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(57) ABSTRACT 

Disclosed is a method of fabricating a semiconductor device 
including a multi-gate transistor. The method of fabricating 
a semiconductor device includes providing a semiconductor 
device having a number of active patterns which extend in 
a first direction, are separated by an isolation layer, and 
covered with a first insulating layer, forming a first groove 
by etching the isolation layer located between the active 
patterns adjacent to each other in the first direction; burying 
the first groove with a passivation layer, forming a second 
groove exposing at least a portion of both sides of the active 
patterns by etching the isolation layer located between the 
active patterns in a second direction intersecting the first 
direction; removing the passivation layer in the first groove; 
and forming a gate line filling at least a portion of the second 
groove and extending in the second direction. 
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METHOD OF FABRICATING SEMCONDUCTOR 
DEVICE 

CROSS REFERENCE TO RELATED FOREIGN 
APPLICATIONS 

0001. This application claims priority from Korean 
Patent Application No. 10-2006-0078381 filed on Aug. 18, 
2006 in the Korean Intellectual Property Office, the contents 
of which are herein incorporated by reference in their 
entirety. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present disclosure is directed to a method of 
fabricating a semiconductor device, and more particularly, to 
a method of fabricating a semiconductor device including a 
multi-gate transistor. 
0004 2. Description of the Related Art 
0005 The size of a semiconductor device has become 
Smaller due to high performance and high integration of the 
Metal-Oxide-Semiconductor Field Effect Transistor (MOS 
FET). As the semiconductor device becomes Smaller, a gate 
length is reduced. It is difficult for a traditional planar single 
gate transistor to overcome performance. degradation of the 
device due to the reduction of gate length. A multi-gate 
transistor has been studied as an alternative to the planar 
single-gate transistor. 
0006 The multi-gate transistor uses an upper surface and 
both sides as a channel, while the planar single-gate tran 
sistor uses one Surface as a channel. Therefore, the multi 
gate transistor can improve current by more than three times 
compared to the existing transistors. 
0007. In order to form a multi-gate transistor, active 
patterns having three-dimensional structure should be pro 
vided. An active pattern having a three-dimensional struc 
ture may be achieved by removing an isolation layer formed 
in the vicinity thereof. However, in the case where the active 
pattern are separated due to the misalignment of mask 
patterns when the isolation layer between the active patterns 
is removed, undesired channels may be formed in the 
separated active patterns. For this reason, the reliability of 
the device may be reduced, and the semiconductor device 
may have malfunctioned. 

SUMMARY OF THE INVENTION 

0008. A method of fabricating a semiconductor device 
according to one aspect of the invention includes providing 
a semiconductor device having a number of active patterns 
which extend in a first direction, are separated by an 
isolation layer, and covered with a first insulating layer, 
forming a first groove by etching the isolation layer located 
between the active patterns adjacent to each other in the first 
direction; burying the first groove with a passivation layer; 
forming a second groove exposing at least a portion of both 
sides of the active patterns by etching the isolation layer 
located between the active patterns in a second direction 
intersecting the first direction; removing the passivation 
layer in the first groove; and forming a gate line filling at 
least a portion of the second groove and extending in the 
second direction. 
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0009. A method of fabricating a semiconductor device 
according to another aspect of the invention includes pro 
viding a semiconductor device having a number of active 
patterns which extend in a first direction, are separated by an 
isolation layer, and covered with a first insulating layer, 
forming a first groove by etching the isolation layer located 
between the active patterns adjacent to each other in the first 
direction; burying the first groove with a first passivation 
layer and a second passivation layer; forming a second 
groove exposing at least a portion of both sides of the active 
patterns by etching the isolating layer located between the 
active patterns in a second direction intersecting the first 
direction; removing the first passivation layer and the second 
passivation layer in the first groove; and forming a gate line 
filling at least a portion of the second groove and extending 
in the second direction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010. The above and other features will become more 
apparent by describing in detail exemplary embodiments 
thereof with reference to the attached drawings. 
0011 FIGS. 1 to 4, 5A, 6A, 7A, 8A, 9A, 10A, 11A, and 
12A are perspective views illustrating a method of fabricat 
ing a semiconductor device according to one embodiment of 
the invention. 

