
(19) United States 
US 20090256237A1 

(12) Patent Application Publication (10) Pub. No.: US 2009/0256237 A1 
KOBAYASHI (43) Pub. Date: Oct. 15, 2009 

(54) SEMICONDUCTOR DEVICE, 
MANUFACTURING METHOD THEREOF, 
AND DATA PROCESSING SYSTEM 

(75) Inventor: Hirotaka KOBAYASHI, Tokyo 
(JP) 

Correspondence Address: 
YOUNG & THOMPSON 
209 Madison Street, Suite 500 
ALEXANDRILA, VA 22314 (US) 

(73) Assignee: ELPIDA MEMORY, INC., Tokyo 
(JP) 

(21) Appl. No.: 12/420,307 

(22) Filed: Apr. 8, 2009 

(30) Foreign Application Priority Data 

Apr. 11, 2008 (JP) ................................. 2008-103284 

y sy 

Publication Classification 

(51) Int. Cl. 
H(9 IL 23/3522 (2006.01) 
H(9 IL 27/98 (2006.01) 
H(9 IL 2/768 (2006.01) 

(52) U.S. CI. ... 257/532; 257/773; 438/637; 257/E23.145; 
257/E21.585; 257/E27.084 

(57) ABSTRACT 

A miniaturized semiconductor device is provided by reducing 
the design thickness of a wiring line protecting film covering 
the surface of a wiring layer, and reducing the distance 
between the wiring layer and via plugs formed by a self 
aligning process. Dummy mask layers extending in the same 
layout pattern as the wiring layer is formed above the wiring 
layer covered with a protecting film composed of a cap layer 
and side wall layers. In the self-aligning process for forming 
via plugs ina self-aligned manner with the wiring layer and its 
protecting film, the thickness of the cap layer is reduced and 
the design interval between the via plugs is reduced, whereby 
the miniaturization of the semiconductor device is achieved. 
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SEMICONDUCTOR DEVICE, 
MANUFACTURING METHOD THEREOF, 

AND DATA PROCESSING SYSTEM 

[0001] This application is based upon and claims the ben 
efit of priority from Japanese patent application No. 2008 
103284, filed on Apr. 11, 2008, the disclosure of which is 
incorporated herein in its entirety by reference. 

BACKGROUND OF THE INVENTION 

[0002) 1. Field of the Invention 
[0003] This invention relates to a semiconductor device, a 
manufacturing method thereof, and a data processing system. 
More particularly, this invention relates to a semiconductor 
device having wiring lines the surfaces of which are covered 
with a protecting insulation film, a manufacturing method 
thereof, and a data processing system including such a semi 
conductor device. 
[0004) 2. Description of the Related Art 
[0005] Recent progress in miniaturization of semiconduc 
tor devices has made it difficult to form hole patterns solely 
with photolithography. In cell arrays of a memory product 
such as a DRAM, in particular, a hole pattern having holes 
arranged with minimum pitches must be formed in spaces of 
wiring lines which are arranged also with minimum pitches in 
a wiring layer, without causing short circuit with the wiring 
layer. Therefore, the hole size is reduced significantly, which 
makes it difficult to form the hole pattern only with photoli 
thography. 
[0006] Conventionally, this problem has been solved by 
employing a fine hole pattern formation method in which a 
silicon nitride (SiN) protecting film formed to cover the sur 
face of a wiring layer is used as a mask, and a hole pattern is 
formed by a selective etching using a slit pattern formed 
orthogonally to the protecting film. Using the selective etch 
ing process, an interlayer insulation film is etched with a high 
selection ratio to SiN to form slit grooves corresponding to 
the slit pattern, and the slit grooves are filled with a conductive 
material. Subsequently, excessive conductive material is 
removed by CMP (Chemical-Mechanical Polishing) while 
using, as a stopper, the SiN film covering the surface of the 
wiring layer, whereby the conductive material is divided into 
separate via plugs. 
[0007] According to this method, however, the SiN film 
functioning as a mask is thinned several times, specifically by 
the etching for processing the wiring layer, the etching for 
forming slit grooves, and the polishing by CMP. This makes 
it difficult to leave the SiN film with a sufficient thickness so 
as not to expose the wiring layer ultimately. If the initial 
thickness of the SiN film is increased to ensure the SiN filmis 
left with a sufficient thickness, it becomes difficult to fill the 
narrow spaces between the wiring layers arranged with a 
minimum pitch, with the insulation film. This poses a prob 
lem that the increased thickness of the SiN film for protecting 
the wiring lines hampers the miniaturization of the semicon 
ductor device. 
[0008) Japanese Laid-Open Patent Publication No. 2001 
298082 (Patent Document 1) describes a technique for solv 
ing the problem above. According to Patent Document 1, a 
SiN protecting film covering the surface of a wiring layer 
forming each bit line of a DRAM device is covered with an 
interlayer insulation film, andan etching stopper film made of 
NSG (non-silicon glass) is formed all over the surface of the 

Oct. 15, 2009 

interlayer insulation film. A thick interlayer insulation film 
for accommodating storage nodes is formed on the etching 
stopper film. When etching the interlayer insulation film, the 
etching stopper film prevents the SiN protecting film from 
being etched away, and hence the reduction of the thickness of 
the SiN protecting film can be prevented. When the etching of 
the interlayer insulation film is completed, the etching stopper 
film is then etched. Further, a self-aligning etching is per 
formed on the bit lines, whereby contact holes are formed to 
reach a diffusion layer in the silicon substrate. A Si3N4 film 
for example is used as the etching stopper film. 

