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(57) ABSTRACT 

The present invention intends to provide a semiconductor 
device capable of realizing a thin gate stack and the manu 
facturing method thereof. A gate cap layer and/or a protec 
tion insulating ?lm (an etching stopper) has a plurality of 
insulating materials such as oxide and nitride stacked on 
each other. With this structure, an insulating layer having an 
etching rate loWer than that of the interlayer insulating layer, 
for example, can be exposed during the etching of the 
interlayer insulating layer, and the gate stack can be formed 
thin and the aspect ratio of the contact hole formed in the 
device can be reduced. The present invention can realize a 
thin gate stack in such a manner, and thus is suitable for a 
SAC used in a DRAM. 
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SEMICONDUCTOR DEVICE WITH A THIN GATE 
STACK HAVING A PLURALITY OF INSULATING 

LAYERS 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to a semiconductor device 
having a multilayer structure (hereinafter referred to as “a 
stack structure”) and attaining high integration density, 
particularly, to a semiconductor device Wherein the aspect 
ratio of a contact hole or the like, Which electrically connects 
the stacked layers in the stack structure can be reduced, 
thereby can be highly integrated, and the manufacturing 
method thereof. 

[0002] The integration density of the semiconductor 
device such as a DRAM (Dynamic Random Access 
Memory) Which requires to be highly integrated is increased 
by reducing the design rule. To form such a device, the 
self-alignment technique is Widely employed, With Which 
?ne devices can be formed, irrelevant to the precision in the 
mask-alignment in the photolithography process. 

[0003] The self-alignment technique is classi?ed into vari 
ous types. SAC, the self-alignment contact is one of the 
self-alignment techniques, Which is necessary to form a 
256M DRAM. With use of the SAC, contact holes are 
formed on the surface of the semiconductor layer, as 
designed. The SAC is a technique for obtaining a desired 
etching selectivity by forming an etching stopper on a gate 
electrode before forming an interlayer insulating ?lm, 
thereby improving the margin to compensate the alignment 
error in the photolithography process. 

[0004] FIGS. 1A-1H shoW the steps of the manufacturing 
process of the 256M DRAM, in accordance With the present 
POR (Process Of Record). 

[0005] As shoWn in FIG. 1A, a thin gate oXide ?lm 2 is 
formed on a silicon substrate 1, at ?rst. Then, as shoWn in 
FIG. 1B, material of a gate electrode, i.e., a polycrystalline 
silicon (hereinafter referred to as “poly-Si”) layer 3 of 100 
nm thick and a tungsten silicon (hereinafter referred to as 
“WSi”) layer 4 of 55 nm thick are stacked on the gate oXide 
?lm 2, and a silicon nitride (SiN) layer 5 having a 160 nm 
thickness as an insulating gate cap layer is further stacked 
thereon by the CVD technique. 

[0006] Thereafter, by the photolithography technique and 
the RIE (Reactive Ion Etching), for eXample, the SiN layer 
5, the WSi layer 4, and the poly-Si layer 3 are etched 
selectively at a portion so as to eXpose the gate oXide ?lm 2, 
as shoWn in FIG. 1C, thereby a gate electrode is obtained. 
Subsequently, a post oXide ?lm (not shoWn) is formed on 
side Walls of the WSi layer 4 and the poly-Si layer 3 by the 
thermal oxidation technique or the like. Next, impurity such 
as arsenic is implanted in the silicon substrate 1 by the ion 
implantation technique, for eXample, through the gate oXide 
?lm 2 in order to form a drain (or source) diffusion layer 6 
on the surface of the silicon substrate 1. 

[0007] Subsequently, a SiN layer 7 having a 40 nm thick 
ness is deposited as an etching stopper on the SiN layer 5 or 
side Walls of the SiN layer 5, the WSi layer 4 and the poly-Si 
layer 3, and the gate oXide ?lm 2 by the CVD technique, as 
shoWn in FIG. 1D. Then, a SiO2 layer 8 as an interlayer 
insulating ?lm is deposited on the SiN layer 7, as shoWn in 
FIG. 1E. 
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[0008] In this time, as shoWn in FIG. 1F, 21 photoresist 
layer 9 having a contact hole region is formed above the gate 
electrode by selectively depositing photoresist at a position 
substantially corresponding to that of the gate electrode. By 
depositing the photoresist in this manner, the contact hole 
region can be surely located in the photoresist layer 9, even 
if the photoresist layer 9 is formed to shift a little from a 
desired position. 