0012 FIGS. 5B, 6B, 7B, 8B, 9B, 10B, 11B, and 12B are 
cross-sectional views taken along line B-B' of FIGS.5A, 6A, 
7A 8A, 9A, 10A, 11A, and 12A, respectively. 
0013 FIGS. 5C, 6C, 7C, 8C, 9C, 10C, 11C, and 12C are 
cross-sectional views taken along line C-C of FIGS.5A, 6A, 
7A, 8A, 9A, 10A, 11A, and 12A, respectively. 
0014 FIGS. 13A, 14A, 15A, 16A, 17A, and 18A are 
perspective views illustrating a method of fabricating a 
semiconductor device according to another embodiment of 
the invention. 

0.015 FIGS. 13B, 14B, 15B, 16B, 17B, and 18B are 
cross-sectional views taken along line B-B' of FIGS. 13A, 
14A, 15A, 16A, 17A, and 18A, respectively. 
0016 FIGS. 13C, 14C, 15C, 16C, 17C, and 18C are 
cross-sectional views taken along line C-C of FIGS. 13A, 
14A, 15A, 16A, 17A and 18A, respectively. 

DESCRIPTION OF THE EXEMPLARY 
EMBODIMENTS 

0017 Features of the present invention and methods of 
accomplishing the same may be understood more readily by 
reference to the following detailed description of exemplary 
embodiments and the accompanying drawings. The present 
invention may, however, be embodied in many different 
forms and should not be construed as being limited to the 
embodiments set forth herein. Rather, these embodiments 
are provided so that this disclosure will be thorough and 
complete and will fully convey the concept of the invention 
to those skilled in the art, and the present invention will only 
be defined by the appended claims. Like reference numerals 
refer to like elements throughout the specifications and 
drawing figures. 

0018. A method of fabricating a semiconductor device 
according to the invention may be applied to the semicon 
ductor device including a highly integrated semiconductor 
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device such as DRAM, SRAM, flash memory, FRAM, 
MRAM, PRAM or the like, an MEMS (Micro Electro 
Mechanical System) device, an optoelectronic device, a 
display device, a processor such as CPU, DSP or the like. 
0019. A method of fabricating a semiconductor device 
including a multi-gate transistor having an active pattern on 
which a channel is formed between two or more surfaces or 
between three surfaces will be disclosed herein below. 

0020 FIGS. 1 to 12C are perspective views and cross 
sectional views illustrating a method of fabricating a semi 
conductor device according to one embodiment of the 
invention. FIGS. 1 to 4, 5A, 6A, 7A, 8A, 9A, 10A, 11A and 
12A are perspective views illustrating a method of fabricat 
ing a semiconductor device according to one embodiment of 
the invention. FIGS. 5B, 6B, 7B, 8B, 9B, 10B, 11B and 12B 
are cross-sectional views taken along line B-B' of FIGS.5A, 
6A, 7A, 8A, 9A, 10A, 11A and 12A, respectively. 
0021 FIGS. 5C, 6C, 7C, 8C, 9C, 10C, 11C and 12C are 
cross-sectional views taken along line C-C of FIGS.5A, 6A, 
7A, 8A, 9A, 10A, 11A, and 12A, respectively. 
0022 Referring to FIG. 1, first of all, a first insulating 
layer 120 is formed on a semiconductor substrate 110. For 
example, a silicon Substrate may be used as the semicon 
ductor substrate 110. The silicon substrate includes a p-type 
silicon layer or an n-type silicon layer. The silicon Substrate 
may further include germanium other than silicon. 
0023 The first insulating layer 120 serves as a hard disk 
during a patterning of the semiconductor Substrate 110 and 
prevents the surface of the semiconductor substrate 110 from 
being exposed to chemical Substances during the following 
processes. An example of constituent materials of the first 
insulating layer 120 includes silicon nitride (SiN). For 
example, the first insulating layer 120 may be formed by 
LPCVD (Low Pressure Chemical Vapor Deposition), 
PECVD (Plasma Enhanced Chemical Vapor Deposition), or 
the like, but it is not limited to the above methods. In 
addition, even though not shown in drawings, a buffer layer 
(not shown) formed of an oxide layer (not shown) may be 
interposed between the semiconductor 110 and the first 
insulating layer 120. 
0024 Referring to FIG. 2, a photoresist layer is formed 
on the first insulating layer 120. For example, the photoresist 
layer may be formed by a slit coating, a spin coating, or the 
like. Next, a photoresist pattern 200 defining an active 
pattern is formed by conducting an exposure and developing 
process using a photomask (not shown) defining the active 
pattern. 