SUMMARY 

[0009] According to the method disclosed in Patent Docu 
ment 1 described above, the amount of etching of the SiN 
protecting film covering the surface of the wiring layer is 
decreased during the etching for the formation of contacts for 
connecting between capacitors and underlying nodes. How 
ever, as the miniaturization progresses, the diameter of the 
storage nodes is reduced and the depth thereof is increased 
further. Thus, according to this method in which the etching 
for the formation of capacitors and the etching for the forma 
tion of contacts for connecting the capacitors to underlying 
nodes are performed simultaneously, the aspect ratio during 
the etching is increased significantly, which makes the etch 
ing itself difficult. Moreover, it also becomes difficult to 
achieve alignment and dimensional control for avoiding short 
circuit with other nodes or misalignment relative to the under 
lying connection nodes, causing hampering on miniaturiza 
tion of memory cells. 
[0010] This invention to provide therefore provides a semi 
conductor device suitable for miniaturization, and a manu 
facturing method of such a semiconductor device. 
[0011] This invention provides a semiconductor device 
having: a wiring layer includinga plurality of wiring lines, the 
surface of each of which is covered with an insulation pro 
tecting film, the entire of the wiring layer being covered with 
a first interlayer insulation film; a plurality of dummy insula 
tion films made of a different material from that of the first 
interlayer insulation film, and extending, above the first inter 
layer insulation film, in the same layout as that of the plurality 
of wiring lines; and a conductive plug passing through the 
first interlayer insulation film between two adjacent wiring 
lines of the plurality of wiring lines, the conductive plug being 
formed in self-aligned manner with the two adjacent wiring 
lines and the insulation protecting film corresponding thereto. 
[0012] Another aspect of this invention provides a data 
processing system having a data processor and a memory 
connected to the data processor. In this data processing Sys 
tem, the memory includes: a wiring layer includinga plurality 
ofwiring lines, the surface ofeach ofwhich is covered with an 
insulation protecting film, the entire of the first wiring layer 
being covered with a first interlayer insulation film; a plurality 
of dummy insulation films made of a different material from 
that of the first interlayer insulation film, and extending, 
above the first interlayer insulation film, in the same layout as 
that of the plurality of wiring lines; and a conductive plug 
passing through the first interlayer insulation film between 
two adjacent wiring lines of the plurality of wiring lines, the 
conductive plug being formed in self-aligned manner with the 
two adjacent wiring lines and the insulation protecting film 
corresponding thereto. 
[0013] Still another aspect of this invention provides a 
manufacturing method of a semiconductor device including 
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the steps of: forming a wiring layer including a plurality of 
wiring lines, the surface of each of which is covered with an 
insulation protecting film; forming a first interlayer insulation 
film to cover the wiring layer; forming a dummy insulation 
films extending above the first interlayer insulation film, in 
the same layout as that of the plurality of wiring lines; form 
ing a via hole passing through the first interlayer insulation 
film, in a self-aligned manner with the plurality of wiring 
lines and the insulation protecting film covering the plurality 
of wiring lines; and forming a via plug within the via hole. 
[0014] In exemplary embodiments, a pattern used to etch 
the first interlayer insulation film for formation of contact 
holes and via holes for accommodating conductive plugs is a 
slit pattern extending in an orthogonal direction to the wiring 
layer. Therefore, the misalignment in this direction is pre 
Vented. Further, since the pattern is a line pattern, a sufficient 
photolithographic resolution margin can be ensured easily for 
miniaturization of the semiconductor device, and the opening 
ability for the etching process also can be ensured easily. 
Further, during the slit etching and the CMP for isolation of 
contacts, the insulation protecting films of the wiring lines are 
protected by the dummy insulation films formed above the 
wiring lines in the same layout as the wiring layer. Therefore, 
the reduction of thickness of the insulation protecting films 
can be prevented during these processes. This makes it pos 
sible to ensure a sufficient processing margin when the 
dimensions of and intervals between the wiring lines and the 
conductive plugs are reduced, and makes it easy to miniatur 
ize the internal structure of the semiconductor device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a cross-sectional view showing a semicon 
ductor device according to a first exemplary embodiment of 
this invention; 
[0016) FIG. 2 is a plan view showing a pattern layout of the 
semiconductor device of FIG. 1: 

[0017] FIGS. 3A, 3B, 3C, and 3D are cross-sectional views 
sequentially showing manufacturing steps of the semicon 
ductor device of the first embodiment; 
[0018] FIGS. 4A, 4B, and 4C are cross-sectional views 
sequentially showing manufacturing steps following those 
shown in FIG. 3D: 
[0019] FIGS. 5A is a cross-sectional view showing a semi 
conductor device according to a second exemplary embodi 
ment of this invention; 
[0020] FIG. 5B is a plan view showing a pattern layout of 
the semiconductor device of FIG. 5A; 
[0021) FIG. 6 is a cross-sectional view of a semiconductor 
device where a capacitor is completed according to the sec 
ond exemplary embodiment; 
['0022] FIGS. 7A, 7B, 7C, 7D, and 7E are cross-sectional 
Views sequentially showing manufacturing steps of the semi 
conductor device of the second embodiment; 
[0023] FIG. 8A, 8B, and 8C are cross-sectional views 
sequentially showing manufacturing steps following those 
shown in FIG. 7E; 
[0024] FIG. 9 is a cross-sectional view showing a semicon 
ductor device according to a third exemplary embodiment of 
this invention; 
[0025] FIG. 10 is a plan view showing a pattern layout of 
the semiconductor device of FIG. 9; and 

Oct. 15, 2009 

['0026] FIG. 11 is a block diagram showing a semiconduc 
tor device according to a fourth exemplary embodiment of 
this invention. 