[0009] Thereafter, the SiO2 layer 8 eXposed at the bottom 
of the opening portion of the contact hole region in the 
photoresist layer 9 is removed by the RIE technique, as 
shoWn in FIG. 1G. In this time, the SiN layer 7 is also 
etched at the upper corners of the gate electrode, With the 
SiN layer 5 also etched by about 10 nm at the upper corners. 

[0010] After etching the SiO2 layer 8, the SiN ?lm 7 eXist 
at the bottom of the contact hole region is etched by the RIE 
technique, as shoWn in FIG. 1H. In this time, the SiN layer 
5 is also etched by about 100 nm to leave the 50 nm thick 
SiN layer above the gate oXide ?lm 2 at the ends of the gate 
electrode. 

[0011] Then, the eXposed portion of the gate oXide ?lm 2 
and the photoresist layer 9 are removed, and a drain (or 
source) electrode is formed to contact With the surface of the 
eXposed portion of the silicon substrate 1. In this manner, a 
MOS transistor applicable to a DRAM is obtained. Acapaci 
tor suitable to the desired type of the DRAM is then formed, 
and the desired DRAM is obtained. 

[0012] The thickness of 50 nm of the SiN layer 5 located 
at the corners of the gate electrode shoWn in FIG. 1H, is the 
minimum thickness for preventing the leakage current Which 
may ?oW from the conductive electrode ?lling the contact 
hole to the gate electrode. The minimum thickness is 50 nm 
noW although the minimum thickness may be reduced to 
almost 20 nm in the device in the neXt generation. 

[0013] As described above, in order to leave the 50 nm 
thick SiN layer after etching the SiO2 layer 8 and the SiN 
?lm 7, a 160 nm thick SiN layer 5 needs to be formed at ?rst. 

[0014] Such a thick SiN layer 5, hoWever, Will increase the 
aspect ratio of the contact hole region arranged betWeen the 
gate electrodes having a multilayer structure (hereinafter 
referred to also as “gate stac ”), Which makes it dif?cult to 
?ll the contact hole With the SiO2 layer 8 and to etch the SiO2 
layer 8. 

[0015] Accordingly, the gate stack needs to be formed thin 
in height in vieW of the reduction of the aspect ratio of the 
contact hole region and the integration density of such a 
device required to be so highly integrated as the 256M 
DRAM or the device in the neXt generation, Which has a 
?ner pattern than the 256M DRAM. 

[0016] In order to obtain such a thin gate stack, hoWever, 
the ?lled oXide (the SiO2 layer 8) needs to be etched With 
remarkably high etching selectivity in comparing With that 
of the nitride at the upper corners of the gate stack. 

BRIEF SUMMARY OF THE INVENTION 

[0017] The object of the present invention is to provide a 
semiconductor device capable of increasing the etching 
selectivity and reducing the aspect ratio of the contact hole 
arranged betWeen multilayered elements, thereby increasing 
the integration density, and the manufacturing method 
thereof. 
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[0018] The present invention is mainly characterized in 
that multilayered elements and the element to be etched are 
located on the same substrate, and the element to be etched 
is etched With high etching selectivity by exposing an 
etching stopper layer Which is exist in the multilayered 
elements and has a loW etching rate. 

[0019] Further, according to the present invention, the 
thickness of the etching stopper can be reduced by forming 
the etching stopper to reduce the etching rate thereof, and 
thus the total thickness of the multilayered elements can be 
reduced, as a result. The self-alignment technique is not 
alWays essential to obtain the object of the present invention, 
but preferable to be employed in vieW of the improvement 
of the reliability. When the present invention is applied to a 
DRAM, the aspect ratio of the contact hole arranged 
betWeen the gate stacks can be reduced, thereby the DRAM 
can obtain high integration density. Needless to say, it is 
understood that the present invention can be applied not only 
to the DRAM, but also the other device having such a 
multilayered structure. 

[0020] In order to obtain the object of the present inven 
tion, the semiconductor device of the present invention is 
constituted as described beloW. 

[0021] According to the ?rst aspect of the present inven 
tion, the semiconductor device of the present invention 
comprises: a substrate; a gate insulating ?lm selectively 
formed on the substrate; a gate electrode formed on the gate 
insulating ?lm; a gate cap layer formed on the gate elec 
trode; a protective insulating ?lm (etching stopper) formed 
on the gate cap layer and side Walls of the gate electrode; and 
a source and drain diffusion layer formed on the surface of 
the substrate to be contact With a channel forming region 
formed beloW the gate electrode. 