0025 Referring to FIG. 3, the first insulating layer 120 is 
etched by using the photoresist pattern 200 as an etching 
mask. The surface of the semiconductor substrate 110 is 
exposed at a region where the first insulating layer 122 is 
removed. Subsequently, the semiconductor substrate 110 is 
etched by using the photoresist pattern 200 and/or the first 
insulating layer 120 as the etching mask. A trench 116 is 
formed by the etching of the semiconductor substrate 110. 
and a number of active patterns 114, which are surrounded 
by the trench 116 and extend in a first direction X, are formed 
at the same time. Next, the photoresist pattern 200 is 
removed. The photoresist pattern 200 may be removed right 
after the etching of the first insulation layer 120. In this case, 
the etching of the semiconductor 110 may be performed by 
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using the first insulating layer 122 as the etching mask. 
Numeral reference 112 in FIG. 3 indicates a region of the 
semiconductor substrate at which the active patterns 114 are 
not formed. 

0026 Referring to FIG. 4, an element separation insulat 
ing layer 130 filling the trench 116 is formed. The element 
separation insulating layer 130 is formed so as to have a 
margin for completely filling the trench 116. To be more 
specific, the element separation insulating layer 130 is 
formed so as to completely fill the trench 116 and to protrude 
from the surface of the first insulating layer 122 formed on 
the active pattern 114. The element separation insulating 
layer 130 to be formed may be an HDP (High Density 
Plasma) oxide layer deposited by using, for example, HDP. 
Even though not shown in drawings, an oxide layer (not 
shown) and/or nitride layer liner (not shown) may be further 
formed inside the trench 116 before the formation of the 
element separation insulating layer 130 so as to protect the 
active pattern 114. 

0027. Referring to FIGS. 5A to 5C, the surface of the 
protruding element separation insulating layer 130 is pol 
ished to be planarized. For example, the element separation 
insulating layer 130 is polished by a CMP (Chemical 
Mechanical Polishing) process using a polishing slurry. The 
first insulating layer 122 may act as a polishing stop layer, 
and an upper Surface of the first insulating layer 122 may be 
exposed after the polishing. As a result of the polishing, an 
isolation layer 132 is completed. As can be seen from FIGS. 
5A to 5C, the upper surface of the isolation layer 132 has a 
plane Substantially congruent to the upper Surface of the first 
insulating layer 122. The upper Surface of the first insulating 
layer 122 is formed so as to extend in parallel to each other 
in the first direction X, and a number of the first insulating 
layers 122 are separated from each other on the respective 
extended line. Here, the upper surface of the first insulating 
layer 122 has a shape Substantially congruent to the lower 
active pattern 114. 

0028 Referring to FIGS. 6A to 6C, a first groove 134 is 
formed by etching the isolation layer 132, located between 
the neighboring active patterns 114 along the extended line 
in the first direction X separated from each other. At this 
time, the photoresist pattern (not shown) is used as the 
etching mask. The upper surface of the isolation layer 132, 
located between the active patterns 114 in the first direction 
X, may be entirely etched. Therefore, a width w of the first 
groove 134 in the first direction X is equal to the distance 
between the active patterns 114 in the first direction X. A 
width w of the first groove 134 in a second direction y is 
equal to a width of the active pattern 114 in the second 
direction y or is wider than the width of the active pattern 
114 in the second direction y so as to have a predetermined 
margin. That is, the upper surface of the isolation layer 132, 
which is located between the active patterns 114 in the first 
direction X, may be entirely etched. 

