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SEMICONDUCTOR DEVICE AND FABRICATION 
METHOD THEREOF 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a semiconductor 
device and a method of fabricating a semiconductor device. 
In particular, the present invention relates to a semiconduc 
tor device and a fabrication method thereof employing a 
nitride stopper method applied to memory cells such as a 
DRAM (Dynamic Random Access Memory) and an SRAM 
(Static Random Access Memory). 

[0003] 2. Description of the Background Art 

[0004] A semiconductor device Which employs the so 
called nitride stopper method using a nitride layer as a 
stopper layer has been knoWn. FIG. 19 shoWs one example 
of a conventional semiconductor device employing the 
nitride stopper method. 

[0005] Referring to FIG. 19, on a main surface of a silicon 
substrate 1, a pair of gate electrodes 2 is formed With a gate 
insulating layer interposed. Gate electrode 2 has, for 
example, a doped polysilicon layer 2a and a WSi layer 2b. 

[0006] A hard mask insulating layer 3 formed of SiO2 or 
the like is formed on gate electrode 2. A thin SiO2 layer 4 is 
formed to cover hard mask insulating layer 3 and gate 
electrode 2. An SiO2 sideWall spacer 15 is formed to cover 
side surfaces of gate electrode 2 and hard mask insulating 
layer 3 With the thin SiO2 layer interposed. 

[0007] An SiN stopper layer 5 is formed to cover hard 
mask insulating layer 3 and SiO2 sideWall spacer 15. An 
interlayer insulating layer 6 formed of SiO2 or the like is 
formed to cover SiN stopper layer 5. A contact hole 7 is 
formed such that contact hole 7 penetrates interlayer insu 
lating layer 6, SiN stopper layer 5 and thin SiO2 layer 6 to 
reach the main surface of silicon substrate 1. Contact hole 7 
is provided to reach one SiO2 sideWall spacer 15, and an SiN 
sideWall spacer 8a is left on the surface of the one SiO2 
sideWall spacer 15. 

[0008] An interconnection layer 9 is formed to extend 
from the inside of contact hole 7 onto interlayer insulating 
layer 6. Interconnection layer 9 includes a doped polysilicon 
layer 9a and a WSi layer 9b formed thereon. 

[0009] An isolation Width W4 is de?ned by the thickness 
of the one SiO2 sideWall spacer 15 and that of SiN sideWall 
spacer 8a formed on the surface of spacer 15. Insulation 
betWeen gate electrode 2 and interconnection layer 9 can be 
obtained by setting a value of separation Width W4 at a 
prescribed value or more. In the case of FIG. 19, for 
example, if a Width W1 betWeen electrodes adjacent to each 
other is 0.24 pm, an opening Width W2 of the bottom of 
contact hole 7 is approximately 0.06 pm. 

[0010] Referring to FIGS. 20-22 next, a method of fabri 
cating the semiconductor device shoWn in FIG. 19 is 
described. FIGS. 20-22 are cross sectional vieWs shoWing 
the ?rst to the third steps of a fabrication process of the 
semiconductor device shoWn in FIG. 19. 

[0011] First With reference to FIG. 20, gate electrode 2 
and hard mask insulating layer 3 are formed on the main 
surface of silicon substrate 1 With a gate insulating layer 
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interposed, and thin SiO2 layer 4 is formed to cover those by 
the CVD (Chemical Vapor Deposition) or the like. Asilicon 
oxide layer is deposited on thin SiO2 layer 4 by the CVD or 
the like, and an anisotropic etching process is applied to the 
silicon oxide layer. SiO2 sideWall spacer 15 is thus formed. 
Etching of SiO2 sideWall spacer 15 uses plasma. Therefore, 
plasma is applied to the main surface of silicon substrate 1. 

[0012] SiN stopper layer 5 is formed to cover SiO2 side 
Wall spacer 15 and hard mask insulating layer 3 by the CVD 
or the like. Interlayer insulating layer 6 formed of SiO2 or the 
like is formed on SiN stopper layer 5 by CVD or the like. A 
resist 10 patterned into a prescribed shape is provided on 
interlayer insulating layer 6. 

[0013] Next With reference to FIG. 21, interlayer insulat 
ing layer 6 is selectively etched using resist 10 as a mask. the 
etching is stopped by SiN stopper layer 5 and an opening 7a 
is formed. 

[0014] SiN stopper layer 5 is next etched. As a result, 
contact hole 7 Which selectively exposes the main surface of 
silicon substrate 1 is formed as shoWn in FIG. 22. An over 
etching process is applied to SiN stopper layer 5 so that SiN 
sideWall spacer 8a having a small thickness is left on the 
surface of SiO2 sideWall spacer 15 as shoWn in FIG. 22. 

[0015] Interconnection layer 9 is thereafter formed to 
extend from the inside of contact hole 7 onto interlayer 
insulating layer 6 by the CVD or the like. Accordingly, the 
semiconductor device shoWn in FIG. 19 is obtained through 
the processes described above. 

[0016] Because of the plasma applied to the main surface 
of silicon substrate 1 exposed While SiO2 sideWall spacer 15 
is formed, a problem as described beloW arises. 

[0017] Although not shoWn in FIG. 19, an element iso 
lation oxide layer is formed to surround an element forma 
tion region Where an MOS transistor or the like including 
gate electrode 2 is formed. Stress generated When the 
element isolation oxide layer is formed tends to remain in 
the vicinity of the periphery of the element isolation oxide 
layer. 
[0018] SiO2 sideWall spacer 15 is generally extended over 
the element isolation oxide layer, and a pn junction may be 
formed about the periphery of the element isolation oxide 
layer Where the stress remains. In this case, the plasma is 
applied to the portion Where the pn junction is formed. 
Therefore, leakage current could be easily generated at the 
pn junction portion. The generated leakage current deterio 
rates the refresh characteristic of a capacitor if the semicon 
ductor device is a DRAM. 

[0019] In addition, the opening Width W2 of the bottom of 
contact hole 7 becomes small as approximately 0.06 pm by 
forming SiO2 sideWall spacer 15 as shoWn in FIG. 19 and as 
described above. As a result, an area of the opening at the 
bottom of contact hole 7 is decreased. 