DETAILLED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

['0027] Exemplary embodiments of this invention will be 
described in detail with reference to the accompanying draw 
ings. In all the drawings, like elements are assigned with like 
reference numerals. 
[0028] FIG. 1 is a cross-sectional view showing a semicon 
ductor device according to a first embodiment of this inven 
tion. FIG. 2 shows a pattern layout of this semiconductor 
device. FIG. 1 is a cross-sectional view taken along the line I-I 
of FIG. 2. 
[0029] As shown in FIGS. 1 and 2, a semiconductor device 
10 has a semiconductor substrate 11, first to third wiring 
layers 34, 15 and 35 formed on top of the semiconductor 
substrate 11, first to fourth interlayer insulation films 14a, 14, 
19, and 24 for insulating between these wiring layers, dummy 
mask layers 20 and 21 interposed between the second inter 
layer insulation film 14 and the fourth interlayer insulation 
film 24 and formed above wiring lines of the second wiring 
layer 15, and via plugs 22 for connecting the first wiring layer 
34 and the third wiring layer 35. Each of the via plugs 22 
passes through between two adjacent wiring lines of the sec 
ond wiring layer 15. 
['0030] Each of the wiring lines of the second wiring layer 
15 is provided with a silicon nitride (SiN) protecting film 
including a cap layer 16 and side-wall layers 17 both made of 
SiN films. The surfaces of the wiring lines of the second 
wiring layer 15 are covered with these SiN protecting films. 
The dummy mask layers, formed of a SiN film, cover the 
wiring lines of the second wiring layer 15 from above, and 
have the same pattern layout as the wiring lines, extending 
along the same direction as the wiring lines. Each of the 
dummy mask layers 20, 21 is composed of a central portion 
20 formed at a position where the central portion 20 overlaps 
with the cap layer 16 of the SiN protecting film in plan view, 
and side portions 21 formed at positions where the side por 
tions 21 overlap with the side-wall layers 17 in plan view. 
[0031] As shown in FIG. 2, the wiring lines of the second 
wiring layer 15 and the central portions 20 of the dummy 
mask layers are located on the same layout, while the first 
wiring layer 34 and the third wiring layer 35 are located on the 
same layout. The first wiring layer is connected to the third 
wiring layer by the via plugs 22 not shown in FIG. 2. The 
reference numeral 28 in FIG. 2 indicates a slit pattern used for 
forming a hole pattern for accommodating the via plugs 22, 
and also indicates a slit groove formed in the third insulation 
film 19 by using the slit pattern. 
[0032] In the fabrication of the structure described above, 
according to this embodiment, via holes for accommodating 
the via plugs 22 are formed by etching such that the slit 
grooves 28 are formed in a direction orthogonal to the direc 
tion of the wiring lines of the second wiring layer 15 in a part 
corresponding to the third interlayer insulation film 19 (see 
FIG. 2), while in a part corresponding to the first and second 
interlayer insulation film 14a and 14, the via holes are formed 
as through holes 29 passing through the insulation films. 
Hereinbelow, a pattern including the slit grooves 28 and the 
through holes 29 is referred to as a hole pattern. After forma 
tion of this hole pattern, a conductive material is deposited on 
the entire surface so as to fill the through holes 29 and the slit 
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grooves 28 with the conductive material. Subsequently, the 
deposited conductive material is polished by using a CMP 
process, while using the dummy mask layers 20, 21 formed of 
SiN films as the etching stop layers. The conductive material 
in the slit grooves 28 is removed by the CMP polishing and 
the via plugs are isolated from each other. By this process, the 
via plugs 22 are obtained to connect the wiring lines of the 
first wiring layer 34 to the corresponding wiring lines of the 
third wiring layer 35. 
[0033] In the fabrication of the semiconductor device 10 
according to this embodiment, the slit pattern 28 is employed 
in place of the hole pattern when forming the via holes. This 
makes it possible to improve the photolithography resolution 
in further miniaturized configuration, and to avoid problems 
related to dimensional accuracy or misalignment of the slits in 
their extension direction Further, the dummy mask layers 20 
and 21 having the same layout as that of the second wiring 
layer 15 are formed above the second wiring layer 15 in which 
the wiring lines are arranged at narrow pitch. According to 
this configuration, the dummy mask layers 20 and 21 function 
not only as an etching stopper layer when etching the slit 
pattern 28 for forming the via holes in self-alignment with the 
wiring structure including the second wiring layer 15 and the 
SiN protecting films 16 and 17, but also as a CMP stopper 
layer during the CMP later performed for isolation of the via 
holes. This makes it possible to minimize the reduction of 
thickness of the SiN protecting films 16 and 17 which protect 
the second wiring layer 15 below the dummy mask layers 20 
and 21. In this manner, it is made possible to minimize the 
reduction of the thickness of the SiN protecting film that 
poses the most significant problem in the via opening process, 
in which the opening of the slit and the leveling by the CMP 
are combined, and hence the miniaturization of the semicon 
ductor device is made easier. 