[0022] According to the second aspect of the present 
invention, the manufacturing method of the semiconductor 
device of the present invention comprises the steps of: 
forming a gate electrode on a gate insulating ?lm selectively 
formed on a substrate; forming a gate cap layer on the gate 
electrode; forming a diffusion layer at the substrate With use 
of the gate cap layer as a mask; forming a protective 
insulating ?lm on the substrate so as to cover the gate cap 
layer and the gate electrode; forming an interlayer insulating 
?lm on the protective insulating ?lm; forming an opening to 
be aligned With the gate electrode in a self-aligned manner 
by etching a part of the interlayer insulating ?lm and a part 
of the protective insulating ?lm in order to expose the 
surface of the substrate at the bottom of the opening; and 
forming a Wiring layer electrically connected to the exposed 
surface of the substrate. 

[0023] According to the ?rst and second aspects of the 
present invention, the gate cap layer and/or the protective 
insulating ?lm comprise a plurality of materials Which are 
different from each other and stacked on each other. 

[0024] More speci?cally, the protective insulating ?lm 
may comprise a nitride layer formed on the gate cap layer 
and the side Wall of the gate electrode, and a silicon layer 
formed on the nitride layer. 

[0025] Similarly, the gate cap layer may comprise a nitride 
layer formed on the gate electrode, and an oxide layer 
formed on the nitride layer. 
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[0026] With the above-mentioned constitution, the present 
invention has the folloWing effects and advantages; 

[0027] According to the present invention, When the pro 
tective insulating ?lm has the multilayered structure, the 
insulating layer having a loWer etching rate than that of the 
interlayer insulating layer can be exposed during the etching 
of the interlayer insulating layer. The exposed insulating 
layer With the loWer etching rate protects the gate stack from 
the etching, and the gate stack can be formed thin and the 
aspect ratio of the contact hole can be reduced. The reduc 
tion of the aspect ratio of the contact hole enables the 
integration density of the device increase. 

[0028] When the gate cap layer has the multilayered 
structure, the insulating layer having a loWer etching rate 
than that of the protective insulating layer can be exposed 
during the etching of the protective insulating layer at the 
bottom of the opening. The exposed insulating ?lm protects 
the gate stack similarly to the above-mentioned case, and 
thus the gate stack can be formed thin, and the aspect ratio 
of the contact hole can be reduced. The reduction of the 
aspect ratio increases the integration density of the device, 
as described before. 

[0029] When both of the protective insulating ?lm and the 
gate cap layer have the multilayered structure, both have the 
above-mentioned advantages, and thus the gate stack can be 
formed thinner than those of the above-mentioned cases. 
The aspect ratio of the contact hole can be reduced more 
than the above-mentioned cases, and thus the integration 
density can be increased more. 

[0030] Additional objects and advantages of the present 
invention Will be set forth in the description Which folloWs, 
and in part Will be obvious from the description, or may be 
learned by practice of the present invention. 

[0031] The objects and advantages of the present inven 
tion may be realiZed and obtained by means of the instru 
mentalities and combinations particularly pointed out in the 
appended claims. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF DRAWING 

[0032] The accompanying draWings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrated 
presently preferred embodiments of the present invention 
and, together With the general description given above and 
the detailed description of the preferred embodiments given 
beloW, serve to explain the principles of the present inven 
tion. 

[0033] FIGS. 1A-1H are sectional vieWs of a DRAM 
employing the conventional SAC technique, Which shoW 
each step of the manufacturing process of a DRAM. 

[0034] FIG. 2 is a sectional vieW shoWing a part of a 
semiconductor device according to the ?rst embodiment of 
the present invention. 

[0035] FIGS. 3A-3F are sectional vieWs of the semicon 
ductor device according to the ?rst embodiment of the 
present invention, Which shoW each step of the manufactur 
ing process. 

[0036] FIGS. 4 and 5 are sectional vieWs of a DRAM 
incorporating a MOS transistor according to the ?rst 
embodiment of the present invention. 
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[0037] FIG. 6 is a sectional vieW showing a part of a 
semiconductor device according to the second embodiment 
of the present invention. 

[0038] FIGS. 7A-7G are sectional vieWs of the semicon 
ductor device according to the second embodiment of the 
present invention, Which shoW each step of the manufactur 
ing process of a semiconductor device. 

[0039] FIG. 8 is a sectional vieW shoWing a part of the 
semiconductor device according to the third embodiment of 
the present invention. 

[0040] FIGS. 9A-9G are sectional vieWs of the semicon 
ductor device according to the third embodiment of the 
present invention, Which shoW each step of the manufactur 
ing process of the semiconductor device. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0041] The embodiment of the present invention Will be 
described beloW With reference to the draWings. 