SUMMARY OF THE INVENTION 

[0020] The present invention is made to solve the prob 
lems above. An object of the invention is to provide a 
semiconductor device and a fabrication method thereof by 
Which generation of leakage current resulted from the 
plasma applied to the main surface of the semiconductor 
substrate can be restricted, and the area of the opening at the 
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bottom of the contact hole can be increased Without increas 
ing an interval between gate electrodes. 

[0021] A semiconductor device according to the present 
invention includes a gate electrode, a hard mask insulating 
layer, a thin insulating layer, a nitride stopper layer, a 
sideWall nitride layer, an interlayer insulating layer, and an 
interconnection layer. The gate electrode is formed on a 
main surface of a semiconductor substrate. The hard mask 
insulating layer is formed on a top surface of the gate 
electrode. The thin insulating layer is formed to cover a side 
surface of the gate electrode and the hard mask insulating 
layer. The thin insulating layer refers to an insulating layer 
having a thickness of approximately 5-20 nm, for eXample. 
The nitride stopper layer is directly formed on the thin 
insulating layer to eXtend from a portion on one side surface 
of the gate electrode onto a top surface of the hard mask 
insulating layer. The sideWall nitride layer is directly formed 
on the thin insulating layer to cover the other side surface of 
the gate electrode. The interlayer insulating layer is formed 
to cover the nitride stopper layer, and provided With a 
contact hole formed in a self alignment manner that reaches 
the main surface of the semiconductor substrate and the 
sideWall nitride layer. The interconnection layer is formed in 
the contact hole. The sideWall nitride layer may have its 
upper end on a side surface of the hard mask insulating layer 
or may cover the side surface of the hard mask insulating 
layer and be connected to the nitride stopper layer, provided 
that the sideWall nitride layer tapers as aWay from the 
semiconductor substrate. 

[0022] According to the semiconductor device of the 
present invention, the nitride stopper layer is directly formed 
on the thin insulating layer, and SiO2 sideWall spacer 15 is 
not provided betWeen the thin insulating layer and the nitride 
stopper layer as in the conventional semiconductor device. 
Since SiO2 sideWall spacer 15 Which is formed With the 
plasma is not provided, application of the plasma to the main 
surface of the silicon substrate can be avoided. As a result, 
generation of leakage current Which is a problem of the 
conventional semiconductor device can be effectively 
restricted. Further, since SiO2 sideWall spacer 15 is not 
formed, an area of the opening at the bottom of the contact 
hole formed in the self-aligned manner betWeen gate elec 
trodes can be increased Without increasing an interval 
betWeen gate electrodes adjacent to each other compared 
With the conventional semiconductor device. Since the side 
Wall nitride layer is provided betWeen the gate electrode and 
the interconnection layer, insulation betWeen the gate elec 
trode and the interconnection layer can be obtained by the 
presence of the sideWall nitride layer. 

[0023] Preferably, the thickness of the hard mask insulat 
ing layer is 120 nm or more. The value of the highest limit 
of the thickness of the hard mask insulating layer is the 
maXimum value that alloWs the layer to be fabricated. 
Preferably, the height of the sideWall nitride layer in the 
direction perpendicular to the main surface of the semicon 
ductor substrate is larger than the thickness of the gate 
electrode in the perpendicular direction by 20 nm or more. 

[0024] The inventors of the present invention note the 
relation betWeen generation of leakage current generated 
betWeen the gate electrode and the interconnection layer in 
the structure shoWn in FIG. 1 of the present invention, and 
a value d(nm) of the difference betWeen the thickness of the 
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sideWall nitride layer and that of the gate electrode, and 
eXamine the relation. The result is shoWn in FIG. 4. The 
result shoWn in FIG. 4 proves that generation of leakage 
current can be almost restricted if the value of d is 20 nm or 
more. In addition, the inventors of the invention note the 
relation betWeen a value of d and a thickness a (nm) of the 
hard mask insulating layer, and eXamine it. The result is 
shoWn in FIG. 3. As shoWn in FIG. 3, the value of d 
becomes 20 nm or more When the value of the thickness a 
is 120 nm or more. Accordingly, by setting the value of the 
thickness a of the hard mask insulating layer at 120 nm or 
more, the value of d can be set at 20 nm or more, so that 
generation of leakage current betWeen the gate electrode and 
the interconnection layer can be effectively restricted. 

[0025] A concave portion may be formed at the main 
surface of the semiconductor substrate in the vicinity of the 
sideWall nitride layer. Preferably, a part of the interconnec 
tion layer ?lls the inside of the concave portion. 

[0026] A layer Which is changed in quality located at the 
bottom of the contact hole can be removed by providing the 
concave portion at the semiconductor substrate. The part of 
the interconnection layer Which ?lls the inside of the con 
cave portion reduces contact resistance betWeen the inter 
connection layer and the semiconductor substrate. 

[0027] The upper portion of the other surface of the gate 
electrode may be recessed from the side surface of the hard 
mask insulating layer toWard the inside of the gate electrode. 

[0028] As shoWn in FIG. 1, the sideWall nitride layer has 
a shape Which tapers toWards the upper portion (in the 
direction aWay from the semiconductor substrate). There 
fore, insulation betWeen the upper corner portion of the gate 
electrode and the interconnection layer is necessary. If the 
upper portion of the other side surface of the gate electrode 
located on the side of the interconnection layer is recessed 
into the gate electrode, a distance betWeen the upper corner 
portion of the gate electrode and the interconnection layer 
can be increased. As a result, Withstand voltage betWeen the 
gate electrode and the interconnection layer can be 
improved. 

[0029] The semiconductor device may have a memory cell 
portion and a peripheral circuit portion. In this case, the gate 
electrode is arranged Within the memory cell portion. Within 
the peripheral circuit portion, another gate electrode having 
a metal silicide part at its upper portion is formed. On a top 
surface of the another gate electrode, another hard mask 
insulating layer is formed. Another thin insulating layer is 
formed to cover a side surface of the another gate electrode 
and the another hard mask insulating layer. Apair of another 
sideWall nitride layers is directly formed on the another thin 
insulating layer to cover both side surfaces of the another 
gate electrode. The interlayer insulating layer eXtends over 
the another hard mask insulating layer to be in contact With 
a top surface of the another hard mask insulating layer, and 
another contact hole Which penetrates the interlayer insulat 
ing layer, the another hard mask insulating layer and the 
metal silicide part and has its bottom surface Within the 
another gate electrode is formed. Another interconnection 
layer is formed in the another contact hole to be electrically 
connected to the another gate electrode. 