[0034] Referring to FIGS. 3A 3D and FIGS. 4A-4C, a 
process for manufacturing the semiconductor device accord 
ing to the first exemplary embodiment will be described in 
further detail. In these figures, illustration of the structure 
below the first wiring layer, including the semiconductor 
substrate, is omitted. Firstly, a patterned first wiring layer 34 
and a first interlayer insulation film 14a covering the first 
wiring layer 34 are formed above the semiconductor substrate 
(FIG. 3A). Subsequently, a patterned cap layer 16 and a 
second wiring layer 15 are formed thereon. Further, a side 
wall layer 17 is formed on the side walls of the cap layer 16 
and second wiring layer 15 by means of CVD and an etch 
back method to provide, together with the cap layer 16, a SiN 
protecting film for protecting the wiring layer 15 (FIG. 3B). 
[0035] After that, a second interlayer insulation film 14 is 
deposited, and dummy mask layers 20, 21 having the same 
layout pattern as the pattern of the wiring lines of the second 
wiring layer 15 are deposited (FIG. 3C). In the formation of 
the dummy mask layers 20, 21, the central portions 20 are first 
formed by depositing and patterning a SiN film, and then the 
side portions 21 are formed by depositing and etching back a 
SiN film. Subsequently, after a third interlayer insulation film 
19 is deposited, an amorphous carbonand a plasma SiON film 
are deposited as an etching hard mask layer to be used later 
(not shown) and a photoresist pattern (not shown) having the 
pattern of the slit grooves 28 shown in FIG. 2 is formed on the 
hard mask layer. Via holes passing through the third to first 
interlayer insulation films 19, 14, and 14a are formed by using 
this photoresist pattern and the hard mask as patterned, and 
performing etching in self-aligned manner with the dummy 
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mask layers 20, 21 and the second wiring layer 15 including 
the SiN protecting films 16 and 17. An etching process having 
high selectivity to the SiN film is applied to this etching 
process. Via holes passing through the third to first interlayer 
insulation films 19, 14, and 14a are formed by using this 
photoresist pattern and the hard mask layer as a mask, and 
performing etching in self-aligned manner with the dummy 
mask layers 20, 21 and the second wiring layer 15 including 
the SiN protecting films 16 and 17. An etching process having 
high selectivity to the SiN film is applied to this etching 
process. As a result of this etching, a hole pattern 30 is formed, 
consisting of the slit grooves 28 extending orthogonally to the 
wiring lines of the second wiring layer 15 in the third inter 
layer insulation film 19, and through holes 29 passing through 
the second and first interlayer insulation films 14 and 14a 
between two adjacent wiring lines of the second wiring layer 
15 (FIG. 3D). 
[0036] After that, a tungsten (W) layer 22A is deposited on 
the entire surface (FIG. 4A). Subsequently, the W layer 22A 
is polished by CMP with the dummy mask layers 20 and 21 
used as a stopper, whereby via plugs 22 isolated from each 
other are obtained (FIG. 4B). Then, a third wiring layer 35 is 
formed on the polished dummy mask layers 20 and 21 and the 
third interlayer insulation film 19 so that the third wiring layer 
35 is in contact with the top of each of the via plugs 22. 
Subsequently, a fourth interlayer insulation film 24 is depos 
ited on the entire surface (FIG. 4C). 
[0037] In the embodiment described above, any desired 
structure can be employed as the structure below the second 
wiring layer 15. The second wiring layer may be formed as 
gate electrodes, and the first wiring layer may be formed as a 
diffusion layer formed within the semiconductor substrate. 
[0038] FIG. 5A is a cross-sectional view of a semiconduc 
tor device according to a second exemplary embodiment of 
this invention, and FIG. 5B is a plan view of a layout pattern 
of the semiconductor device shown in FIG. 5A. FIG. 5A is a 
cross-sectional view taken along the line V-V of FIG. 5B. 
FIG. 5B shows slit grooves 28 formed during etching. The 
semiconductor device of this embodiment is configured as a 
DRAM device. The DRAM device 10A is formed on a semi 
conductor substrate 11, and the semiconductor substrate 11 
has an active region defined by an insulation film forming an 
element isolation region 12. The DRAM device 10A includes 
first to fifth interlayer insulation films 14a, 14, 18, 19, and 24, 
a first wiring layer forming gate electrodes 26, a second 
wiring layer 15 formed on a second interlayer insulation film 
14 to form bit lines, dummy mask layers 20 and 21 arranged 
ona third interlayer insulation film 18 in correspondence with 
the wiring lines of the second wiring layer 15, landing pads 23 
formed on the dummy mask layers 20 and 21, and capacitors 
having capacitor nodes 25 formed on the landing pads 23. 
[0039] Lower electrodes (contact plugs) 13 are formed on 
the diffusion layer in the active region defined by the element 
isolation regions 12. The lower electrodes 13 and the landing 
pads 23 are connected to each other through the via plugs 22. 
Each of the second wiring layer 15 is formed in a region 
sandwiched between the lower electrode 13 and the landing 
pad 23 in a vertical direction. The via plugs 22 are each 
formed between two adjacent bit lines formed by the second 
wiring layer 15 by means of a self-aligning process. 
[0040] Each of the bit lines formed by the second wiring 
layer 15 is covered with and protected by a cap layer 16 
functioning as a mask during patterning of the wiring lines 
and a side-wall layer 17. The cap layer 16 and the side wall 
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layer 17 togetherform a SiN protecting film for protecting the 
second wiring layer 15. The dummy mask layers are each 
composed of a central portion 20 corresponding to the cap 
layer 16 of the second wiring layer 15, and a side portion 21 
corresponding to the side wall layer 17, and are arranged in 
the same layout pattern as the bit lines. The cap layer 16 and 
the side wall layer17 function as a wiring line protecting layer 
for preventing short circuit between the bit line 15 and the via 
plug 22 when misalignment occurs between the bit line 15 
and the central portion 20 of the dummy mask layer. In FIG. 
5B showing the overall layout of the semiconductor device, 
there are shown gate electrodes 26 extending orthogonally to 
the second wiring layer and source contacts 27 formed 
between the gate electrodes in a self-aligned manner. 
[0041] In the DRAM device 10A of this embodiment, the 
dummy mask layers 20 and 21 having the same layout as the 
layout of the bit lines are formed above the second wiring 
layer 15 forming the bit lines arranged at narrow pitch. This 
configuration makes it possible to prevent the reduction of the 
thickness of the SiN protecting films 16 and 17 protecting the 
bit lines 15 during formation of via holes, which reduction 
poses the most significant problem in the via-opening process 
combining opening of slits and leveling by CMP where the 
via holes are formed in a self-aligned manner with respect to 
the wiring structure including the bit lines 15 and the SiN 
protecting films 16 and 17. Therefore, the design thickness of 
the SiN protecting films 16 and 17 covering the bit lines 15 
can be set to a small value, and hence the design interval 
between the via plugs 22 can also be set to a small value. As 
a result, the miniaturization of the semiconductor device is 
made easier. 