[0042] FIG. 2 is a sectional vieW shoWing a part of a 
semiconductor device according to the ?rst embodiment of 
the present invention. The reference numerals designating 
the elements shoWn in FIGS. 1A-1H are also used in FIG. 
2, and the detailed description of the elements Will be 
omitted here. Only the elements not shoWn in FIGS. 1A-1H 
Will be described beloW. The second and third embodiments 
Will be described in the same manner. 

[0043] The semiconductor device according to the ?rst 
embodiment has a gate oXide ?lm 2, a poly-Si layer 3, a WSi 
layer 4, a SiN layer 5, a multilayer stopper 10, and a SiO2 
layer 8, Which are selectively formed on a silicon substrate 
1. The multilayer stopper 10 is formed also on the side Walls 
of the poly-Si layer 3, the WSi layer 4, and the SiN layer 5. 

[0044] On the surface of the silicon substrate 1 betWeen 
gate electrodes formed on the silicon substrate in such a 
manner, a drain (or source) diffusion layer 6 is formed. The 
drain (or source) diffusion layer 6 contacts With a Wiring 
layer. 

[0045] As is clear from the above, this semiconductor 
device has the multilayer stopper 10 Which is not provided 
to the conventional device, on the SiN layer 5 as a gate cap 
?lm, and on the side Walls of the poly-Si layer 3 and WSi 
layer 4 Which function as the gate electrode. 

[0046] The multilayer stopper 10 includes insulating 
materials Which are different from each other and stacked 
each other. The loWer one of the stacked insulating materials 
has a loWer etching rate than that of the oXide Which Will be 
etched to form a contact hole. 

[0047] More speci?cally, the multilayer stopper 10 has a 
stacked structure including a SiN layer 10a having a 20 nm 
thickness on the SiN layer 5 and on the side Wall of the gate 
electrode, and an amorphous silicon (otSi) layer 10b having 
a 10 nm thickness formed on the SiN layer 10a. The ratio of 
the etching rates of the amorphous silicon, SiN, and the 
oXide (the SiO2 layer 8) during the etching of the SiO2 layer 
8 is represented as folloWs: 
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[0048] The ratio of the etching rates during the etching of 
the SiN layer 10b as the nitride in the multilayer stopper 10 
is represented as folloWs: 

SiO2:SiN:oLSi=O.5:1:1 (2) 
[0049] The manufacturing process of the semiconductor 
device having the above-mentioned structure Will be 
described neXt With reference to FIGS. 3A-3F. 

[0050] At ?rst, the poly-Si layer 3, the WSi layer 4, and the 
SiN layer 5 are deposited in order, selectively on the gate 
oXide ?lm 2 formed on the surface of the silicon substrate 1, 
as shoWn in FIG. 3A. Similarly, the drain or source diffusion 
layer 6 is formed selectively at the surface of the silicon 
substrate 1. These steps are performed in the same manner 
as that of the conventional method. 

[0051] Subsequently, as shoWn in FIG. 3B, the multilayer 
stopper 10 including the SiN layer 10a of 20 nm thick and 
the amorphous silicon layer 10b of 10 nm thick is deposited 
on the SiN layer 5 or side Walls of the SiN layers 5, the WSi 
layer 4 and the poly-Si layer 3, and the gate oXide ?lm 2 by 
the CVD technique. 

[0052] Thereafter, as shoWn in FIGS. 3C and 3D, the 
SiO2 layer 8 and a photoresist layer 9 are also deposited on 
the multilayer stopper 10 in the same manner, in order. 

[0053] NeXt, a part of the SiO2 layer 8, the surface of 
Which is eXposed in the opening formed in the photoresist 
layer 9 is etched by the RIE technique, as shoWn in FIG. 3E. 
In this time, the amorphous layer 10b at the upper corners of 
the gate electrode and the SiN layer 10a stacked beloW the 
amorphous layer 10b are also etched, With the SiN layer 5 
beloW these layers etched by about 10 nm. 

[0054] The multilayer stopper 10 is formed to be thinner 
than that of the conventional SiN layer 7. HoWever, the 
amorphous silicon layer 10b having the etching rate tWice 
loWer than that of the nitride is eXposed at the upper corners 
of the gate electrode, and thus the etching depth of the SiN 
layer 5 at the corners of the gate cap can be maintained as 
in the conventional device Without the eXcess etching, even 
though the multilayer stopper 10 has a small thickness. 

[0055] NeXt, as shoWn in FIG. 3F, the amorphous layer 
10b and the SiN layer 10a of the multilayer stopper 10 are 
etched at the same etching rate in the RIE process at the 
bottom of a contact hole region. In this time, the SiN layer 
5 at the corner of the gate electrode is etched by a 100 nm 
depth, and a 50 nm thick SiN layer 5 is remained. 