0029. A depth d of the first groove 134 may be formed 
so as to be smaller than a thickness d of the first insulating 
layer 122. If the depth d of the first groove 134 is less than 
the thickness d of the first insulating layer 122, as can be 
seen from FIGS. 6B and 6C, the active pattern 114 is not 
exposed to the first groove 134. That is, a side wall of the 
first groove 134 is provided with the first insulating layer 
122 and the isolation layer 132, and a bottom of the first 
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groove 134 is provided with the isolation layer 132. By the 
above-described configuration, the active pattern 114 is 
protected during the following removal process. 

0030) Referring to FIGS. 7A to 7C, a passivation material 
layer 150 is formed on the resultant formed by the above 
described process. The passivation material layer 150 fills at 
least a portion of the first groove 134 so as not to expose the 
isolation layer 132 forming the bottom of the first groove 
134. Considering the process margin, the first groove 134 
may be entirely filled. In this case, the upper surface of the 
semiconductor substrate 112 and 114 may be entirely cov 
ered with the passivation material layer 150. 
0031 Examples of materials forming the passivation 
material layer 150 include polysilicon, silicon nitride, silicon 
oxynitride or the like. The polysilicon may be used. 

0032 Referring to FIGS. 8A to 8C, the surface of the 
passivation material layer 150 is polished to be planarized. 
The polishing of the passivation material layer 150 is 
accomplished by, for example, a chemical mechanical pol 
ishing process. The polishing stop layer may be the isolation 
layer 132 and/or the first insulating layer 122. That is, a 
slurry is applied to the chemical mechanical polishing 
process. The slurry has a polishing rate of the passivation 
material layer 150 greater than that of the isolation layer 132 
and the first insulating layer 122. The passivation material 
layer may be polished to be planarized until the isolation 
layer 132 and the first insulating layer 122 are completely 
exposed. As a result of the planarization, a passivation layer 
152 is buried in the first groove 134. 
0033 Referring to FIGS. 9A to 9C, a photoresist pattern 
300 having an exposed region is formed in the second 
direction y intersecting the first direction X. The photoresist 
pattern 300 may be formed by the exposure and developing 
processes using the photomask (not shown). At this time, a 
process for correctly aligning the photomask is accompa 
nied. Since the photoresist pattern 300 to be transferred 
forms a line pattern, the photomask has only to be aligned 
in one direction. That is, since the photomask is aligned on 
the one dimensional line, the alignment of the photomask is 
easier than two-dimensional alignment. 
0034. The exposed region of the photoresist pattern 300 
includes the region where the passivation layer 152 buried in 
the first groove 134 is formed, and at least a portion of the 
exposed region is overlapped with the region in which a 
following gate line is formed For example, the shape of the 
exposed region may be substantially congruent to that of the 
region in which the gas line is formed. 
0035) Referring to FIGS. 10A to 10C, the exposed region 
of the photoresist pattern 300 is etched by using the photo 
resist pattern 300 as the etching mask. The upper surface of 
the semiconductor substrates 112 and 114 exposed by the 
exposed region of the photoresist pattern 300 includes the 
first insulating layer 122, the isolation layer 132 located 
between the active patterns 114 arranged in parallel to each 
other, and the passivation layer 152 buried in the first groove 
134. Here, the first insulating layer 122 is formed of for 
example, a silicon nitride, and the passivation layer 152 is 
formed of for example, silicon-based materials. In addition, 
the isolation layer 132 is formed of, for example, and HDP 
oxide layer. Therefore, in the case of conducting a dry 
etching and wet etching by using an etching gas or etchant 
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having an etching rate of the oxide layer greater than the 
etching rate of the silicon nitride and the silicon-based 
material, only the isolation layer 132 of the exposed region 
may be selectively etched. In addition, since the passivation 
layer 152 is not etched, even though a portion of the 
photomask (not shown) may be misaligned, the side of the 
active pattern 114 located at both sides of the passivation 
layer 152 is not exposed. Accordingly, the formation of an 
undesired channel in the active patterns 114 adjacent to each 
other due to the side exposure of the active patterns 114 
located at both sides of the passivation layer 152 after a gate 
line forming process may be prevented. That is, the active 
patterns 114 may be completely separated. 

