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(57) ABSTRACT 

Provided are a Semiconductor device having an etch Stopper 
formed of a nitride film by low temperature atomic layer 
deposition which can prevent damage to a Semiconductor 
Substrate and a method for fabricating the Semiconductor 
device. Damage to the Semiconductor Substrate under the 
etch Stopper composed of a Second nitride film can be 
prevented by forming a first nitride film using high tem 
perature LPCVD on the semiconductor Substrate, forming 
the etch Stopper including the Second nitride film by low 
temperature ALD on the first nitride film, and removing the 
Second nitride film by dry etching, thus taking advantage of 
the different etch selectivities of the first nitride film and the 
Second nitride film. 
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FIG. 1 (PRIOR ART) 
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SEMCONDUCTOR DEVICE HAVING AN ETCH 
STOPPER FORMED OF A SIN LAYER BY LOW 

TEMPERATURE ALD AND METHOD OF 
FABRICATING THE SAME 

0001. This application is a divisional of U.S. application 
Ser. No. 10/612,028, filed on Jul. 2, 2003, which relies for 
priority upon Korean Patent Application No. O-55005, filed 
on Sep. 11, 2002, the contents of which are herein incorpo 
rated by reference in their entirety. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to a semiconductor 
device and a method for fabricating the Semiconductor 
device, and more particularly, to a Semiconductor device 
having an etch stopper formed of a Silicon nitride (SiN) layer 
by low-temperature atomic layer deposition (ALD) in a 
Self-aligned contact (SAC) process and a method for fabri 
cating the Semiconductor device. 
0004 2. Description of the Related Art 
0005. As a finer pattern and a thinner film are required in 
a process of fabricating Semiconductor devices, atomic layer 
deposition (ALD) technology beneficial for the finer pattern 
and the thinner film is more widely applied to DRAM 
devices. In particular, ALD is useful for accurately control 
ling the thickness of a film and thus is used to form capacitor 
dielectric films, diffusion barriers, gate dielectric layers, and 
the like. 

0006 AS semiconductor devices become highly inte 
grated, the Space between gates becomes Smaller, and thus a 
Self-aligned contact (SAC) process having a design rule for 
the space of about 0.2 um has been generally used. The SAC 
proceSS uses a gate pattern as an etch buffer So as to cause 
a short between a contact plug and the gate pattern due to a 
misalignment when a contact hole is formed in a Source or 
a drain between gates. As a technique using the SAC proceSS 
is introduced into a method of fabricating the 
0007 FIG. 1 is a sectional view illustrating the SAC 
process according to the conventional art after a Second 
etching is performed, and FIG. 2 is a enlarged view of area 
A of FIG. 1. 

0008 Referring to FIG. 1, a gate pattern 20 is formed on 
a semiconductor substrate 10, and an etch stopper 30 is 
deposited on the gate pattern 20. Then, an interlayer insu 
lating film 40 is formed on the gate pattern 20 and the 
Semiconductor Substrate 10, and the interlayer insulating 
film 40 is planarized. A photoresist pattern 50 is formed on 
the interlayer insulating film 40, and a Self-aligned contact 
hole 60 is formed by dry etching, exposing a Source region 
and a drain region of the gate pattern 20. 
0009. In the dry etching for forming the self-aligned 
contact hole 60, an oxide film or a nitride film having a high 
etching selectivity with the interlayer insulating film 40 
formed of oxide film and formed by low pressure chemical 
vapor deposition (LPCVD) is used as an insulating pattern 
26 on the upper Side of the gate and a gate Spacer 28 So as 
to prevent a gate electrode pattern 22 and a Silicide pattern 
24 of the gate pattern 20 from being etched. 
0010. In addition, when the self-aligned contact hole is 
dry etched, the nitride film formed by LPCVD is used as the 

Jul. 7, 2005 

etch Stopper 30 So as to prevent damage to the Semiconduc 
tor substrate 10 from etching. The etch stopper 30 is a thin 
film having a thickness of 100-200 A and is removed by a 
Second dry etch of which the etching conditions are different 
from the etching conditions of the dry etch for forming the 
Self-aligned contact hole, after dry etching the interlayer 
insulating film 40 to form the self-aligned contact hole. 