[0030] The nitride stopper layer does not cover the top 
surface of the another hard mask insulating layer located in 
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the peripheral circuit portion. Therefore, using the same 
mask, the contact hole that reaches the main surface of the 
semiconductor substrate can be formed in the memory cell 
portion in the self alignment manner, and another contact 
hole Which penetrates the metal silicide part and has its 
bottom surface in the gate electrode can be formed in the 
peripheral circuit portion. As a result, the fabrication process 
can be simpli?ed and the cost can be reduced. 

[0031] According to one aspect of a method of fabricating 
a semiconductor device according to the present invention, 
those steps as described beloW are provided. Agate electrode 
is formed on a main surface of a semiconductor substrate. A 
hard mask insulating layer is provided on a top surface of the 
gate electrode. Athin insulating layer is formed to cover the 
gate electrode and the hard mask insulating layer. A nitride 
stopper layer is directly formed on the thin insulating layer. 
An interlayer insulating layer is formed to cover the nitride 
stopper layer. By etching the interlayer insulating layer, the 
nitride stopper layer, and the thin insulating layer succes 
sively, a contact hole formed in the self alignment manner 
Which reaches the main surface of the semiconductor sub 
strate, as Well as a sideWall nitride layer formed on a side 
surface of the gate electrode are provided. An interconnec 
tion layer is formed in the contact hole. 

[0032] According to the one aspect of the method of 
fabricating a semiconductor device according to the present 
invention as described above, the nitride stopper layer is 
directly provided on the thin insulating layer, and SiO2 
sideWall spacer 15 is not formed betWeen the thin insulating 
layer and the nitride stopper layer as in the conventional 
semiconductor device. Therefore, the plasma is not applied 
to the main surface of the semiconductor substrate, so that 
generation of leakage current can be effectively restricted. In 
addition, an area of an opening at the bottom of the contact 
hole can be increased compared With the conventional 
device When the contact hole is formed in the self alignment 
manner betWeen gate electrodes adjacent to each other. 
Further, since SiO2 sideWall spacer 15 is not formed, the 
fabrication process can be simpli?ed to reduce the cost. 
Insulation betWeen the gate electrode and the interconnec 
tion layer can be obtained by the presence of the sideWall 
nitride layer. 

[0033] The step of forming the contact hole may include 
a step of forming a concave portion by isotropically etching 
the main surface of the eXposed semiconductor substrate. 
Further, the step of forming the interconnection layer may 
include a step of forming an interconnection layer such that 
the layer ?lls the concave portion. 

[0034] By isotropically etching the main surface of the 
semiconductor substrate as described above, a layer Which is 
changed in quality located at the bottom of the contact hole 
can be removed, and the concave portion can be formed. 
Contact resistance betWeen the interconnection layer and the 
semiconductor substrate can be decreased by ?lling a part of 
the interconnection layer in the concave portion. 

[0035] The step of forming the hard mask insulating layer 
may include a step of forming a hard mask insulating layer 
such that it has a thickness of 120 nm or more. The step of 
forming the sideWall nitride layer may include a step of 
forming a sideWall nitride layer such that the height of the 
sideWall nitride layer in the direction perpendicular to the 
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main surface of the semiconductor substrate is larger than 
the thickness of the gate electrode in the perpendicular 
direction by 20 nm or more. 

[0036] By setting the thickness of the hard mask insulating 
layer at 120 nm or more, the difference betWeen the height 
of the sideWall nitride layer in the direction perpendicular to 
the main surface of the semiconductor substrate and that of 
the gate electrode in the perpendicular direction d can be set 
at 20 nm or more. Generation of leakage current betWeen the 
gate electrode and the interconnection layer can be effec 
tively restricted by setting the value of d at 20 nm or more 
as shoWn in FIG. 4. As a result, a semiconductor device in 
Which Withstand voltage betWeen the gate electrode and the 
interconnection layer is obtained can be provided. 

[0037] The method of fabricating a semiconductor device 
described above may include a step of recessing an upper 
portion of the side surface of the gate electrode into the gate 
electrode from the side surface of the hard mask insulating 
layer, by etching the upper portion of the side surface of the 
gate electrode after the hard mask insulating layer is formed. 

[0038] A distance betWeen the upper corner portion of the 
gate electrode and the interconnection layer can be increased 
by recessing the upper portion of the side surface of the gate 
electrode into the gate electrode from the side surface of the 
hard mask insulating layer. The most important issue of the 
semiconductor device is the Withstand voltage betWeen the 
upper corner portion of the gate electrode and the intercon 
nection layer as described above. Therefore, increase of the 
distance betWeen the upper corner portion of the gate 
electrode and the interconnection layer alloWs a semicon 
ductor device having an improved Withstand voltage 
betWeen the gate electrode and the interconnection layer to 
be provided. 

[0039] According to another aspect of the method of 
fabricating a semiconductor device according to the present 
invention, the method is for fabricating a semiconductor 
device having a memory cell portion and a peripheral circuit 
portion. The fabrication method of a semiconductor device 
according to this aspect includes the processes described 
beloW. A?rst hard mask insulating layer is formed on a main 
surface of a semiconductor substrate located in the memory 
cell portion With a ?rst gate electrode interposed, and a 
second hard mask insulating layer is formed on a main 
surface located in the peripheral circuit portion With a 
second gate electrode interposed. A thin insulating layer is 
formed to cover the ?rst and second hard mask insulating 
layers as Well as side surfaces of the ?rst and second gate 
electrodes. A nitride stopper layer is directly provided on the 
thin insulating layer. A?rst mask layer is formed to cover the 
nitride stopper layer located Within the memory cell portion. 
The second hard mask insulating layer is eXposed and a pair 
of sideWall nitride layers that covers the side surface of the 
second gate electrode is formed by etching the nitride 
stopper layer using the ?rst mask layer. An interlayer insu 
lating layer is provided to cover the nitride stopper layer and 
the second hard mask insulating layer. A second mask layer 
is formed on the interlayer insulating layer. Using the second 
mask layer, a ?rst contact hole that is formed in self 
alignment manner and selectively exposes the main surface 
of the semiconductor substrate is provided by etching the 
interlayer insulating layer, the nitride stopper layer, and the 
thin insulating layer located in the memory cell portion 
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successively, and a second contact hole Which reaches the 
second gate electrode is formed by successively etching the 
interlayer insulating layer and the second hard mask insu 
lating layer located Within the peripheral circuit portion. 
First and the second interconnection layers are respectively 
formed in the ?rst and second contact holes. 