0036) The ratio between the etching rate of the etching 
gas or etchant of the oxide layer and the etching rate of the 
etching gas or etchant of the silicon-based material is, for 
example, 5:1 or more, and may be 10:1 or more. 
0037. A second groove 136 is formed by selectively 
etching the isolation layer 132 located between the active 
patterns 114 in the second direction y. For example, the 
depth d of the second groove 136 may be larger than the 
thickness d of the first insulating layer 122. Accordingly, at 
least a portion of both sides of the active patterns 114 
adjacent to each other is exposed by the second groove 136. 
That is, the side wall of the second groove 136 may be 
formed with the side surface of the isolation layer 132 and 
the active patterns 114. 

0038. In addition, one side of the second groove 136 may 
be formed with the upper passivation layer 152 and the 
lower isolation layer 132 in the passivation layer 152 
forming region. 

0039) Next, the photoresist pattern 300 is removed. 
0040. Referring to FIGS. 11A to 11C, the passivation 
layer 152 buried in the first groove 134 is removed. The 
upper surface of the semiconductor substrates 112 and 114 
includes the first insulation layer 122, the isolation layer 
132, and the passivation layer 152. When the first insulating 
layer 122 is formed on the silicon nitride, the isolation layer 
132 is formed on the HDP oxide layer, and the passivation 
layer 152 is formed of the polysilicon. If the etching gas or 
etchant having a relatively greater etching rate to the poly 
silicon is used, it is possible to selectively remove only the 
passivation layer 152. However, the upper surface of the 
active pattern 114 is protected by the first insulating layer 
122, but at least a portion of both sides of the active pattern 
114 is exposed through the second groove 136. Therefore, in 
order to prevent an attack of the active pattern 114 in the 
step, an anisotropic etching may be applied. The anisotropic 
etching may be performed by the dry etching process. 

0041 When the material forming the passivation layer 
152 and the active pattern 114 are different from each other, 
if the etching selectively of the etching gas or etchant to the 
passivation layer 152 and the active pattern 114 is different, 
the etching gas or etchant having the greater etching selec 
tively may be used in the dry etching process and the wet 
etching process. In this case, an isotropic etching as well as 
the anisotropic etching may be applied. For example, when 
the passivation layer 152 is formed of polysilicon containing 
the impurity, and the active pattern 114 is formed of silicon, 
the etching may be conducted by using the etching gas or 
etchant having the greater etching selectivity to the passi 
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vation layer 152 and the active pattern 114. The polysilicon 
containing the impurity may be formed in Such a manner that 
the impurity is added to the polysilicon by depositing the 
polysilicon on the stack of the passivation layer 152 through 
an in-situ process under an atmosphere having the impurity, 
and the polysilicon containing the impurity may be formed 
by doping the impurity ion after the deposition of the 
polysilicon. 
0042. As a modified example of the embodiment, the 
active pattern 114 may be protected by oxidizing the 
exposed side surface of the active pattern 114 before the 
etching process. That is, the attack of the active pattern 
during the removal process of the passivation layer 152 may 
be prevented by forming the oxide layer (not shown) at the 
side surface of the active pattern 114 forming the side wall 
of the second groove 136. In this case, since the oxide layer 
is not formed on the upper surface of the active pattern 114, 
the oxide process is required during the formation of the gate 
line. However, when the oxide layer is formed before the 
formation of the first insulating layer, the oxide layer is 
formed on the upper surface of the active pattern 114. 
Therefore, the oxide process may be omitted during the 
formation of the gate line. 
0043. As another modified example of the embodiment, 
the photoresist pattern (not shown) may be used as the 
etching mask during the etching process. The photoresist 
pattern covers at least the exposed side Surface of the active 
pattern 114 to prevent the attack during the etching process. 
0044 As described above, when the exposed side surface 
of the active pattern 114 is protected by the oxide layer or the 
photoresist pattern, both the anisotropic etching and the 
isotropic etching may be applied. Accordingly, the passiva 
tion layer 152 may be removed by a dry etching and a wet 
etching process. 
0045. In the removal of the passivation layer 152 buried 
in the first groove 134, the side wall of the first groove 134 
is formed with the first insulation layer 122 and the isolation 
layer 132, and the bottom surface of the first groove 134 is 
formed with the isolation layer 132. Therefore, it has no 
influence on the active pattern 114. 
0046) Next, the first insulating layer 122, which is formed 
at the surface of the active pattern 114, is removed. When the 
first insulating layer 122 is formed of the silicon nitride, the 
first insulating layer 122 may be removed by the dry etching 
process or the wet etching process using the etching gas or 
etchant having the highly selective etching rate to the silicon 
nitride. 