[0056] The eXposed gate oXide ?lm 2 and the photoresist 
layer 9 are then removed. Subsequently, an amorphous 
silicon layer as a conductor is oXidiZed by the annealing 
technique to be turned into an insulator. 

[0057] Thereafter, a Wiring layer 11 as a drain (or source) 
electrode is formed as shoWn in FIG. 2 to be contact With 
the source/drain region at the eXposed surface of the silicon 
substrate 1, thereby a MOS transistor applicable to a DRAM 
is obtained. The MOS transistor is, as shoWn in FIG. 4 or 5, 
incorporated into the DRAM in a suitable manner to the type 
of the DRAM. 

[0058] FIG. 4 is a sectional vieW of a stack-type DRAM 
incorporating the above-mentioned MOS transistor. In this 
DRAM, the MOS transistor is connected to a plate electrode 
14 located in the upper portion of the DRAM through a N 
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type diffusion layer 6a on the surface of the substrate 1, a 
Wiring connection layer 12, and a capacitor 13. Similarly, 
FIG. 5 shoWs a sectional vieW of a DRAM having a 
substrate plate type trench, having the MOS transistor. In 
this DRAM, the MOS transistor is connected to an N-type 
Well layer (plate electrode 18) through an N type diffusion 
layer 6a on the surface of the substrate 1, a buried electrode 
16 in a trench 15, and a capacitor 17 on the sideWall of the 
trench. 

[0059] As described before, according to the present 
invention, the amorphous silicon layer 10b having the etch 
ing rate loWer than that of the SiO2 layer 8 is eXposed during 
the etching of the SiO2 layer 8 as the interlayer insulating 
layer, and thus the gate stack can be formed thin in height 
since the amorphous silicon protects the gate stack, resulting 
in the reduction in the aspect ratio of the contact hole. 

[0060] The gate stack according to the ?rst embodiment of 
the present invention is thinner than the conventional one by 
10 nm in height, and each of the etching stopper on the 
sideWalls of the gate stack is thinner than the conventional 
one by 10 nm. When the intervals of the gate electrodes is 
200 nm, the aspect ratio of the contact hole according to the 
present invention is represented by the division of the height 
of the gate stack by the inner diameter of the contact hole, 
i.e., 345/140z246, Which is quite less than the conventional 
one as 355/120z296. The reduction rate of the aspect ratio 
can be estimated also in the embodiments to be described 
beloW. The reduction in the aspect ratio realiZes the high 
integration density of the device. 

[0061] FIG. 6 is a sectional vieW shoWing a part of a 
semiconductor device according to the second embodiment 
of the present invention. The semiconductor device accord 
ing to the second embodiment is provided With a multilay 
ered gate cap 20 Which includes a SiN layer 21 having a 
thickness of 50 nm, an oXide ?lm 22 having a thickness of 
50 nm, and a SiN layer 23 having a thickness of 10 nm on 
a WSi layer 4, instead of a SiN layer 5 having a thickness of 
160 nm in the conventional device shoWn in FIG. 1H. The 
multilayered gate cap 20 having such a fabrication is thinner 
than the conventional gate cap SiN layer 5 by 50 nm. 

[0062] In addition, the device of the second embodiment 
has a drain (or source) diffusion layer 6 formed in the surface 
of the silicon substrate 1 at a position betWeen the gate 
electrodes, and a Wiring layer 11 is formed to contact With 
the drain diffusion layer 6. 

[0063] The multilayered gate cap 20 includes the stacked 
structure of the insulating materials different from each 
other, and has the insulating material (SiO2) arranged in the 
midst of the stacked structure has an etching rate loWer than 
that of the nitride Which Will be etched. 

[0064] The manufacturing method of the above-men 
tioned semiconductor device Will be described beloW. 

[0065] As shoWn in FIG. 7A, the poly-Si layer 3, the WSi 
layer 4, the SiN layer 21 having a thickness of 50 nm, the 
oXide ?lm 22 having a thickness of 50 nm, and the SiN layer 
23 having a thickness of 10 nm are deposited on the gate 
oXide ?lm 2 on the surface of the silicon substrate 1, in order. 

[0066] Subsequently, as shoWn in FIG. 7B, the selective 
etching is performed by the photolithography and the RIE 
methods from the SiN layer 23 to the poly-Si layer 3, so as 
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to eXpose the gate oXide ?lm 2, thereby obtain a gate 
electrode, similarly to the ?rst embodiment. Then, a post 
oXide ?lm (not shoWn) is formed on the side Walls of the 
WSi layer 4 and the poly-Si layer 3. Thereafter, a drain (or 
source) diffusion layer 6 is formed in the surface of the 
substrate by the ion implantation method. 