[0040] The nitride stopper layer on the second hard mask 
insulating layer is preliminary removed using the ?rst mask 
layer. Therefore, using the second mask layer, the ?rst 
contact hole formed in the self alignment manner can be 
formed in the memory cell portion and the second contact 
hole can be provided in the peripheral circuit portion. Since 
the ?rst and second contact holes can be formed by using the 
same mask, the fabrication process can be simpli?ed to 
decrease the fabrication cost. 

[0041] The second gate electrode may include a metal 
silicide part at its upper portion. In this case, the steps of 
forming the ?rst and second contact holes may include a step 
of forming a concave portion at the main surface of the 
semiconductor substrate after the main surface is exposed 
and forming the second contact hole such that the hole 
penetrates the metal silicide part. 

[0042] Since the concave portion is formed at the main 
surface of the semiconductor substrate, an area Where the 
interconnection layer and the semiconductor substrate are in 
contact With each other can be increased, resulting in reduc 
tion of contact resistance therebetWeen. Further, the second 
contact hole is formed to penetrate the metal silicide part, so 
that a portion of the gate electrode other than the metal 
silicide part and the interconnection layer can be in contact 
With each other. For example, if the interconnection layer is 
formed of doped polysilicon, impurities from the intercon 
nection layer are absorbed by the metal silicide part since the 
metal silicide part of the second gate electrode is in contact 
With the interconnection layer. As a result, a portion Where 
an impurity concentration is loW is generated Where the 
second gate electrode and the interconnection layer are 
connected to each other, and contact resistance betWeen the 
second gate electrode and the interconnection layer 
increases. In particular, if the interconnection layer is in 
contact With only the metal silicide part, a problem is an 
increase of the contact resistance. If the interconnection 
layer is in contact With the portion other than the metal 
silicide part, generation of the portion Where the impurity 
concentration is loW can be limited to achieve reduction of 
the contact resistance. 

[0043] The foregoing and other objects, features, aspects 
and advantages of the present invention Will become more 
apparent from the folloWing detailed description of the 
present invention When taken in conjunction With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0044] FIG. 1 is a cross sectional vieW shoWing a semi 
conductor device according to the ?rst embodiment of the 
invention. 

[0045] FIG. 2 shoWs a cross sectional vieW of a gate 
electrode and its environment in FIG. 1 by enlarging them. 

[0046] FIG. 3 shoWs a relation betWeen a difference d 
betWeen a height of an SiN sideWall spacer and a thickness 
of a gate electrode, and a thickness of a hard mask insulating 
layer. 
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[0047] FIG. 4 shoWs a relation betWeen leakage current 
betWeen a gate electrode and an interconnection layer, and 
a difference d betWeen a height of an SiN sideWall spacer 
and a thickness of a gate electrode. 

[0048] FIGS. 5-7 are cross sectional vieWs respectively 
shoWing the ?rst to the third steps of a fabrication process of 
the semiconductor device shoWn in FIG. 1. 

[0049] FIG. 8 is a cross sectional vieW shoWing a semi 
conductor device according to the second embodiment of the 
invention. 

[0050] FIG. 9 is a cross sectional vieW shoWing a char 
acteristic fabrication process of the semiconductor device 
shoWn in FIG. 8. 

[0051] FIGS. 10-12 are cross sectional vieWs respectively 
shoWing the characteristic ?rst to the third steps of the 
fabrication process of a semiconductor device according to 
the third embodiment of the invention. 

[0052] FIGS. 13A and 13B are cross sectional vieWs 
shoWing a semiconductor device according to the fourth 
embodiment of the invention. 

[0053] FIGS. 14A and 14B to 18A and 18B are cross 
sectional vieWs shoWing the ?rst to the ?fth steps of the 
fabrication process of the semiconductor device shoWn in 
FIG. 13. 

[0054] FIG. 19 is a cross sectional vieW shoWing an 
example of a conventional semiconductor device. 

[0055] FIGS. 20-22 are cross sectional vieWs respectively 
shoWing the ?rst to the third steps of a fabrication process of 
the semiconductor device shoWn in FIG. 19. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0056] Embodiments of the present invention are herein 
after described referring to FIGS. 1-18. 

[0057] First Embodiment 

[0058] Referring to FIGS. 1-7, the ?rst embodiment of the 
invention is described. FIG. 1 is a cross sectional vieW 
illustrating a semiconductor device according to the ?rst 
embodiment of the invention. Although description is given 
on a case in Which the invention is applied to a DRAM, the 
invention is applicable to another semiconductor memory 
device such as an SRAM. 

[0059] Referring to FIG. 1, a pair of gate (transfer gate) 
electrodes 2 is formed on a main surface of a silicon 
substrate 1 With a gate insulating layer interposed. Gate 
electrode 2 includes a doped polysilicon layer 2a and a WSi 
layer 2b formed thereon. Doped polysilicon layer 2a has, for 
example, a thickness of approximately 40-80 nm. WSi layer 
2b has a thickness of approximately 40-80 nm. WSi layer 2b 
may be formed of a conductive layer With loW resistance 
such as W. 