0047 Referring to FIGS. 12A to 12C, the active pattern 
114 is oxidized, and the oxide layer (not shown) is formed 
on the Surface of the active pattern. A gate conductive layer 
(not shown) is formed on the entire surface of the resultant. 
Next, the photoresist pattern (not shown), which defines the 
expanded gate line 160 in the second direction y, is formed 
on the gate conductive layer. The shape of the above 
photoresist pattern is substantially complimentary to the 
shape of the photoresist pattern (referred to as 300 in FIGS. 
9A to 9C) used to pattern the second groove 136. That is, the 
region covered with the photoresist pattern in FIGS. 9A to 
9C is exposed in FIGS. 12A to 12C, and the region exposed 
in FIGS. 9A to 9C is covered in FIGS. 12A to 12C. As 
described above, the photoresist patterns having the comple 
mentary shape may be formed by using the same photomask. 
That is, the photoresist patterns having the complementary 
shape may be formed by using a positive photoresist layer 
and a negative photoresist layer with the same photomask. 
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0048. Then, a gate line 160 is formed by etching the gate 
conductive layer using the photoresist pattern as the etching 
mask. The gate line 160 extends in the second direction to 
be buried in the second groove 136. Since the height of the 
second groove 136 formed at both sides of the active pattern 
114 is less than that of a perimeter thereof, the gate line 160 
is formed across the active pattern 114. Accordingly, the 
channel region may be formed at both the upper Surface and 
both sides of the active pattern 114. For this reason, the 
multi-gate transistor having an improved characteristic may 
be formed. 