[0067] Next, a SiN layer 7 having a thickness of 40 nm is 
deposited on the SiN layer 23 or side Walls of the SiN layer 
23, the oXide ?lm 22, the SiN layer 21, the WSi layer 4 and 
the poly-Si layer 3, and the gate oXide ?lm 2 by the CVD 
method, as shoWn in FIG. 7C. As shoWn in FIGS. 7D and 
7E, a SiO2 layer 8 and a photoresist layer 9 are then formed 
on the SiN layer 7, in order. 

[0068] Subsequently, the SiO2 layer 8 eXposed at the 
bottom of the opening in the photoresist layer 9 is etched by 
the RIE method, as shoWn in FIG. 7F. In this time, the SiN 
layer 7 at the upper corners of the gate electrode is etched 
together With the SiN layer 23 etched by about 10 nm. 

[0069] Next, as shoWn in FIG. 7G, the SiN layer 7 as a 
multilayer stopper is etched by the RIE method. During the 
etching of the SiN layer 7, the oXide ?lm 22 having the 
etching rate tWice loWer than nitride is eXposed at the upper 
corner of the gate electrode. With the eXposed oXide ?lm 22, 
the total thickness of the gate cap can be reduced by 50 nm 
in comparing With the conventional one. Further, in etching 
the SiN layer 7, the oXide ?lm 22 at the upper corner of the 
gate electrode is etched by about 50 nm, and thus the SiN 
layer 21 of a 50 nm thickness is left not etched though the 
oXide ?lm is totally etched. 

[0070] The eXposed gate oXide ?lm 2 and the photoresist 
layer 9 are then removed. Subsequently, an amorphous 
silicon layer as a conductor is oXidiZed by annealing to be 
turned into an insulator. 

[0071] NeXt, a drain (or source) electrode is formed to be 
contact With the eXposed surface of the silicon substrate 1, 
thereby a MOS transistor applicable to a DRAM as shoWn 
in FIG. 6 is obtained. Similarly to the ?rst embodiment, the 
MOS transistor is incorporated into the DRAM in a suitable 
manner to the type to the DRAM, as shoWn in FIG. 4 or 5. 

[0072] According to the second embodiment, in the device 
With the gate cap layer having the multilayered structure, the 
oXide ?lm 22 in the multilayered gate cap 20 Which has the 
etching rate loWer than that of the SiN layer 7 is eXposed 
during the etching of the SiN layer 7 located at the bottom 
of the contact hole, as described before. It means that the 
gate stack can be formed thin, and the reduced aspect ratio 
and the high integration density can be attained. 

[0073] FIG. 8 is a sectional vieW shoWing a part of a 
semiconductor device according to the third embodiment of 
the present invention. The semiconductor device according 
to the third embodiment is the combination of the semicon 
ductor devices according to the ?rst and second embodi 
ments. As shoWn in FIG. 8, a multilayered gate cap 20a 
Which includes a SiN layer 21 having a thickness of 50 nm, 
and an oXide ?lm 22 located above and having a thickness 
of 50 nm is formed on a WSi layer 4. The multilayered gate 
cap has a thickness of 100 nm and thus is 60 nm thinner than 
the conventional gate cap (SiN layer 5), and 10 nm thinner 
than the gate cap 5 of the ?rst embodiment. 

[0074] The oXide ?lm 22 of the multilayered gate cap 20a 
is provided thereon With a multilayer stopper 10 including a 
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SiN layer 10a of 20 nm thick and an amorphous silicon layer 
10b of 10 nm thick formed on the SiN layer 10a. On the 
amorphous silicon layer 10b of the multilayer stopper 10 is 
provided With a SiO2 layer 8 thereon. The multilayer stopper 
10 is provided also to the sideWalls of the poly-Si layer 3, the 
WSi layer 4, and the SiN layer 21. 

[0075] The multilayered gate cap 20a is located immedi 
ately under the amorphous silicon layer 10a having an 
etching rate loWer than that of the oxide layer 22 during the 
etching of the oxide layer 22, and thus does not have the 10 
nm thick SiN layer 23 Which is provided to the device of the 
second embodiment. 

[0076] The manufacturing method of the above-men 
tioned semiconductor device Will be described beloW, With 
reference to FIGS. 9A-9G. 