[0060] A hard mask insulating layer 3 formed of, for 
example, SiO2 is formed on a top surface of gate electrode 
2. Hard mask insulating layer 3 has, for example, a thickness 
of approximately 100-250 nm. Athin SiO2 layer 4 is formed 
to cover hard mask insulating layer 3 and a side surface of 
gate electrode 2. Thin SiO2 layer 4 has a ?at surface and a 
thickness of approximately 5-20 nm. 
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[0061] An SiN (silicon nitride) stopper layer 5 is formed 
to extend from a portion on one side surface of gate 
electrode 2 onto a top surface of hard mask insulating layer 
3. SiN stopper layer 5 functions as a self alignment stopper 
layer, and has a thickness of approximately 40-100 nm. On 
the other side surface of gate electrode 2, an SiN sideWall 
spacer 8 is formed. SiN sideWall spacer 8 is directly formed 
on the thin SiO2 layer 4. SiN sideWall spacer 8 may have its 
upper end portion on the side surface of hard mask insulating 
layer 3 as shoWn in FIG. 1. HoWever, SiN sideWall spacer 
8 may cover the side surface of hard mask insulating layer 
3 and be connected to SiN stopper layer 5. In other Words, 
silicon nitride may remain betWeen SiN sideWall spacer 8 
and SiN stopper layer that integrally connects them in FIG. 
1. 

[0062] An interlayer insulating layer 6 formed of SiO2 or 
the like is formed to cover SiN stopper layer 5. A contact 
hole 7 formed in self alignment manner is provided to 
penetrate interlayer insulating layer 6, SiN stopper layer 5, 
and thin SiO2 layer 4 to reach the main surface of silicon 
substrate 1. SiN sideWall spacer 8 is formed around contact 
hole 7 to de?ne an opening at a bottom of contact hole 7. 

[0063] An interconnection layer (bit line) 9 is formed to 
extend from the inside of contact hole 7 onto interlayer 
insulating layer 6. Interconnection layer 9 is constituted of 
a doped polysilicon layer 9a and a WSi layer 9b formed 
thereon. 

[0064] As shoWn in FIG. 1, SiO2 sideWall spacer 15 in the 
conventional semiconductor device is not found betWeen 
SiN sideWall spacer 8 and thin SiO2 layer 4. Therefore, an 
opening Width W2 at the bottom of contact hole 7 can be 
increased compared With that of the conventional device. 
Speci?cally, if an interval W1 betWeen gate electrodes 2 
adjacent to each other is 0.24 pm, opening Width W2 is 0.14 
pm. Since opening Width W2 is 0.06 pm in the conventional 
device, an area of an opening at the bottom of contact hole 
7 can be dramatically increased compared With that of the 
conventional device. Accordingly, an area Where intercon 
nection layer 9 and silicon substrate 1 are in contact With 
each other can be increased, and contact resistance can be 
decreased. 

[0065] Since SiO2 sideWall spacer 15 is not found, plasma 
used for forming SiO2 sideWall spacer 15 is never applied to 
the main surface of silicon substrate 1. Therefore, generation 
of leakage current caused by application of the plasma to the 
peripheral portion of an element isolation oxide ?lm formed 
in an element isolation region of silicon substrate 1 can be 
effectively avoided. Accordingly, a semiconductor device 
Which is reliable and has a high performance can be 
obtained. 

[0066] Next With reference to FIGS. 2-4, a characteristic 
structure of the semiconductor device shoWn in FIG. 1 is 
described in detail. FIG. 2 shoWs a cross sectional vieW of 
gate electrode 2 and its vicinity of FIG. 1 by enlarging them. 

[0067] Referring to FIG. 2, 21 represents a thickness of 
hard mask insulating layer 3, b represents a thickness of WSi 
layer 2b and c represents a thickness of doped polysilicon 
layer 2a. d is obtained by subtracting thickness of gate 
electrode (b+c) from a height g of SiN sideWall spacer 8, e 
represents an amount of etching of SiN sideWall spacer 8 
generated by etching interlayer insulating 6, and f represents 
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an amount of etching of SiN sideWall spacer 8 generated by 
etching SiN stopper layer 5. h and i respectively represent a 
thickness of SiN stopper layer 5 and thin SiO2 layer 4. j 
represents a total height of thin SiO2 layer 4, gate electrode 
2, hard mask insulating layer 3 and SiN stopper layer 5. 

[0068] FIG. 3 shoWs a relation betWeen values of d and a. 
FIG. 4 shoWs a relation betWeen leakage current betWeen 
gate electrode 2 and interconnection layer 9 and the value of 
d. The data shoWn in FIGS. 3 and 4 are obtained When 
transistor voltage is 2 V. 

[0069] The inventors of the invention take various con 
siderations for obtaining insulation betWeen gate electrode 2 
and interconnection layer 9 When SiO2 sideWall spacer 15 
used in the conventional device is not formed. As a result of 
the considerations, it is found that leakage current betWeen 
gate electrode 2 and interconnection layer 9 depends on the 
value d. Speci?cally, as shoWn in FIG. 4, it is found that 
leakage current betWeen gate electrode 2 and interconnec 
tion layer 9 can be restricted Within the range that does not 
cause any problem if the value of d in FIG. 2 is 20 nm or 
more. In other Words, insulation betWeen gate electrode 2 
and interconnection layer 9 can be obtained by setting the 
value of d in FIG. 2 at 20 nm or more. More preferably, the 
value of d is 30 nm or more. 

[0070] The inventors of the invention note that depen 
dence of the value of d on the thickness a of hard mask 
insulating layer 3. As shoWn in FIG. 3, if thickness a of hard 
mask insulating layer 3 is 120 nm or more, the value of d is 
found to be 20 nm or more. That is, by setting thickness a 
of hard mask insulating layer 3 at 120 nm or more, the value 
d can be set at 20 nm or more to restrict generation of 
leakage current betWeen gate electrode 2 and interconnec 
tion layer 9. 

[0071] Next With reference to FIGS. 5-7, a method of 
fabricating the semiconductor device shoWn in FIG. 1 is 
described. FIGS. 5-7 are cross sectional vieWs shoWing the 
?rst to the third steps of the fabrication process of the 
semiconductor device of FIG. 1. 