0049. The remaining processes, which form a source 
region and a drain region by implanting the ion to complete 
the formation of the transistor and forms a local wiring line, 
are know to those skilled in the art, and thus its detailed 
description will be omitted. 
0050 Hereinafter, a method of fabricating a semiconduc 
tor device according to another embodiment of the invention 
will be described with reference to FIGS. 13 A to 18A. FIGS. 
13A, 14A, 15A, 16A, 17A and 18A are perspective views 
illustrating a method of fabricating a semiconductor device 
according to another embodiment of the invention. FIGS. 
13B, 14B, 15B, 16B, 17B, and 18B are cross-sectional views 
taken along line B-B' of FIGS. 13A, 14A, 15A, 16A, 17A, 
and 18A, respectively. FIGS. 13C, 14C, 15C, 16C, 17C, and 
18C are cross-sectional views taken along line C-C of FIGS. 
13A, 14A, 15A, 16A, 17A, and 18A, respectively. Like 
reference numerals in the drawings denote like elements, 
and thus their description will be omitted or be simplified. 
0051 Referring to FIGS. 13 A to 13C, a method of 
fabricating the semiconductor device according to this 
embodiment of the invention is the same as the method 
according to other embodiment of the invention until the 
first groove 134 (not shown in FIGS. 13 A to C) is formed. 
Next, a first passivation material layer 140 and a second 
passivation material layer 150 are sequentially formed on 
semiconductor substrates 112 and 114 on which the first 
groove 134 is formed. For example, the first passivation 
material layer 140 may be formed of a silicon nitride. The 
first passivation layer 140 may be formed so as to have a 
thickness smaller than a depth of the first groove 134. That 
is, the first passivation material layer 140 is formed so as not 
to entirely fill the first groove 134. 
0052 The second passivation material layer 150 may be 
formed of a polysilicon substantially identical to the material 
forming the passivation material layer according to an 
embodiment of the invention. The second passivation mate 
rial layer 150 is formed so as to entirely fill the first groove 
134, which is partially filled with the first passivation 
material layer. As a result, the upper Surface of the semi 
conductor substrates 112 and 114 is fully covered with the 
second passivation layer 150. 
0053) Referring to FIGS. 14A to 14C, the surface of the 
second passivation material layer 150 and the first passiva 
tion material layer 140 is polished to be planarized. The 
isolation layer 132 may serve as a polishing stop layer. As 
long as the isolation layer 132 is entirely exposed, it does not 
matter that a portion of the first passivation material layer 
140 remains on the first insulating layer 122. As a result of 
the planarization, a first passivation layer 142 and a second 
passivation layer 152 is buried in the first groove 134. 
0054) Referring to FIGS. 15A to 15C, a photoresist 
pattern 300 having an exposed region is formed in a second 
direction y intersecting a first direction X. This step is 
substantially identical to the method described with refer 
ence to FIGS. 9A to 9C. 
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0055 Referring to FIGS. 16A to 16C, a second groove 
136 is formed by etching the isolation layer 132 located 
between active patterns 114 by using the photoresist pattern 
300 as the etching mask, an the photoresist pattern 300 is 
removed. This step is substantially identical to the method 
described with reference to FIGS. 10A to 10C. However, it 
is evident that one side of the second groove 136 is formed 
with the upper second passivation layer 152, first passivation 
layer 142, and the lower isolation layer 132. 
0056 Referring to FIGS. 17A to 17C, the second passi 
vation layer 152 buried in the first groove 134 is removed. 
This step is substantially identical to the step of FIGS. 11A 
to 11C. That is, the second passivation layer 152 may be 
removed by an anisotropic etching and a dry etching or a wet 
etching after an oxidation layer is formed a the side of the 
active pattern 114 before the etching. In addition, the second 
passivation layer 152 may be removed by the dry etching or 
the wet etching after the photoresist pattern is formed by the 
etching. Since the first passivation layer 142 remains in the 
first groove 134 after the removal of the second passivation 
layer 152 in this embodiment, even though the first groove 
134 is formed so as to be deeper than a design depth, a 
process margin is provided so that the active patterns 114 
adjacent to each other are not attacked by an etching gas or 
etchant. That is, the process margin may be as much as the 
thickness of the first passivation layer 142. 
0057 Referring to FIGS. 18A to 18C, the first passivation 
layer 142 remaining in the first groove 134 and the first 
insulating layer 122 formed at the surface of the active 
pattern 114 are removed. If both the first passivation layer 
142 and the first insulating layer 122 are formed of the 
silicon nitride, the first passivation layer 142 and the first 
insulating layer 122 are removed by one process, thus 
simplifying the process. The following process is identical to 
the method described with reference to FIGS. 12A to 12C. 

0.058 Although the present invention has been described 
in connection with the exemplary embodiments, it will be 
apparent to those skilled in the art that various modifications 
and changes may be made thereto without departing from 
the scope and spirit of the invention. Therefore, it should be 
understood that the above embodiments are not limitative, 
but illustrative in all aspects. 
0059. According to the method of fabricating the semi 
conductor device according to the embodiments of the 
invention, even though the photo mask or the like is partially 
misaligned, the device located between the active patterns 
adjacent to each other is completely separated. Accordingly, 
the reliability of the device may be improved. 