0011. However, in a second dry etching for the thin etch 
Stopper 30 of the conventional Self-aligned contact process, 
the Semiconductor Substrate 10 is also etched, and thus a 
receSS in or damage to the Semiconductor Substrate 10 
results, as shown in FIG. 2. This is because the film to be 
etched is very thin, and a constant etching Speed for the 
whole wafer is not yet possible. Further, the thickness of the 
nitride film cannot be controlled to be constant. In addition, 
Since there are differences among equipment used for mass 
production, it is difficult to consistantly etch thin films, a fact 
which causes further damage to Semiconductor Substrates. 
0012 Damage to the semiconductor substrate 10 or a 
recess therein can cause AC parameter defects such as T. 
(last data in to row precharge) in the DRAM device chip at 
the center of the wafer which has been etched less while 
degrading the refresh characteristics at the edge of the wafer 
which has been etched more. Thus, reliability and yield of 
the Semiconductor device are reduced. 

SUMMARY OF THE INVENTION 

0013 The present invention provides a semiconductor 
device having an etch Stopper formed of a nitride film by low 
temperature atomic layer deposition (ALD) So as to prevent 
damage to a Semiconductor Substrate and prevent a receSS 
from forming therein. 

0014. The present invention also provides a method for 
fabricating a Semiconductor device having an etch Stopper 
formed of a nitride film by low temperature ALD. 
0015 According to an aspect of the present invention, 
there is provided a Semiconductor device having an etch 
Stopper formed of a nitride film using low temperature 
atomic layer deposition, the Semiconductor device compris 
ing a gate pattern which is formed on the Semiconductor 
device and composed of a top layer formed of a first nitride 
film using low pressure chemical vapor deposition and a 
gate Spacer. An etch Stopper covers the Semiconductor 
Substrate and the gate pattern and includes a Second nitride 
film formed using low temperature atomic layer deposition. 
An interlayer insulating film is formed on the etch Stopper. 

0016. According to a preferred embodiment of the 
present invention, it is preferable that the etch Stopper be 
formed at a temperature of 100 to 500 C. and the thickness 
of the etch stopper be within 100 to 700 A. 
0017 Preferably, the gate pattern of the semiconductor 
device comprises a gate electrode which is formed on the 
Semiconductor Substrate and includes polysilicon and a 
Silicide layer which is formed on the gate electrode. The top 
layer of the gate pattern is formed on the Silicide layer and 
includes the first nitride film formed using low preSSure 
chemical vapor deposition. The gate Spacer is formed on the 
Sidewalls of the gate electrode, the Silicide layer, and the top 
layer and includes the first nitride film formed using low 
preSSure chemical vapor deposition. 
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0.018. In addition, the interlayer insulating film can be a 
Single film formed of an oxide film including one of SiO, 
BPSG, HDP oxide, and Fox, and the interlayer insulating 
film can be a multi-layer film including films composed of 
an oxide film including one of SiO, BPSG, HDP oxide, 
Fox. 

0.019 According to another aspect, the present invention 
is directed to a method for fabricating a Semiconductor 
device having an etch Stopper formed of a nitride film using 
low temperature atomic layer deposition. A gate pattern is 
formed on a Semiconductor Substrate. The gate pattern 
includes a first nitride film formed using low pressure 
chemical vapor deposition for a top layer and Sidewalls. An 
etch Stopper is formed covering the gate pattern and the 
Semiconductor Substrate to a predetermined thickneSS and 
includes a Second nitride film formed using low temperature 
atomic layer deposition. An interlayer insulating film is 
deposited on the Semiconductor Substrate where the etch 
Stopper is formed. A Self-aligned contact hole is formed by 
dry etching the interlayer insulating film by using the gate 
pattern as a mask. The etch Stopper which is exposed to the 
Self-aligned contact hole by wet etching is removed. 
0020. According to a preferred embodiment of the 
present invention, forming the gate pattern comprises depos 
iting a gate electrode, a Silicide layer, and a top layer, which 
includes the first nitride film formed using low pressure 
chemical vapor deposition, on the Semiconductor Substrate; 
etching the gate electrode, the Suicide layer, and the top 
layer; and forming the gate Spacer, which is composed of the 
first nitride film formed using low preSSure chemical vapor 
deposition, on the Sidewalls of the gate electrode, the Silicide 
layer, and the top layer. 
0021. The second nitride film by the atomic layer depo 
sition is formed at a temperature of 100 to 500° C., and the 
thickness of the second nitride film is within 100 to 700 A. 