[0072] First With reference to FIG. 5, a gate insulating 
layer is formed on the main surface of silicon substrate 1 
using thermal oxidation method or the like. A doped poly 
silicon layer having a thickness of approximately 4080 nm, 
a WSi layer having a thickness of approximately 4080 nm, 
and a silicon oxide layer having a thickness of approxi 
mately 100-250 nm are successively deposited on the gate 
insulating layer by the CVD, for example. Patterning the 
silicon oxide layer, hard mask insulating layer 3 is formed. 
Gate electrode 2 is formed by etching the WSi layer and the 
doped polysilicon layer successively using hard mask insu 
lating layer 3 as a mask. 

[0073] Next thin SiO2 layer 4 of approximately 5-20 nm is 
formed to cover a side surface of gate electrode 2 and hard 
mask insulating layer 3 by the CVD or the like. SiN stopper 
layer 5 having a thickness of about 40-100 nm is deposited 
on thin SiO2 layer 4 by the CVD or the like. 

[0074] As heretofore described, SiN stopper layer 5 is 
directly formed on thin SiO2 layer 4, and SiO2 sideWall 
spacer 15 of the conventional semiconductor device is not 
provided betWeen SiN stopper layer 5 and thin SiO2 layer 4. 
Therefore, the plasma is not applied to the main surface of 
silicon substrate 1 and generation of leakage current can be 
effectively avoided. 
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[0075] After SiN stopper layer 5 is deposited as described 
above, interlayer insulating layer 6 formed of SiO2 or the 
like is formed to cover SiN stopper layer 5 by the CVD or 
the like. Resist 10 is applied onto interlayer insulating layer 
6 to be patterned into a prescribed shape. 

[0076] An opening 7a that reaches SiN stopper layer 5 is 
formed by etching interlayer insulating layer 6 using the 
patterned resist 10 as a mask. The etching is carried out by 
an etching apparatus of a type such as ECR (Electron 
Cyclotron Resonance) or magnetron RIE (Reactive Ion 
Etching) using ?on type gas and Ar type gas under a 
condition in Which etching selectivity for the silicon nitride 
is high. Interlayer insulating layer 6 is etched in such a 
condition, and the etching is stopped at a surface of SiN 
stopper layer 5. Accordingly, opening 7a having a self 
aligned shape is provided. 

[0077] Next With reference to FIG. 7, SiN stopper layer 5 
at the bottom of opening 7a and thin SiO2 layer 4 are 
successively etched by an etching apparatus of a type Which 
is parallel and planar, using ?on type gas containing hydro 
gen. As a result, the main surface of the silicon substrate is 
selectively exposed and SiN sideWall spacer 8 is formed. 

[0078] By providing SiN sideWall spacer 8 such that the 
value of d in FIG. 2 is set at 20 nm or more, insulation 
betWeen interconnection layer 9 Which is formed later and 
gate electrode 2 can be obtained. In addition, by setting the 
thickness of hard mask insulating layer 3 at 120 nm or more 
When the hard mask insulating layer 3 is formed, the value 
of d can be almost surely set at 20 nm or more. 

[0079] After forming contact hole 7 in self alignment 
manner as above, interconnection layer 9 is formed to extend 
from the inside of contact hole 7 onto interlayer insulating 
layer 6 by the CVD or the like. Accordingly, the semicon 
ductor device shoWn in FIG. 1 is formed through the steps 
above. 

[0080] Second Embodiment 

[0081] Next With reference to FIGS. 8 and 9, the second 
embodiment of the invention is described. FIG. 8 is a cross 
sectional vieW illustrating a semiconductor device according 
to the second embodiment. 

[0082] Referring to FIG. 8, a concave portion 11 is 
formed at the main surface of silicon substrate 1 according 
to the second embodiment. Concave portion 11 is formed to 
extend to a portion directly under SiN sideWall spacer 8. 
Concave portion 11 is ?lled With a part of doped polysilicon 
layer 9a. 

[0083] By forming concave portion 11 at the main surface 
of silicon substrate 1, a layer Which is changed in quality at 
the bottom portion of contact hole 7 can be removed. Since 
a part of interconnection layer 9 ?lls concave portion 11, 
contact resistance betWeen interconnection layer 9 and sili 
con substrate 1 can be decreased. The depths of concave 
portion 11 is, for example, about 5-40 nm. 

[0084] Next referring to FIG. 9, a method of fabricating 
the semiconductor device shoWn in FIG. 8 is described. 
FIG. 9 is a cross sectional vieW shoWing a characteristic 
fabrication process of the semiconductor device of FIG. 8. 

[0085] Referring to FIG. 9, contact hole 7 is formed 
through the steps similar to those of the ?rst embodiment. 
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The main surface of silicon substrate 1 is etched by an 
isotropic polysilicon etching apparatus of down How type 
using gas of CF4, 02 type or the like. At this time, silicon 
substrate 1 is etched Without etching most of SiN sideWall 
spacer 8. As a result, concave portion 11 can be formed to 
extend to the portion under SiN sideWall spacer 8 While 
maintaining insulation betWeen gate electrode 2 and inter 
connection layer 9. The semiconductor device shoWn in 
FIG. 8 is thereafter formed through the steps similar to those 
of the ?rst embodiment. 

[0086] Third Embodiment 

[0087] Next, referring to FIGS. 10-12, the third embodi 
ment of the invention is described. FIGS. 10-12 are cross 
sectional vieWs respectively shoWing the characteristic ?rst 
to the third steps of a fabrication process of a semiconductor 
device according to the third embodiment. 

[0088] First, referring to FIG. 10, after hard mask insu 
lating layer 3 and gate electrode 2 are formed through the 
steps similar to those of the ?rst embodiment, a Wet etching 
process is applied to a side surface of WSi layer 2b for 
approximately 25-50 minutes using aqueous ammonia. As a 
result, the side surface of WSi layer 2b is recessed into WSi 
layer 2b. An amount of recess W3 is about 10 nm-20 nm. 
Accordingly, a concave portion 12 is formed at a side 
surface of an upper portion of gate electrode 2. 

[0089] Using a method similar to that of the ?rst embodi 
ment, thin SiO2 layer 4 and SiN stopper layer 5 are provided. 
Next, as shoWn in FIG. 12, interlayer insulating layer 6 and 
contact hole 7 are formed by a method similar to that of the 
?rst embodiment. Interconnection layer 9 is thereafter 
formed in contact hole 7. 