[0042] Referring to FIGS. 7A-7E, and FIGS. 8A-8C, a 
manufacturing process of a DRAM device as a semiconduc 
tor device according to a second exemplary embodiment of 
the invention will be described. First, element isolation (STI) 
regions 12 are formed in a surface part of a semiconductor 
substrate 11 are formed by a conventional technique to divide 
the semiconductor substrate 11 into a plurality of active 
regions (FIG. 7a). Subsequently, a MISFET (not shown) 
includinga source/drain diffusion layeranda gate electrode is 
formed in each of the active regions. Subsequently, a silicon 
oxide film is formed by CVD and planarized by CMP to form 
a first interlayer insulation film 14a. The first interlayer insu 
lation film 14a is then patterned by photolithography and dry 
etching so that a contact hole is formed on the diffusion layer 
in each active region. Polysilicon is deposited on the first 
interlayer insulation film 14a, as well as in the inside of the 
contact holes, and the deposited polysilicon layer is divided 
by CMP to form lower electrodes 13. A further silicon oxide 
film is formed by CVD and planarized by CMP to form a 
second interlayer insulation film 14 (FIG. 7B). 
[0043] After that, a tungsten (W) film and a SiN film are 
deposited by CVD or the like, and then bit lines 15 and a cap 
layer 16 are formed by photolithography and dry etching. 
Further, a SiN film is deposited by CVD and side wall layers 
17 are formed by etching back the SiN film. As a result, a 
second wiring layer 15 formed of bit lines, the surfaces of 
which are protected by the SiN protecting film, is obtained 
(FIG. 7C). Subsequently, a silicon oxide film is formed on the 
second wiring layer 15 by CVD or the like and planarized by 
CMP, whereby a third interlayer insulation film 18 is formed. 
[0044] A SiN film is then deposited by CVD or the like, and 
subjected to photolithography and dry etching to form central 
portions 20 of dummy mask layers. The central portions 20 
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are patterned in the same layout patternas that of the bit lines 
15. Subsequently, a SiN film is deposited by CVD or the like, 
and etched back to form side portions 21 of the dummy mask 
layers (FIG. 7ID). Asilicon oxide film is then formed by CVD 
or the like and planarized by CMP, whereby a fourth inter 
layer insulation film 19 is formed. Amorphous carbon and a 
plasma SiON film are deposited thereon as a hard mask layer 
to be used later for dry etching (not shown), and then the 
fourth to second interlayer insulation films 19, 18, and 14 are 
etched by photolithography and dry etching. During this etch 
ing process, the photoresist mask having the pattern of the slit 
grooves 28 as shown in FIG. 5B and the hard mask so pat 
terned as to have the same pattern of the photoresist are used 
as the etching mask, and the fourth to second interlayer insu 
lation films 19, 18, and 14 are patterned with a high selection 
ratio for the Si?. This process provides a hole pattern 30 
composed of the slit grooves 28 formed in the fourth inter 
layer insulation film 19 and the through holes 29 formed in the 
second and third interlayer insulation films (FIG. 7E). As a 
result, the top of each of the lower electrodes 13 is opened. 
[0045] Subsequently, a tungsten layer 22A is deposited on 
the entire surface as well as within the hole pattern 30 includ 
ing the slit grooves 28 and the through holes 29 (FIG. 8A). 
Further, the tungsten layer 22A is polished by CMP with the 
dummy mask layers 20 and 21 used as a stopper, so that the 
tungsten layer is removed from the inside of the slit grooves 
28 to thereby form via plugs 22 isolated from each other (FIG. 
8B). A tungsten film is then formed by CVD and subjected to 
photolithography and dry etching to form landing pads 23. 
After that, a conventional DRAM capacitor formation pro 
cess is performed to form a fifth interlayer insulation film 24 
for accommodating capacitors, and capacitor nodes 25 (FIG. 
8C). After that, a dielectric film 37of tantalum oxide or the 
like and upper electrode, or cell plate, 37 are formed by 
employing a well-known process to fabricate capacitors 39, 
and to complete a DRAM device as shown in FIG. 6. 
[0046] FIG. 9 is a cross-sectional view showing a semicon 
ductor device according to a third exemplary embodiment of 
this invention. Like FIG. 2 and so on, FIG. 10 shows a layout 
pattern of the semiconductor device of this third embodiment, 
FIG. 9 is a cross-sectional view taken along the line IX-IX of 
FIG. 10. 

