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(57) ABSTRACT 

A Steplike offset between a memory cell array region and a 
peripheral circuit region, which is caused by a capacitor C, 
is reduced by an insulating film having a thickneSS Substan 
tially equal to the height of the capacitor C. Wiring or 
interconnection grooves are defined in the neighborhood of 
the Surface of an insulating film whose Surface is flattened by 
a CMP method. Further, connecting holes are defined in 
lower portions of the bottom faces of the interconnection 
grooves respectively. Second layer interconnections con 
taining copper are formed within the interconnection 
grooves, and connecting portions containing copper are 
formed within the connecting holes. The Second layer inter 
connections and first layer interconnections are connected to 
each other by the connecting portions whose lengths are 
Shortened. The Second layer interconnections and the con 
necting portions are integrally formed by a damascene 
method using the CMP method. 
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SEMCONDUCTOR INTEGRATED CIRCUIT 
DEVICE 

0001. This application is a Divisional application of Ser. 
No. 09/209,013, filed Dec. 11, 1998. 

BACKGROUND OF THE INVENTION 

0002 The present invention relates to a semiconductor 
integrated circuit device and a manufacturing technique 
therefor; and, more particularly, the invention relates to a 
technique which is effective for application to a DRAM or 
a Semiconductor integrated circuit device, wherein the 
DRAM and a logic circuit, Such as a logical control circuit 
or an arithmetic logic circuit or the like, are placed on one 
Semiconductor Substrate in mixed form. 

0.003 Memory cells of a DRAM are generally placed at 
points where a plurality of word lines and a plurality of bit 
lines interSect on a principal Surface of a Semiconductor 
Substrate in matrix form. Each memory cell comprises one 
memory cell selection MISFET (Metal Insulator Semicon 
ductor Field Effect Transistor) and one information storage 
capacitive element (capacitor) electrically connected in 
series therewith. The memory cell selection MISFET is 
formed within an active region whose periphery is Sur 
rounded by a device Separation region, and principally 
comprises a gate oxide film, a gate electrode constructed 
integrally with each word line, and a pair of Semiconductor 
regions constituting a Source and a drain. Each bit line is 
placed in an upper portion of the memory cell Selection 
MISFET and is electrically connected to one of the Source 
and drain shared between two adjacent memory cell Selec 
tion MISFETs in an extending direction thereof. The infor 
mation Storage capacitive element is Similarly placed in the 
upper portion of the memory cell selection MISFET and is 
electrically connected to the other of the Source and drain. 
0004 ADRAM described in Japanese Patent Application 
Laid-Open No. Hei 7-7084 has been devised to provide a 
lower electrode (storage electrode) of each capacitor in a 
cylindrical form having an opening defined thereabove 
thereby to increase its Surface area. Further, a capacitive 
insulating film is formed on the lower electrode and an upper 
electrode (plate electrode) is formed over the capacitive 
insulating film. 
0005. In a capacitor having such a lower electrode of 
cylindrical shape, a Steplike offset or difference in level 
corresponding to the height of the capacitor occurs between 
a memory cell array region and a region other than a 
peripheral circuit region or the like. 
0006 If such a steplike offset exists, it is then difficult to 
adjust the exposure focus upon patterning an interconnection 
layer formed after the formation of the capacitor. As a result, 
fine wiring patterns cannot be obtained. With developments 
in miniaturization of a Semiconductor integrated circuit 
device, the Storage capacitive value required per unit area 
has increased and, therefore, the height of the capacitor has 
further increased. On the other hand, allowable margin 
values for adjustment of the exposure focus become increas 
ingly more Strict due to the miniaturization of each wiring 
pattern. 

0007 Japanese Patent Application Laid-Open No. Hei 
4-10651 (corresponding U.S. Pat. No. 5,218,219) discloses 
a DRAM wherein in order to reduce the steplike offset 
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between the aforementioned memory cell array region and 
peripheral circuit region, grooves are defined in an insulat 
ing film and capacitors are formed along inner walls of the 
grOOVeS. 