[0077] As shoWn in FIG. 9A, the poly-Si layer 3, the WSi 
layer 4, the SiN layer 21 having a thickness of 50 nm, and 
the oxide ?lm 22 having a thickness of 50 nm are deposited 
on the gate oxide ?lm 2 on the surface of the silicon substrate 
1, in order. 

[0078] Subsequently, as shoWn in FIG. 9B, a gate elec 
trode is obtained by performing the selective etching 
employing the photolithography and the RIE methods in the 
region from the oxide ?lm 22 to the poly-Si layer 3 so as to 
expose the gate oxide ?lm 2. Apost oxide ?lm (not shoWn) 
is formed on the side Walls of the WSi layer 4 and the 
poly-Si layer 3. Thereafter, a drain (or source) diffusion layer 
6 is formed in the surface of the substrate by the ion 
implantation method. 

[0079] As shoWn in FIG. 9C, a multilayer stopper includ 
ing a SiN layer 10a of 20 nm thick and an amorphous silicon 
layer 10b of 10 nm thick is deposited on the oxide ?lm 22 
and the gate oxide ?lm 2 at the bottom of a contact hole. 

[0080] Then, similarly to the above-mentioned embodi 
ments, a SiO2 layer 8 and a photoresist layer 9 are formed on 
the multilayer stopper 10 in order, as shoWn in FIGS. 9D 
and 9E. 

[0081] Subsequently, the SiO2 layer 8 exposed in the 
opening in the photoresist layer 9 is etched by the RIE 
method, as shoWn in FIG. 9F. In this time, the amorphous 
silicon layer 10b at the upper corners of the gate electrode 
and the SiN layer 10a located therebeloW are etched, With 
about 5 nm of the oxide ?lm 22 etched. 

[0082] Next, as shoWn in FIG. 9G, the SiN layer 10a of 
the multilayer stopper 10 at the bottom of the contact hole 
region is etched by the RIE method. During the etching of 
the SiN layer 10a, the oxide ?lm 22 having the etching rate 
tWice loWer than that of nitride is exposed at the upper 
corners of the gate electrode. By exposing this exposed 
oxide ?lm 22 in such a manner, the gate cap can be formed 
to reduce the total thickness thereof by 60 nm in comparing 
With the conventional one. The oxide ?lm 22 is etched at the 
upper corners of the gate electrode by about 50 nm during 
the etching of the SiN layer 10a, thereby the SiN layer 21 of 
50 nm thick is left not etched. 

[0083] Subsequently, the exposed gate oxide ?lm 2 and the 
photoresist layer 9 are removed. An amorphous silicon layer 
10b as a conductor is then oxidiZed by the annealing 
technique to be turned into an insulator. 
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[0084] Thereafter, a drain (or source) electrode is formed 
to be contact With the exposed surface of the silicon sub 
strate 1, thereby a MOS transistor applicable to a DRAM as 
shoWn in FIG. 8 is obtained. Similarly to the above 
mentioned embodiments, the MOS transistor is incorporated 
into the DRAM in a suitable manner to the type of the 
DRAM, as shoWn in FIG. 4 or 5. 

[0085] As described above, the device according to the 
third embodiment has the structures of the devices of the ?rst 
and second embodiments, and thus enjoys the effects Which 
can be inferred from the devices of the ?rst and second 
embodiments. More speci?cally, the gate stack of the third 
embodiment can be formed thinner than the ?rst and second 
embodiments. Further, the aspect ratio of the contact hole 
region can be reduced more, and thus higher integration 
density can be attained in comparing With not only the 
conventional one, but also the ?rst and second embodiments. 

[0086] Additional advantages and modi?cations Will 
readily occur to those skilled in the art. Therefore, the 
present invention in its broader aspects is not limited to the 
speci?c details, representative devices, and illustrated 
examples shoWn and described herein. Accordingly, various 
modi?cations may be made Without departing from the 
spirits or scope of the general inventive concept as de?ned 
by the appended claims and their equivalents. 

1. A semiconductor device comprising: 

a substrate; 

a gate oxide ?lm formed selectively on the substrate; 

a gate electrode formed on the gate oxide ?lm; 

a gate cap layer formed on the gate electrode; 

a protection insulating ?lm formed on the gate cap layer 
and sideWalls of the gate electrode, the protection 
insulating ?lm comprising a plurality of insulating 
?lms; and 

a diffusion layer formed on a surface of the substrate so 
as to contact With a channel forming region formed 
beloW the gate electrode. 

2. A semiconductor device according to claim 1, Wherein 
the protection insulating ?lm has a nitride layer formed on 
the gate cap layer and a silicon layer formed on the nitride 
layer. 