[0047] The semiconductor device according to the third 
embodiment relates to a case in which the configuration of 
this invention is applied to a logic circuit. In the logic circuit, 
a first wiring layers 31, a second wiring layer 15 and a third 
wiring layer 32 are illustrated. These wiring layers may be 
formed of a material such as tungsten, aluminum, or copper. 
The semiconductor device 10B is manufactured by a process 
as described below. Firstly, element isolation regions 12 are 
formed to define active regions on a semiconductor substrate 
11 by a STI process used in a conventional manufacturing 
process of semiconductor devices. Then, a MISFET (not 
shown) having a source/drain diffusion layer and a gate elec 
trode is formed in each of the active regions. Subsequently, a 
silicon oxide film is formed by CVD or the like and planarized 
by CMP to thereby forma first interlayer insulation film 14a. 
[0048] In the next step, photolithography and dry etching 
are performed to form contact holes on the diffusion layer in 
the active regions. Subsequently, these contact holes are filled 
with tungsten by CVD or the like, and the tungsten on the first 
interlayer insulation film 14a is removed by using CMP or the 
like, whereby contact plugs 13 are formed. Then, a tungsten 
film is formed by CVD or the like, and subjected to photoli 
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thography and dry etching so that a first wiring layer 31 is 
formed. A silicon oxide film is then formed by CVD or the 
like and planarized by CMP to form a second interlayer 
insulation film 14. 

[0049] In the next step, tungsten and SiN films are depos 
ited by CVD or the like, and subjected to photolithography 
and dry etching to form a second wiring layer 15 and a cap 
layer 16 formed of the SiN film. Subsequently, a SiN film is 
deposited by CVD or the like, and etched back to form side 
wall layers 17. A silicon oxide film is then formed by CVD or 
the like and planarized by CMP to thereby form a third inter 
layer insulation film 18. A SiN film is then deposited by CVD 
or the like and Subjected to photolithography and dry etching 
to thereby form central portions 20 of dummy mask layers. 
The central portions 20 of the dummy mask layers are formed 
in exactly the same layout patternas that of the second wiring 
layer 15. Subsequently, a SiN film is deposited by CVD or the 
like, and etched back to form side portions 21 of the dummy 
mask layers. 
[0050] In the next step, a silicon oxide film is formed by 
CVD or the like and planarized by CMP to thereby form a 
fourth interlayer insulation film 19. Amorphous carbon and a 
plasma SiON film are deposited on the fourth interlayer insu 
lation film 19 as a hard mask layer to be used later for dry 
etching (not shown). Photolithography and dry etching are 
then performed so that a hole pattern including through holes 
29 and a slit pattern 28 arranged orthogonally to the second 
wiring layer 15 and the dummy mask layers 20 and 21 is 
formed in the fourth to second insulation films 19, 18, and 14. 
An etching process having a high selectivity to SiN is 
employed for this dry etching. The dummy mask layers 20 
and 21, the cap layer 16, and the side-wall layers 17 serve as 
a mask during the dry etching, and the hole pattern including 
the slit pattern 28 is formed by a self-aligning process. 
[0051] Subsequently, the cavities of the hole pattern includ 
ing those of the slit patternare filled with tungsten by CVD or 
the like. A CMP process is then performed with the use of the 
dummy mask layers 20 and 21 as a stopper, so that the tung 
sten in the through holes 29 is isolated from each other to form 
via plugs 22. 
[0052] Next, an aluminum film is formed and subjected to 
photolithography and dry etching to thereby form a third 
wiring layer 32. A silicon oxide film is then formed by CVD 
or the like and planarized by CMP to thereby form a fifth 
interlayer insulation film 24. As a result, a semiconductor 
device 10B forming a logic circuit as shown in FIG. 9 is 
obtained. 