SUMMARY OF THE INVENTION 

0008. In the aforementioned DRAM, however, an insu 
lating film having a thickneSS equal to the height of each 
capacitor is left within a region other than the memory cell 
array region. In the micro-fabricated DRAM, there may be 
cases in which the thickness of the insulating film reaches 1 
tim in terms of the need for increasing the height of the 
capacitor to ensure its Storage capacity. Therefore, when a 
first layer interconnection formed before a capacitor forming 
process is connected to a Second layer interconnection 
formed after the formation of the capacitor, it is necessary to 
define each connecting-hole in the thick insulating film 
having a thickness equal to the height of the capacitor, So 
that the aspect ratio (corresponding to the depth of the 
connecting hole relative to the open diameter of the con 
necting hole) of the connecting hole increases. Namely, even 
if the first layer interconnection and the Second layer inter 
connection are connected to one another by a plug, they are 
inevitably connected to one another by a plug, having a high 
aspect ratio. Thus, the yield might be reduced because a plug 
having Such a high aspect ratio is formed. Further, the 
connecting hole reaches a Substrate in an etching proceSS for 
the formation of the connecting hole, So that the Second layer 
interconnection and the Substrate are short-circuited. 

0009. In a semiconductor integrated circuit device in 
which a DRAM and a logic circuit, Such as a logical control 
circuit or a logic circuit or the like, are placed on a Single 
Semiconductor Substrate in mixed form, the logic circuit part 
has a configuration in which a first layer interconnection and 
a Second layer interconnection are connected by a plug 
having a high aspect ratio in a manner Similar to a peripheral 
circuit of the DRAM. If the interconnections are connected 
by the plug having Such a high aspect ratio, then the 
resistance thereof interferes with the performance, Such as a 
quick response or the like of the logic circuit. 
0010 Incidentally, Japanese Patent Application Laid 
Open No. Hei 9-92794 discloses a method of simultaneously 
forming capacitor-forming concave portions and plug-form 
ing grooves in an insulating film to reduce a Steplike offset 
and Simplify a process for processing Storage electrodes. 
However, the disclosed method has a problem in that, when 
an interconnection (Second layer interconnection) is formed 
after the formation of each capacitor, a CMP method cannot 
be used. When a lower electrode of the capacitor is formed 
Simultaneously with the Second layer interconnection of a 
peripheral circuit according to the features described in this 
publication, a capacitive insulating film of the capacitor is 
formed after a process for forming the Second layer inter 
connection. When the capacitive insulating film is composed 
of an oxide metal, Such as a tantalum oxide or the like, in 
order to obtain an increase in the Stored charge of the 
capacitor, it is necessary inevitably to perform a heat treating 
process at a high temperature. A metal material, Such as 
low-resistance copper or aluminum or the like, used for the 
Second layer interconnection cannot be adopted from the 
viewpoint of thermal diffusibility and softening. 
0011. An object of the present invention is to improve the 
reliability of connection between a first layer interconnec 
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tion and a Second layer interconnection placed with a thick 
insulating film having a thickness equal to the height of each 
capacitor interposed therebetween in a Semiconductor inte 
grated circuit device having memory cells containing 
capacitive elements. 
0012 Another object of the present invention is to reduce 
the resistance of a hole portion for connection between the 
first layer interconnection and the Second layer interconnec 
tion. 

0013 A further object of the present invention is to 
reduce the resistance of interconnections of a Second or 
Subsequent layer interconnection. 
0.014) A still further object of the present invention is to 
provide a technique which is capable of performing a 
proceSS for forming a Second layer interconnection Subse 
quently to a process for forming a capacitor requiring a high 
heat treating proceSS and for using even a material which has 
a large thermal diffusion coefficient in the Second layer 
interconnection. 

0.015. A still further object of the present invention is to 
improve the quickness of response of a peripheral circuit or 
logic circuit formed on the same substrate as a DRAM 
having memory cells. 

