substrate; and 

forming a conductive plug in the cavity. 
c c c c c 
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