3. A semiconductor device comprising 

a substrate; 

a gate oxide ?lm formed selectively on the substrate; 

a gate electrode formed on the gate oxide ?lm; 

a gate cap layer formed on the gate electrode, the gate cap 
layer including a plurality of insulating layers; 

a protection insulating ?lm formed on the gate cap layer 
and the sideWalls of the gate electrode; and 

a diffusion layer formed on a surface of the substrate so 
as to contact With a channel forming region formed 
beloW the gate electrode. 

4. A semiconductor device according to claim 3, Wherein 
the gate cap layer has a nitride layer formed on the gate 
electrode and an oxide layer formed on the nitride layer. 
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5. A semiconductor device comprising: 

a substrate; 

a gate oxide ?lm formed selectively on the substrate; 

a gate electrode formed on the gate oXide ?lm; 

a gate cap layer formed on the gate electrode, the gate cap 
layer including a plurality of insulating layers; 

a protection insulating ?lm formed on the gate cap layer 
and sideWalls of the gate electrode, the protection 
insulating ?lm including a plurality of insulating lay 
ers; and 

a diffusion layer formed on a surface of the substrate so 
as to contact With a channel forming region formed 
beloW the gate electrode. 

6. A semiconductor device according to claim 5, Wherein 
the protection insulating ?lm has a nitride layer formed on 
the gate cap layer and a silicon layer formed on the nitride 
layer, and the gate cap layer has a nitride layer formed on the 
gate electrode and an oXide layer formed on the nitride layer. 

7. A manufacturing method of a semiconductor device, 
comprising the steps of: 

forming a gate electrode on a gate oXide ?lm formed on 

a substrate; 

forming a gate cap layer on the gate electrode; 

forming a diffusion layer on a surface of the substrate With 
use of the gate cap layer as a mask; 

forming a protection insulating ?lm including a plurality 
of insulating ?lms on the substrate so as to cover the 

gate cap layer and the gate electrode; 

forming an interlayer insulating layer on the protection 
insulating ?lm; 

etching the interlayer insulating layer and the protection 
insulating ?lm so as to form an opening at the gate 
electrode in a self-aligned manner, thereby to eXpose 
the surface of the substrate at a bottom of the opening; 
and 

forming a Wiring layer connected to the eXposed surface 
of the substrate. 

8. A manufacturing method of a semiconductor device 
according to claim 7, Wherein the protection insulating ?lm 
has a nitride layer formed on the substrate and a silicon layer 
formed on the nitride layer. 

9. A manufacturing method of a semiconductor device, 
comprising the steps of: 

forming a gate electrode on a gate oXide ?lm formed on 

a substrate; 
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forming a gate cap layer including a plurality of insulating 
layers on the gate electrode; 

forming a diffusion layer on a surface of the substrate With 
use of the gate cap layer as a mask; 

forming a protection insulating ?lm on the substrate so as 
to cover the gate cap layer and the gate electrode; 

forming an interlayer insulating layer on the protection 
insulating ?lm; 

etching the interlayer insulating layer and the protection 
insulating ?lm to form an opening at the gate electrode 
in a self-aligned manner, thereby to eXpose the surface 
of the substrate at a bottom of the opening; and 

forming a Wiring layer connected to the eXposed surface 
of the substrate. 

10. A manufacturing method of a semiconductor device 
according to claim 9, Wherein the gate cap layer has a nitride 
layer formed on the gate electrode and an oXide layer formed 
on the nitride layer. 

11. A manufacturing method of a semiconductor device, 
comprising the steps of: 

forming a gate electrode on a gate oXide ?lm formed on 

a substrate; 

forming a gate cap layer including a plurality of insulating 
layers on the gate electrode; 

forming a diffusion layer on a surface of the substrate With 
use of the gate cap layer as a mask; 

forming a protection insulating ?lm including a plurality 
of insulating ?lms on the substrate so as to cover the 

gate cap layer and the gate electrode; 

forming an interlayer insulating layer on the protection 
insulating ?lm; 

etching the interlayer insulating layer and the protection 
insulating ?lm to form an opening at the gate electrode 
in a self-aligned manner, thereby to eXpose the surface 
of the substrate at a bottom of the opening; and 

forming a Wiring layer connected to the eXposed surface 
of the substrate. 

12. A manufacturing method of a semiconductor device 
according to claim 11, Wherein the protection insulating ?lm 
has a nitride layer formed on the gate cap layer and a silicon 
layer formed on the nitride layer, and the gate cap layer has 
a nitride layer formed on the gate electrode and an oXide 
layer formed on the nitride layer. 