0016. The above and other objects, and novel features of 
the present invention will become apparent from the descrip 
tion provided in the present Specification and from the 
accompanying drawings. 

0017 Summaries of typical aspects of the invention 
disclosed in the present application will be described in brief 
as follows. 

0018 (1) A semiconductor integrated circuit device 
according to the present invention comprises memory cell 
selection MISFETs formed in a memory cell array region on 
a semiconductor Substrate, peripheral circuit MISFETs 
formed in a peripheral circuit region around the memory cell 
array region, a first interlayer insulating film for covering the 
memory cell selection MISFETs and the peripheral circuit 
MISFETS, bit lines formed over the first interlayer insulat 
ing film lying in the memory cell array region, at least one 
information Storage capacitive element provided with a 
lower electrode electrically connected to one Source-to-drain 
region of each memory cell selection MISFET, and a second 
interlayer insulating film including a first portion formed in 
the same layer as that for the information Storage capacitive 
element and for reducing or eliminating a Steplike offset 
between the memory cell array region and the peripheral 
circuit region, the offset being caused by the height of the 
information Storage capacitive element, and a Second por 
tion for covering the information Storage capacitive element, 
and wherein the Surface of the Second interlayer insulating 
film is flattened and wiring or interconnection grooves are 
defined in the vicinity of the Surface thereof, and intercon 
nections having Surfaces within the same plane as the 
Surface thereof are formed inside the wiring grooves. 
0.019 Further, the semiconductor integrated circuit 
device according to the present invention has a logic circuit 
region with logic circuit MISFETs constituting an arithmetic 
circuit or another logic circuit formed therein in addition to 
the memory cell array region and peripheral circuit region of 
the Semiconductor integrated circuit device. Even in the case 
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of the Second interlayer insulating film in the logic circuit 
region, the Surface thereof is flattened and wiring intercon 
nection grooves are defined in the vicinity of the Surface 
thereof. Interconnections having Surfaces within the same 
plane as the Surface of the Second interlayer insulating film 
are respectively formed inside the interconnection grooves. 
0020. According to such a semiconductor integrated cir 
cuit device, Since the Surface of the Second interlayer insu 
lating film is flattened, a Steplike offset caused by the 
information Storage capacitive element is not formed 
between the memory cell array region and other regions. 
Unfocusing of exposure light, which will be produced when 
Such a Steplike offset exists, is not developed. Therefore, the 
patterning of the interconnections or the like formed over the 
Second interlayer insulating film can be performed precisely. 
Thus, fine interconnections or the like can be formed So as 
to cope with high integration and high performance of the 
Semiconductor integrated circuit device. 
0021 However, if the surface of the second interlayer 
insulating film is flattened in this way, then the thickness of 
the Second interlayer insulating film in the peripheral circuit 
region or logic circuit region is made thick by an amount 
corresponding to the Steplike offset. It is further necessary to 
process, with a high aspect ratio, each connecting hole for 
connecting interconnections formed on a Second interlayer 
insulating film and members placed therebelow in the case 
of the prior art in which no countermeasures are taken 
thereagainst. This point is as described above. 
0022. In accordance with the present invention, however, 
the Surface of the Second interlayer insulating film is flat 
tened and the wiring grooves are defined in the vicinity of 
the Surface thereof. Further, interconnections having Sur 
faces within the same plane as the Surface of the Second 
interlayer insulating film are formed in the interconnection 
grooves respectively. Therefore, the distance between each 
member below the Second interlayer insulating film and the 
bottom of each interconnection becomes short and hence the 
length of a connecting portion for connecting each intercon 
nection and the member to each other can be shortened. 
Thus, the length of a connecting hole for forming each 
connecting portion is shortened to make its processing easy, 
and the occurrence of a failure in processing is restrained, So 
that the Semiconductor integrated circuit device can be 
improved in manufacturing yield and reliability. Further, 
Since the length of the connecting portion becomes short, the 
resistance of the connecting portion is lowered and hence the 
resistance for connection between each interconnection and 
the member is reduced, whereby the performance, Such as 
quick response or the like, of the Semiconductor integrated 
circuit device can be improved. 
0023. Further, the interconnections can be formed within 
the peripheral circuit region alone, or the peripheral circuit 
region and logic circuit region alone without being formed 
within the memory cell array region. Thus, the resistance 
values of each interconnection and connecting portion in the 
peripheral circuit region or logic circuit region can be 
reduced So as to improve the quickness of response of the 
peripheral circuit and the logic circuit. In particular, an 
improvement in the quickness of response of the logic 
circuit portion exerts a direct influence on an improvement 
in operation Speed and the like, and an improvement in the 
performance of the Semiconductor integrated circuit device 
as it is and is also of importance thereto. 
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0024. The bottom face of each interconnection can be 
placed below the upper Surface of the information Storage 
capacitive element. By placing the bottom face of the 
interconnection below the upper Surface of the information 
Storage capacitive element in this way, the length of each 
connecting portion connected to the member placed in a 
portion below the bottom face thereof as seen from the 
bottom face of the interconnection can be made shorter. 
Since the Shortening of the length of each connecting portion 
contributes to improvements in yield and reliability of the 
Semiconductor integrated circuit device and an improvement 
in the performance thereof as described above, the further 
Shortening of the length thereof means that the above 
described effect can be developed more pronouncedly. 
0.025 Further, each of the first layer interconnections 
each composed of the same material as each bit line is 
formed over the first interlayer insulating film in the periph 
eral circuit region, or the peripheral circuit region and logic 
circuit region. Each interconnection can be provided as a 
Second layer interconnection formed at the upper portion of 
the first layer interconnection. Thus, the formation of the 
first layer interconnection of the same material as a bit line 
over the first interlayer insulating film makes it possible to 
make the process for forming the first layer interconnection 
identical to the process for forming each bit line and thereby 
to simplify the processes. By forming the interconnection as 
the Second layer interconnection and forming each lower 
member connected to the Second layer interconnection as the 
first layer interconnection, the length between the Second 
layer interconnection and the first layer interconnection, i.e., 
the length of the connecting portion can be shortened. It is 
thus possible to more remarkably achieve improvements in 
manufacturing yield and reliability owing to the facilitation 
of a proceSS for forming each connecting hole, a reduction 
in Series resistance owing to the Shortening of the length of 
each connecting portion, and an improvement in the perfor 
mance of the Semiconductor integrated circuit device based 
on it. 