0022 Preferably, as a reaction gas for forming the etch 
Stopper, one of SiH, SiCl2.H2, and SiCl is used as a Silicon 
Source, and one of N, NH, and N2O is used as a nitrogen 
SOCC. 

0023. In addition, the interlayer insulating film is a single 
layer film formed of an oxide film including SiO, BPSG, 
HDP oxide, Fox, and the interlayer insulating film is a 
multi-layer film including films composed of an oxide film 
including SiO, BPSG, HDP oxide, Fox. 
0024. According to another preferred embodiment of the 
present invention, the dry etching for forming the Self 
aligned contact hole continues until the etch Stopper is 
exposed. A hydrofluoric acid Solution as an etching Solution 
is used in the wet etching for removing the etch Stopper. The 
wet etching for removing the etch Stopper employs a SC1 
cleaning method which is developed by RCA Inc. 
0.025 According to the present invention, a recess occur 
ring in and damage to the Semiconductor Substrate can be 
prevented by using the first nitride film as an etch Stopper. 
The first nitride film is formed of the same material as a top 
film and a gate Spacer and the Second nitride film, having a 
high etch selectivity and which is formed by low tempera 
ture ALD. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0026. The foregoing and other objects, features and 
advantages of the invention will be apparent from the more 
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particular description of a preferred embodiment of the 
invention, as illustrated in the accompanying drawings in 
which like reference characters refer to the same parts 
throughout the different views. The drawings are not nec 
essarily to Scale, emphasis instead being placed upon illus 
trating the principles of the invention. 
0027 FIG. 1 is a sectional view illustrating a self-aligned 
contact (SAC) process according to the conventional art. 
0028 FIG. 2 is an enlarged view of area A of FIG. 1. 
0029 FIGS. 3 through 7 are sectional views illustrating 
a SAC process of a Semiconductor device using a nitride 
film, formed by low temperature ALD, as an etch Stopper, in 
accordance with the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0030 The present invention now will be described more 
fully with reference to the accompanying drawings, in which 
preferred embodiments of the invention are shown. This 
invention may, however, be embodied in many different 
forms and should not be construed as being limited to the 
embodiments set forth herein. Various embodiments may be 
implemented without departing from the Spirit and the 
essential characteristics of the invention as defined by the 
appended claims. For example, in a preferred embodiment 
of the present invention, an etch Stopper formed of a Second 
nitride film by low temperature atomic layer deposition 
(ALD) (i.e., under 500° C) is applied or used on a gate 
pattern in a SAC process. The Second nitride film can also 
be used as an etch Stopper in other processes. Therefore, the 
following examples are for illustrative purposes and are not 
intended to limit the Scope of the invention. 
0031 Referring to FIG. 5, a semiconductor device hav 
ing an etch Stopper formed of a nitride film by low tem 
perature ALD will be described. 
0032. The semiconductor device having the etch stopper 
formed of the nitride film by low temperature ALD, accord 
ing to the present invention, includes a Semiconductor 
substrate 100 formed on a pad oxide film (not shown), a gate 
pattern 110 formed on the semiconductor Substrate 100, an 
etch stopper 120 which covers the semiconductor substrate 
100 and the gate pattern 110 in a blanket manner, i.e., 
conformally, and is a second nitride film formed by ALD, 
and ain interlayer insulating film 130 formed on the etch 
stopper 120. The gate pattern 110 includes a top layer 106 
formed of a first nitride film by low pressure chemical vapor 
deposition (LPCVD) and a gate spacer 108. 
0033. During dry etching to form a self-aligned contact 
hole 150 of FIG. 6 by etching the interlayer insulating film 
130 formed of an oxide film, the etch stopper 120 functions 
well because it has an etch Selectivity 1-1.3 times higher 
than the etch selectivity of the top layer 106 and the gate 
spacer 108, which are composed of the first nitride film, of 
the gate pattern 110. Here, the top layer 106 and the gate 
spacer 108 are formed by LPCVD at a high temperature, i.e., 
over 600 C. 