[0053] According to this third exemplary embodiment 
relating to a logic circuit for use in a semiconductor product, 
via plugs can be formed in a self-aligned manner in narrow 
spaces between signal wiring lines formed in a wiring layer 
and arranged at a narrow interval without causing short circuit 
with the wiring lines. This makes it possible to connect 
between signal wiring lines in upper and lower layers formed 
to sandwich the wiring layer with a narrow space. This con 
figuration enables the signal lines to be connected in a Variety 
of ways, and thus makes it possible to reduce the layout area. 
[0054] In the embodiment described above, the wiring lay 
ers and the via plugs may be formed of any other conductive 
material such as copper. Further, when forming the hole pat 
tern including the slit pattern by the self-aligning process, the 
material to be used is not limited to the SiN used in the 
embodiment above. During the dry etching and the CMP 
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process, any insulation film may be employed as the stopper 
film, as long as it has a lower etching rate and a lower polish 
ing rate than an oxide film. 
[0055] In a conventional method, the thickness of a protect 
ing film for protecting wiring layers has to be determined in 
view of possible reduction of the thickness in all the pro 
cesses, including processing of wiring layers, opening of via 
holes, and CMP. According to the third exemplary embodi 
ment of the invention, in contrast, the thickness can substan 
tially be determined by only taking into consideration the 
reduction offilm thickness during the patterning of the wiring 
layers. This makes it possible to set the design pitch for 
arranging the via plugs formed in the via holes to a smaller 
Value, and hence to further increase the integration density of 
the semiconductor device. Further, the configuration of this 
invention can be applied to a wiring configuration in a logic 
circuit of a semiconductor product, whereby the signal lines 
can be connected in a greater variety of ways, and hence the 
layout area in the logic circuit can be reduced. 
[0056] FIG. 11 is a block diagram showing a fourth exem 
plary embodiment of this invention. The fourth embodiment 
provides a data processing system includinga semiconductor 
storage device (DRAM) according to the second embodi 
ment. A data processing system 100 includes a CPU (Central 
Processing Unit) 110, a semiconductor storage device 120, a 
storage device 140 other than the semiconductor storage 
device, an input/output device 150. Although the CPU 110 is 
connected to the semiconductor storage device 120 through a 
system bus 130 in FIG. 11, they may be connected to each 
other through a local bus instead of the system bus 130. 
Although only one system bus 130 is shown for the sake of 
simplicity of illustration, it actually includes a plurality of 
buses, which are connected in series or in parallel by means of 
a connector or the like as required. As shown in FIG. 11, if 
necessary, the storage device 140 other than the semiconduc 
tor storage device of the second embodiment and the input/ 
output device 150 may be connected to the system bus 130. 
[0057] The input/output device 150 may be a display device 
such as a liquid crystal display. The storage device 140 other 
than the semiconductor storage device may be a hard disk or 
an MO drive. However, the fourth embodiment of this inven 
tion is not limited to these. The input/output device 150 may 
be either one of input and output devices. The semiconductor 
storage device 120 is for example a RAM (Random Access 
Memory) or a ROM (Read Only Memory), and is more spe 
cifically, a DRAM such as a SRAM (Static Random-Access 
Memory), a SDRAM (Synchronous Dynamic Random-Ac 
cess-Memory), a DDR-SDRAM (Double Data Rate 
Synchronous Dynamic Random-Access-Memory), a DDR2 
SDRAM (Double Data Rate 2 Synchronous Dynamic Ran 
dom-Access-Memory), or a DDR3-SDRAM (Double Data 
Rate 3 Synchronous Dynamic Random-Access-Memory), or 
a storage medium formed by a semiconductor element such 
as a flash memory. Although only one each of the components 
of the system is shown in FIG. 11 for the sake of simplifica 
tion, the numbers of the components are not limited to this, 
but the numbers of all or any of the components may be a 
plurality. 
[0058] In addition to a DRAM, the semiconductor device of 
this invention may be, for example, a semiconductor storage 
device having a memory function such as NAND-type flash 
memory, a semiconductor device having a logic function such 



US 2009/0256237 A1 

as a microprocessor, and a semiconductor device for forming 
an arbitrary system having two or more such semiconductor 
devices. 
[0059] In the exemplary embodiments of this invention, a 
slit pattern is used, in place of a hole pattern, during the 
self-aligning etching process for forming contact holes, 
whereby the resolution can be improved in miniaturized pho 
tolithography, and the problems relating to dimensional accu 
racy or misalignment of the slits in their extension direction 
can be avoided. The depth of the slits also can be determined, 
only taking into consideration the formation of contacts, and 
thus the aspect ratio in etching can be minimized. Further, it 
is made possible to ensure the SiN protecting film to be left 
with a sufficient thickness, by providing the dummy insula 
tion films for functioning as a mask during CMP for isolation 
of the slits, separately from the insulation protecting films for 
covering the wiring lines. These features enable miniaturiza 
tion of configuration of the semiconductor device. 
[0060] Although the invention has been described with ref 
erence to specific and exemplary embodiments thereof, this 
invention is not limited to these embodiments and modifica 
tions thereof. It will be understood by those skilled in the art 
that various other changes and modifications may be made 
without departing from the scope and the spirit of the inven 
tion as defined in the appended claims. 