[0090] The semiconductor device according to the third 
embodiment is thus formed through the steps described 
above. In the semiconductor device of the third embodiment, 
the side surface of WSi layer 2b is recessed inWard, so that 
a separation Width W4 betWeen the upper corner portion of 
gate electrode 2 and interconnection layer 9 can be increased 
compared With that of each embodiment described above. 
As a result, insulation betWeen gate electrode 2 and inter 
connection layer 9 can be surely maintained. 

[0091] Fourth Embodiment 

[0092] Next referring to FIGS. 13A and B to 18A and B, 
the fourth embodiment of the invention is described. FIGS. 
13A and B are cross sectional vieWs shoWing a semicon 
ductor device of the fourth embodiment. According to the 
fourth embodiment, not only a structure of a memory cell 
portion of DRAM, a structure of its peripheral circuit portion 
is illustrated. 

[0093] Referring to FIGS. 13A and B, the structure in the 
memory cell portion is similar to that shoWn in FIG. 8, and 
description thereof is not repeated here. In the peripheral 
circuit portion, gate electrode 2 is formed on the main 
surface of silicon substrate 1 With the gate insulating layer 
interposed, and hard mask insulating layer 3 is formed 
thereon. An SiN sideWall spacer 13 is formed to cover both 
of a side surface of hard mask insulating layer 3 and a side 
surface of gate electrode 2 With thin SiO2 layer 4 interposed. 
SiN sideWall spacer 13 is provided by etching SiN stopper 
layer 5, and formed directly on thin SiO2 layer 4. 
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[0094] Interlayer insulating layer 6 is extended on hard 
mask insulating layer 3 to be in contact With a top surface of 
hard mask insulating layer 3. Acontact hole 14 is formed to 
penetrate interlayer insulating layer 6, hard mask insulating 
layer 3 and WSi layer 2b. Interconnection layer 9 is formed 
to extend from the inside of contact hole 14 onto interlayer 
insulating layer 6. 

[0095] As shoWn in FIG. 13B, since contact hole 14 is 
formed to penetrate WSi layer 2b, doped polysilicon layer 
9a and doped polysilicon layer 2a can be in direct contact 
With each other. If doped polysilicon layer 9a is in contact 
With WSi layer 2b, impurities from doped polysilicon layer 
9a are absorbed by WSi layer 2b and a portion Where 
concentration of impurities is loW is formed betWeen doped 
polysilicon layer 9a and WSi layer 2b. As a result, if doped 
polysilicon layer 9a is in contact With only WSi layer 2b, 
contact resistance betWeen interconnection layer 9 and gate 
electrode 2 increases. 

[0096] On the other hand, if doped polysilicon layer 9a 
and doped polysilicon layer 2a are in contact With each 
other, a portion Where concentration of impurities is loW is 
not formed entirely in a region Where interconnection layer 
9 and gate electrode 2 are in contact With each other. 
Accordingly, increase of contact resistance betWeen inter 
connection layer 9 and gate electrode 2 can be effectively 
avoided. 

[0097] Next referring to FIGS. 14A and B to 18A and B, 
a method of fabricating a semiconductor device according to 
the fourth embodiment is described. FIGS. 14A and B to 
18A and B are cross sectional vieWs shoWing the charac 
teristic ?rst step to the ?fth step of a fabrication process of 
a semiconductor device according to the fourth embodiment. 

[0098] First referring to FIGS. 14A and B, SiN stopper 
layer 5 is formed through the steps similar to those of the 
?rst embodiment. A resist 10a is formed to cover SiN 
stopper layer 5 in the memory cell portion. Using resist 10a 
as a mask, SiN stopper layer 5 in the peripheral circuit 
portion is etched back. SiN sideWall spacer 13 is formed to 
expose a top surface of hard mask insulating layer 3 and 
cover both side surfaces of gate electrode 2. Resist 10a is 
thereafter removed. 

[0099] Next referring to FIGS. 15A and B, interlayer 
insulating layer 6 is formed by a method similar to that of the 
?rst embodiment, and a resist 10b is formed thereon. Resist 
10b is provided With openings respectively in the memory 
cell portion and the peripheral circuit portion as shoWn in 
FIGS. 15A and B. 

[0100] Referring to FIGS. 16A and B next, using resist 
10b as a mask, interlayer insulating layer 6 is etched by a 
method similar to that of the ?rst embodiment. A part of a 
surface of SiN stopper layer 5 in the memory cell portion is 
exposed, and a contact hole 14a that penetrates interlayer 
insulating layer 6 and hard mask insulating layer 3 and 
reaches WSi layer 2b is formed in the peripheral circuit 
portion. Since SiN stopper layer 5 is not formed on hard 
mask insulating layer 3 in the peripheral circuit portion, 
contact hole 14a that reaches WSi layer 2b can be provided. 

[0101] Referring to FIGS. 17A and B, SiN stopper layer 
5 and thin SiO2 layer 4 at a bottom portion of opening 7a are 
etched by an etching apparatus that is of a parallel and planar 
type using ?on type gas containing hydrogen. As a result, the 
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main surface of silicon substrate 1 is selectively exposed. In 
the peripheral circuit portion, WSi layer 2b is overetched by 
D1. Using the same mask, contact hole 7 formed in self 
alignment manner in the memory cell portion as Well as 
contact hole 14b formed on gate electrode 2 in the peripheral 
circuit portion are provided. 

[0102] As shoWn in FIG. 18A and B, a concave portion 11 
is formed at the main surface of silicon substrate 1 located 
in the memory cell portion by a method similar to that of the 
second embodiment. The depth of concave portion 11 is 
approximately 5-100 nm. In the peripheral circuit portion, 
WSi layer 2b is overetched by D2. D2 is 20 nm or more, for 
example. Contact hole 14 that reaches doped polysilicon 
layer 2a is thus formed in the peripheral circuit portion. 

[0103] Interconnection layer 9 is thereafter formed in each 
of contact holes 7 and 14. The semiconductor device shoWn 
in FIG. 13 is accordingly obtained through the steps 
described above. 