0026 Incidentally, the interconnection (or second layer 
interconnection) and the connecting portion are formed in 
their corresponding wiring or interconnection groove and 
connecting hole. They can be formed as an integral one. 
Namely, the connecting hole can be defined in a portion 
below the interconnection groove, and the interconnection 
or the Second layer interconnection can be regarded as being 
connected to each peripheral circuit MISFET, each logic 
circuit MISFET or the first layer interconnection through the 
connecting portion formed integrally with the interconnec 
tion or the Second layer interconnection inside the connect 
ing hole. The above-described interconnection and connect 
ing portion can be formed by a So-called damascene method 
(dual damascene method for integrally forming the inter 
connection and the connecting portion in particular) as will 
be described later. 

0027) Further, the interconnection and its connecting 
portion or the Second layer interconnection and its connect 
ing portion can be formed as metal conductive materials or 
conductors with copper as a principal conductive layer. In 
this case, any one Selected from a tantalum film, a niobium 
film, a tantalum nitride film, a titanium nitride film and a 
tungsten nitride film or a plurality of thin films can be 
formed at an interface between the principal conductive 
layer composed of copper and the wiring groove and con 
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necting hole. Further, the Surface of the interconnection or 
the Second layer interconnection can be covered with a 
silicon nitride film. 

0028 By utilizing copper as the principal conductive 
layer, the interconnection and the connecting portion are 
reduced in resistance value So that the performance of the 
Semiconductor integrated circuit device can be improved. 
There are Strong expectations for coping with a demand for 
an improvement in the performance of the logic circuit 
portion in particular. The improvement in its performance 
brings about a great technical effect. Any one Selected from 
the tantalum film, niobium film, tantalum nitride film, tita 
nium nitride film and tungsten nitride film or the plurality of 
thin films function as a blocking layer against copper. It is 
thus possible to prevent copper from being diffused into each 
interlayer insulating film or the like and improve the reli 
ability of the semiconductor integrated circuit device. With 
respect to the tantalum film and the niobium film in par 
ticular, a chemical bond between tantalum and niobium, and 
copper exists stably and hence the migration of copper 
atoms at a tantalum/copper interface (niobium/copper inter 
face) is controlled or retarded. Therefore, its retardant effect 
greatly works not only for electromigration but also for the 
diffusion of copper. As a result, a highly reliable Semicon 
ductor integrated circuit device which is excellent in resis 
tance to electromigration can be obtained. Further, the 
diffusion of copper upward can be restrained by covering the 
Surface of the interconnection or the Second layer intercon 
nection with a silicon nitride film. 

0029 Further, the interconnection and its connecting 
portion or the Second layer interconnection and its connect 
ing portion can be formed as metal conductive materials or 
conductors with aluminum as a principal conductive layer. 
In this case, a titanium nitride film can be formed at an 
interface between the principal conductive layer composed 
of aluminum and the wiring groove and connecting hole. 
0030) By utilizing aluminum as the principal conductive 
layer, the interconnection and the connecting portion are 
reduced in resistance value So that the performance of the 
Semiconductor integrated circuit device can be improved. 
There are Strong expectations for coping with a demand for 
an improvement in the performance of the logic circuit 
portion in particular. The improvement in its performance 
brings about a great technical effect. It is also possible to use 
the titanium nitride film as a wetting layer at the time that 
aluminum is embedded in its corresponding connecting hole 
under high preSSure, as will be described later. 
0031. Incidentally, a lower electrode can be formed so as 
to have a cylindrical shape having an opening defined 
thereabove. Since the lower electrode shaped in Such a 
cylindrical form can be provided with a large Surface area, 
it has a shape advantageous to high integration of a future 
DRAM but inevitably results in a solid shape. Therefore, the 