What is claimed is: 
1. A semiconductor device comprising: 
a wiring layer including a plurality of wiring lines, the 

Surface of each of which is covered with an insulation 
protecting film, the entire of the wiring layer being coV 
ered with an interlayer insulation film; 

a plurality of dummy insulation films made of a different 
material from that of the first interlayer insulation film, 
and extending, above the first interlayer insulation film, 
in the same layout as that of the plurality of wiring lines; 
and 

a conductive plug passing through the interlayer insulation 
film between two adjacent wiring lines of the plurality of 
wiring lines, the conductive plug being formed in self 
aligned manner with the two adjacent wiring lines and 
the insulation protecting film corresponding thereto. 

2. The semiconductor device as claimed in claim 1, 
wherein the conductive plug is formed in a self-aligned man 
ner with two adjacent dummy insulation films formed above 
the two adjacent wiring lines. 

3. The semiconductor device as claimed in claim 1, 
wherein the insulation protecting film is made of a silicon 
nitride film, and the first interlayer insulation film is made of 
a silicon oxide film. 

4. The semiconductor device as claimed in claim 2, 
wherein the insulation protecting film is made of a silicon 
nitride film, and the interlayer insulation film is made of a 
silicon oxide film. 

5. The semiconductor device as claimed in claim 1, 
wherein the semiconductor device is formed as a DRAM 
device. 

6. The semiconductor device as claimed in claim 2, 
wherein the semiconductor device is formed as a DRAM 
device. 

7. The semiconductor device as claimed in claim 6, 
wherein the plug connects a landing pad formed in an upper 
wiring layer and a lower electrode formed in a lower wiring 
layer; and wherein an capacitoris formed on the landing pad. 
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8. The semiconductor device as claimed in claim 2, 
wherein the semiconductor device is formed as a logic circuit. 

9. The semiconductor device as claimed in claim 8, 
wherein the plug connects a signal wiring line formed in an 
upper wiring layer and a signal wiring line formed in a lower 
wiring layer. 

10. The semiconductor device as claimed in claim 2, 
wherein the semiconductor device is formed as a combination 
device having both a DRAM circuit and a logic circuit. 

11. The semiconductor device as claimed in claim 1, 
wherein the insulation protecting film includes a cap layer 
covering the top of each of the plurality of wiring lines and 
side wall layers covering the sides of each of the plurality of 
wiring lines, and the plurality of dummy insulation films each 
include a central portion extending above the cap layer, and 
side portions extending above the side wall layers. 

12. The semiconductor device as claimed in claim 2, 
wherein the insulation protecting film includes a cap layer 
covering the top of each of the plurality of wiring lines and 
side wall layers covering the sides of each of the plurality of 
wiring lines, and the plurality of dummy insulation films each 
include a central portion extending above the cap layer, and 
side portions extending above the side wall layers. 

13. The semiconductor device as claimed in claim 1, fur 
ther comprising an upper interlayer insulation film for cover 
ing the dummy insulation films, wherein a capacitor con 
nected to the conductive plug is formed within the second 
interlayer insulation film. 

14. The semiconductor device as claimed in claim 2, fur 
ther comprising an upper interlayer insulation film for cover 
ing the dummy insulation films, wherein a capacitor con 
nected to the conductive plug is formed within the second 
interlayer insulation film. 

15. A data processing system having a data processor and a 
memory connected to the data processor, wherein the 
memory comprises: 

a wiring layer including a plurality of wiring lines the 
Surface of each of which is covered with an insulation 
protecting film, the entire of the wiring layer being coV 
ered with a first interlayer insulation film; 

a plurality of dummy insulation films made of a different 
material from that of the first interlayer insulation film, 
and extending, above the first interlayer insulation film, 
in the same layout as that of the plurality of wiring lines; 
and 

a conductive plug passing through the first interlayer insu 
lation film between two adjacent wiring lines of the 
plurality of wiring lines, the conductive plug being 
formed in self-aligned manner with the two adjacent 
wiring lines and the insulation protecting film corre 
sponding thereto. 

16. A manufacturing method of a semiconductor device 
comprising: 

forming a wiring layer including a plurality of wiring lines, 
the Surface of each of which is covered with an insula 
tion protecting film; 

forming an interlayer insulation film to cover the wiring 
layer; 

forming dummy insulation films extending above the inter 
layer insulation film, in the same layout as that of the 
plurality of wiring lines; 
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forming a via hole passing through the interlayer insulation 
film, ina self-aligned manner with the plurality of wiring 
lines and the insulation protecting film covering the 
plurality of wiring lines; and 

forming a via plug within the Via hole. 
17. The manufacturing method of a semiconductor device 

as claimed in claim 16, wherein the forming a via hole 
includes forming the via hole in a self-aligned manner with 
two adjacent dummy insulation films formed above the two 
adjacent wiring lines. 

Oct. 15, 2009 

18. The manufacturing method of a semiconductor device 
as claimed in claim 16, wherein the forming a via hole 
includes forming a resist mask on an upper interlayer insula 
tion film formed to cover the dummy insulation films, the 
resist mask having a slit pattern extending Vertically to the 
direction along which the layout pattern extends, and etching 
the upper interlayer insulation film and the interlayer insula 
tion film with the use of the resist mask. 

3 3 3 3 3 