0034. In addition, in a second wet etch process to remove 
the etch stopper 120, the etch stopper 120 has an etch rate 
20 times higher than the etch rate of the top layer 106 and 
the gate spacer 108, which are composed of the first nitride 
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film, of the gate pattern 110 and has a low density. Thus, the 
etch Stopper 120 can be removed without causing a receSS in 
the semiconductor substrate 100 or damage thereto. 
0035) Therefore, the etch stopper 120 formed of the 
Second nitride film by the low temperature ALD according 
to the present invention has a high etch Selectivity to the 
oxide film, which composes the interlayer insulating film 
130, in dry etching and has a high etch selectivity to the first 
nitride film by the high temperature LPCVD in wet etching. 

0036) Next, a SAC process of the semiconductor device 
having the etch stopper formed of the nitride film by low 
temperature ALD, according to the present invention, will be 
described with reference to FIGS. 3 through 7. 
0037 Referring to FIG.3, the gate pattern 110 is formed 
on the semiconductor substrate 100 where the pad oxide film 
is formed. Here, the gate pattern 110 is formed by depositing 
a gate oxide film (not shown), a polysilicon film for a gate 
electrode 102, a silicide layer 104, and a first nitride film for 
the top layer pattern 106 on the semiconductor Substrate 100 
and then forming the gate spacer 108 composed of the first 
nitride film on the sidewalls of the resultant structure. The 
top layer pattern 106 and the gate spacer 108 of the gate 
pattern 110 are composed of the first nitride film, which is 
formed by high temperature LPCVD, i.e., over 600° C. 
0038) Referring to FIG. 4, the etch stopper 120 is formed 
to cover the gate pattern 110 and the whole semiconductor 
Substrate 100 in a blanket manner. That is, the etch stopper 
120 is formed to conformally cover the gate pattern 110 and 
the whole semiconductor Substrate 100. The etch stopper 
120 is composed of the second nitride film formed by low 
temperature ALD (i.e., 100-500° C) and the appropriate 
thickness of the etch stopper 120 is 100-700 A. The ALD for 
forming the Second nitride film, i.e., the etch Stopper 120, 
uses one of SiH, SiCl2.H., or SiCl, as a Silicon Source and 
one of N, NH, or N2O as a nitrogen Source. The Second 
nitride film can be formed at a lower temperature than the 
first nitride film and has a low density. Consequently, the 
second nitride film functions well as the etch stopper 120 
when patterning the interlayer insulating film 130. In addi 
tion, the Second nitride film, i.e., the etch Stopper 120, is 
easily removed without causing a receSS or damage to the 
lower film, e.g., the semiconductor substrate 100, during the 
wet etching. 
0039) Referring to FIG. 5, the interlayer insulating film 
130 is formed on the semiconductor Substrate 100 where the 
etch Stopper 120 is formed, to planarize the Semiconductor 
substrate 100. The interlayer insulating film 130 is formed of 
a Single layer film composed of an oxide film including 
SiO, BPSG, HDP oxide, or Fox or of a multi-layer film 
including a single layer film composed of an oxide film 
including one of SiO, BPSG, HDP oxide, Fox. Here, a CMP 
(chemical mechanical polishing) process or a planarizing 
proceSS Such as reflow can be applied to the interlayer 
insulating film 130, if necessary. 
0040. Referring to FIG. 6, a photoresist pattern 140 is 
formed on the semiconductor Substrate 100 where the inter 
layer insulating film 130 is formed and the interlayer insu 
lating film 130 is dry etched, thereby forming a self-aligned 
contact hole 150. Here, the etch stopper 120 composed of the 
second nitride film prevents the silicide layer 104 or the gate 
electrode 102 from being etched in the dry etching for 
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forming the self-aligned contact hole 150 and prevents 
damage to the semiconductor substrate 100. 
0041 FIG. 7 is an enlarged view of area B of FIG. 6 and 
shows the result of applying the dry etching to B. 
0042 Referring to FIG. 7, in contrast to the conventional 
art in which the etch stopper 120 is removed by dry etching, 
the composition of the etch Stopper 120 is changed So that 
the etch stopper 120 is composed of the second nitride film 
formed by low temperature ALD, and the changed etch 
stopper 120 is removed by wet etching in the present 
invention. Here, a hydrofluoric acid (HF) solution may be 
used as an etching Solution. Alternatively, SC1 (Standard 
cleaning 1), which was developed by RCA Inc., can be 
applied in the wet etching. 
0043 SC1 includes a step of cleaning for 10 minutes with 
a cleaning Solution at a temperature of 80 C., and composed 
of NHOH, H2O and HO in a ratio of 1:1:5, rinsing with 
deionised water, cleaning by dipping in 1 percent hydrof 
luoric acid (HF) Solution, rinsing with deionised water, 
cleaning for 10 minutes with a cleaning Solution at a 
temperature of 80° C. and, composed of HCl, H.O., and 
H2O in a ratio of 1:1:6, rinsing with deionised water, and 
Spin drying. 