Steplike offset caused by each information Storage capacitive 
element also increases. Thus, an effect at the time that the 
present invention is applied becomes particularly prominent 
in the shape of the lower electrode. 
0032. Further, an upper interlayer insulating film having 
each wiring or interconnection groove in the vicinity of the 
Surface of the interlayer insulating film, and an upper 
interconnection formed within the wiring groove and whose 
Surface is placed Substantially in the same plane as that of 
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the upper interlayer insulating film, may be formed in a layer 
above the interconnection or Second layer interconnection. 
Thus, even a third or fourth interconnection layer above the 
Second layer interconnection can be reduced in Series resis 
tance in a manner Similar to the Second layer interconnection 
(interconnection) So as to improve the performance of the 
Semiconductor integrated circuit device. 
0033 (2) A method of manufacturing a semiconductor 
integrated circuit device, according to the present invention 
comprises the following processes: a process for forming 
memory cell selection MISFETs in a memory cell array 
region on a principal Surface of a Semiconductor Substrate 
and for forming peripheral circuit MISFETs or logic circuit 
MISFETS in a peripheral circuit region or logic circuit region 
on the Semiconductor Substrate, respectively; a process for 
forming a first insulating film for covering the memory cell 
selection MISFETs and the peripheral circuit MISFETs or 
logic circuit MISFETS; a process for forming bit lines over 
the first insulating film in the memory cell array region; a 
proceSS for forming a Second insulating film for covering the 
bit lines, a process for forming a lower electrode of each 
information Storage capacitive element, a capacitive insu 
lating film for covering the lower electrode, and an upper 
electrode over the Second insulating film in the memory cell 
array region; a process for forming a third insulating film 
over the information Storage capacitive element, and a 
proceSS for flattening the Surface of the third insulating film 
by a CMP method, thereafter defining wiring or intercon 
nection grooves and connecting holes in the flattened third 
insulating film and a lower insulating film thereof in the 
peripheral circuit region or logic circuit region, Successively 
depositing a first conductive layer and a Second conductive 
layer over the third insulating film containing the interior of 
the interconnection grooves and connecting holes, removing 
the first and Second conductive layerS on the Surface of the 
third insulating film by the CMP method, and forming 
interconnections comprised of the first and Second conduc 
tive layers within each interconnection groove and forming 
connecting portions comprised of the first and Second con 
ductive layers within each connecting hole. 
0034. According to such a method of manufacturing the 
Semiconductor integrated circuit device, the interconnec 
tions are formed by a So-called dual damascene method So 
that the Semiconductor integrated circuit device described in 
paragraph (1) can be formed. 
0035. According to the present manufacturing method as 
well, Since the interconnections are formed after the forma 
tion of each information Storage capacitive element, no 
interconnections are affected by heat treatment at a high 
temperature, which is normally performed upon formation 
of the information Storage capacitive element. Described 
another way, Since the interconnections are not yet formed 
upon formation of the information Storage capacitive ele 
ment, it is not necessary to restrict the heating process at the 
time of formation of the information Storage capacitive 
element in consideration of the heat resistance to the inter 
connections. Thus, heat treatment at a Sufficiently high 
temperature (e.g., about 700 C.) is executed upon formation 
of the information Storage capacitive element, whereby each 
information Storage capacitive element can be formed to 
have a large in Storage capacity. On the other hand, a 
material, which is inferior in heat resistance, but has high 
conductivity, e.g., copper, aluminum or the like, is used to 
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reduce the wiring resistance, whereby the performance of 
the Semiconductor integrated circuit device can be 
improved. Owing to Such a manufacturing method, alumi 
num which has a low melting point or copper having a fast 
diffusion Velocity can be used as the wiring material. 