What is claimed is: 
1. A method of fabricating a semiconductor device com 

prising: 

providing a semiconductor device having a number of 
active patterns which extend in a first direction, are 
separated by an isolation layer, and covered with a first 
insulating layer; 

forming a first groove by etching the isolation layer 
located between the active patterns adjacent to each 
other in the first direction; 

burying the first groove with a passivation layer, 
forming a second groove exposing at least a portion of 

both sides of the active patterns by etching the isolation 
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layer located between the active patterns in a second 
direction intersecting with the first direction; 

removing the passivation layer in the first groove; and 
forming a gate line filling at least a portion of the second 

groove and extending in the second direction. 
2. The method of claim 1, wherein the burying of the first 

groove with the passivation layer comprises; 
forming a passivation material layer on the semiconductor 

substrate where the first groove is formed; and 
polishing the passivation material layer Such that the 

isolation layer and the first insulating layer are exposed. 
3. The method of claim 2, wherein the polishing is 

conducted by using a slurry, in which the passivation mate 
rial layer has a greater polishing rate than the first insulating 
layer. 

4. The method of claim 3, wherein the passivation mate 
rial layer includes a polysilicon, an the first insulating layer 
includes a silicon nitride. 

5. The method of claim 2, wherein the depth of the first 
groove is Smaller than the thickness of the first insulating 
layer. 

6. The method of claim 2, wherein the depth of the second 
groove is larger than the thickness of the first insulating 
layer. 

7. The method of claim 1, wherein the second groove is 
formed by using a photoresist pattern having an exposed 
region in the Second direction as an etching mask. 

8. The method of claim 1, further comprising: 
removing the first insulating layer after or at the same time 

as the removing of the passivation layer. 
9. The method of claim 1, wherein the removing of the 

passivation layer is accomplished by an anisotropic etching. 
10. A method of fabricating a semiconductor device 

comprising: 

providing a semiconductor device having a number of 
active patterns which extend in a first direction, are 
separated by an isolation layer, and covered with a first 
insulating layer; 

forming a first groove by etching the isolation layer 
located between the active patterns adjacent to each 
other in the first direction; 

burying the first groove with a first passivation layer and 
a second passivation layer; 

forming a second groove exposing at least a portion of 
both sides of the active patterns by etching the isolation 
layer located between the active patterns in a second 
direction intersecting the first direction; 

removing the first passivation layer in the first groove and 
the second passivation layer in the first groove; and 

forming a gate line filling at least a portion of the second 
groove and extending in the second direction. 

11. The method of claim 10, wherein the burying of the 
first groove with the first passivation layer and the second 
passivation layer comprises: 

forming sequentially a first passivation material layer and 
a second passivation material layer on the semiconduc 
tor substrate where the first groove is formed; and 
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polishing the second passivation material layer and the 
first passivation material layer Such that the isolation 
layer and the first insulating layer are exposed. 

12. The method of claim 11, wherein the polishing is 
conducted by using slurry, in which the second passivation 
layer has a greater polishing rate than the first passivation 
material layer and the first insulating layer. 

13. The method of claim 12, wherein the second passi 
Vation material layer includes a polysilicon, and the first 
passivation material layer and the first insulating layer 
include a silicon nitride. 

14. The method of claim 11, wherein the thickness of the 
second passivation layer buried in the first groove is larger 
than that of the first passivation layer. 

15. The method of claim 11, wherein the depth of the first 
groove is Smaller than the thickness of the first insulating 
layer. 
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16. The method of claim 11, wherein the depth of the 
second groove is larger than the thickness of the first 
insulating layer. 

17. The method of claim 10, wherein the second groove 
is formed by using a photoresist pattern having an exposed 
region in the second direction as an etching mask. 

18. The method of claim 10, further comprising: 

removing the first insulating layer after or at the same time 
as the removing of the first passivation layer. 

19. The method of claim 12, wherein the removing of the 
second passivation layer is accomplished by an anisotropic 
etching. 