[0104] In the semiconductor device according to the 
present invention, the SiO2 sideWall spacer is not formed so 
that application of plasma onto the main surface of the 
silicon substrate can be avoided, and the area of the opening 
at the bottom portion of the contact hole formed betWeen the 
gate electrodes can be increased. As a result, generation of 
leakage current in the semiconductor device can be avoided 
and contact resistance betWeen the interconnection layer 
formed in the contact hole and the semiconductor substrate 
can be decreased. A semiconductor device With high per 
formance and high reliability can be obtained accordingly. 

[0105] According to one aspect of the fabrication method 
of a semiconductor device of the present invention, the 
nitride stopper layer is directly formed on the thin insulating 
layer. Since the SiO2 sideWall spacer is not formed, the 
effects as described above can be also obtained. 

[0106] According to another aspect of the fabrication 
method of a semiconductor device of the invention, the ?rst 
contact hole that selectively exposes the main surface in the 
memory cell portion and the second contact hole that 
reaches the second gate electrode in the peripheral circuit 
portion are simultaneously formed using the second mask 
layer. Since the ?rst and second contact holes are formed 
using the same mask, the fabrication process can be simpli 
?ed and the fabrication cost can be decreased. 

[0107] Although the present invention has been described 
and illustrated in detail, it is clearly understood that the same 
is by Way of illustration and example only and is not to be 
taken by Way of limitation, the spirit and scope of the present 
invention being limited only by the terms of the appended 
claims. 

What is claimed is: 
1. A semiconductor device comprising: 

a gate electrode formed on a main surface of a semicon 

ductor substrate; 

a hard mask insulating layer formed on a top surface of 
said gate electrode; 

a thin insulating layer formed to cover a side surface of 
said gate electrode and said hard mask insulating layer; 
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a nitride stopper layer formed directly on said thin insu 
lating layer to extend from a portion on one side surface 
of said gate electrode onto a top surface of said hard 
mask insulating layer; 

a sideWall nitride layer formed directly on said thin 
insulating layer to cover the other side surface of said 
gate electrode; 

an interlayer insulating layer formed to cover said nitride 
stopper layer, having a contact hole that reaches said 
main surface and said sideWall nitride layer; and 

an interconnection layer formed in said contact hole. 
2. The semiconductor device according to claim 1, 

Wherein 

a thickness of said hard mask insulating layer is 120 nm 
or more. 

3. The semiconductor device according to claim 1, 
Wherein 

a height of said sideWall nitride layer in a direction 
perpendicular to said main surface is larger than a 
thickness of said gate electrode in said direction per 
pendicular to said main surface by 20 nm or more. 

4. The semiconductor device according to claim 1, 
Wherein 

a concave portion is formed at said main surface in the 
vicinity of said sideWall nitride layer, and 

a part of said interconnection layer ?lls the inside of said 
concave portion. 

5. The semiconductor device according to claim 1, 
Wherein 

an upper part of the other side surface of said gate 
electrode is recessed from a side surface of said hard 
mask insulating layer into said gate electrode. 

6. The semiconductor device according to claim 1, 
Wherein 

said semiconductor device has a memory cell portion and 
a peripheral circuit portion, 

said gate electrode is arranged in said memory cell 
portion, 

another gate electrode having a metal silicide portion at its 
upper part is formed in said peripheral circuit portion, 

another hard mask insulating layer is formed on a top 
surface of said another gate electrode, 

another thin insulating layer is formed to cover a side 
surface of said another gate electrode and said another 
hard mask insulating layer, 

a pair of another sideWall nitride layers is directly formed 
on said another thin insulating layer to cover both side 
surfaces of said another gate electrode, 

said interlayer insulating layer extends on said another 
hard mask insulating layer to be in contact With a top 
surface of said another hard mask insulating layer, 

another contact hole is formed to penetrate said interlayer 
insulating layer, said another hard mask insulating 
layer, and said metal silicide portion, and have its 
bottom surface in said another gate electrode, and 
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another interconnection layer is formed in said another 
contact hole to be electrically connected to said another 
gate electrode. 

7. A method of fabricating a semiconductor device, com 
prising the steps of: 

forming a gate electrode on a main surface of a semicon 
ductor substrate; 

forming a hard mask insulating layer on a top surface of 
said gate electrode; 

forming a thin insulating layer to cover said gate electrode 
and said hard mask insulating layer; 

forming a nitride stopper layer directly on said thin 
insulating layer; 

forming an interlayer insulating layer to cover said nitride 
stopper layer; 

forming a contact hole that reaches said main surface and 
forming a sideWall nitride layer on a side surface of said 
gate electrode by etching said interlayer insulating 
layer, said nitride stopper layer, and said thin insulating 
layer successively; and 

forming an interconnection layer in said contact hole. 
8. The method of fabricating a semiconductor device 

according to claim 7, Wherein 

said step of forming said contact hole includes a step of 
forming a concave portion by isotropically etching said 
main surface Which is exposed, and 

said step of forming said interconnection layer includes a 
step of forming said interconnection layer to ?ll said 
concave portion. 

9. The method of fabricating a semiconductor device 
according to claim 7, Wherein 

said step of forming said hard mask insulating layer 
includes a step of forming said hard mask insulating 
layer to have a thickness of 120 nm or more, and 

said step of forming said sideWall nitride layer includes a 
step of forming said sideWall nitride layer to have a 
height in a direction perpendicular to said main surface 
is larger than a thickness of said gate electrode in said 
direction perpendicular to said main surface by 20 nm 
or more. 

10. The method of fabricating a semiconductor device 
according to claim 7, further comprising a step of recessing 
an upper part of a side surface of said gate electrode from a 
side surface of said hard mask insulating layer into said gate 
electrode by etching the upper part of the side surface of said 
gate electrode after said hard mask insulating layer is 
formed. 

11. A method of fabricating a semiconductor device 
having a memory cell portion and a peripheral circuit 
portion, comprising the steps of: 

forming a ?rst hard mask insulating layer on a main 
surface of a semiconductor substrate located in said 
memory cell portion With a ?rst gate electrode inter 
posed, and forming a second hard mask insulating layer 
on said main surface located in said peripheral circuit 
portion With a second gate electrode interposed; 