0044 As described above, the first nitride film, which 
constitutes the top layer and the gate Spacer of the gate 
pattern in the SAC process, and the Second nitride film 
having a high Selectivity in the wet etching, e.g., a film 
formed by low temperature ALD, are used as the etch 
Stopper, thus a receSS in the Semiconductor Substrate and 
damage thereto can be prevented. 
0045 While this invention has been particularly shown 
and described with reference to preferred embodiments 
thereof, it will be understood by those skilled in the art that 
various changes in form and details may be made therein 
without departing from the Spirit and Scope of the invention 
as defined by the appended claims and equivalents. 

What is claimed is: 
1. A Semiconductor device having an etch Stopper formed 

of a nitride film using low temperature atomic layer depo 
Sition, the Semiconductor device comprising: 

a gate pattern which is formed on the Semiconductor 
device and comprises a top layer formed of a first 
nitride film using low pressure chemical vapor depo 
Sition and a gate Spacer, 

an etch Stopper which covers the Semiconductor Substrate 
and the gate pattern and comprises a Second nitride film 
formed using low temperature atomic layer deposition; 
and 

an interlayer insulating film which is formed on the etch 
Stopper. 

2. The Semiconductor device of claim 1, wherein the gate 
pattern of the Semiconductor device comprises: 

a gate electrode which is formed on the Semiconductor 
Substrate and comprises polysilicon; and 

a Suicide layer formed on the gate electrode, wherein 
the top layer is formed on the Silicide layer and comprises 

the first nitride film formed using low pressure chemi 
cal vapor deposition; and 
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the gate Spacer is formed on the Sidewalls of the gate 
electrode, the Silicide layer, and the top layer and 
comprises the first nitride film formed using low pres 
Sure chemical vapor deposition. 

3. The semiconductor device of claim 1, wherein the etch 
stopper is formed at a temperature of 100 to 500 C. 

4. The semiconductor device of claim 1, wherein the 
thickness of the etch stopper is within 100 to 700 A. 
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5. The semiconductor device of claim 1, wherein the 
interlayer insulating film is a Single film formed of an oxide 
film including one of SiO, BPSG, HDP oxide, and Fox. 

6. The semiconductor device of claim 1, wherein the 
interlayer insulating film is a multi-layer film including films 
comprising an oxide film including one of SiO, BPSG, 
HDP oxide, Fox. 