0036 Further, since the connecting holes are defined after 
the formation of the wiring or interconnection grooves in the 
present manufacturing method, the depth of each connecting 
hole is reduced by an amount corresponding to the depth of 
each wiring hole. Therefore, the processing of each con 
necting hole can be made easy and a reduction in the yield 
of the Semiconductor integrated circuit device due to a 
failure in processing can be restrained. Since the length of 
each connecting portion formed in its corresponding con 
necting hole is shortened, Series resistance between the 
interconnection and a lower member, to which the intercon 
nection is connected by its corresponding connecting por 
tion, is reduced So that the Semiconductor integrated circuit 
device can be improved in performance. 

0037 Although the problem of a steplike offset resulting 
from the information Storage capacitive element is Solved 
upon flattening the third insulating film, a method of forming 
an insulating film corresponding to the Steplike offset in 
advance before the deposition of the third insulating film is 
used to solve such a steplike offset. Namely, before the 
deposition of the third insulating film, a fourth insulating 
film formed in the same layer as that for each information 
Storage capacitive element is formed within the peripheral 
circuit region or logic circuit region, thereby making it 
possible to reduce or eliminate the Steplike offset between 
the memory cell array region and the peripheral circuit 
region or logic circuit region due to the height of the 
information Storage capacitive element. 

0038. As a method of solving the problem of a steplike 
offset, i.e., a method of forming the fourth insulating film, a 
method of providing the fourth insulating film as an insu 
lating film, in which a cylindrical groove is defined upon 
formation of the lower electrode of the information Storage 
capacitive element, can be used. According to this method, 
it is not necessary to additionally form the fourth insulating 
film when the lower electrode of the information storage 
capacitive element is Set to a cylindrical shape having an 
opening defined thereabove. Further, the fourth insulating 
film required upon formation of the lower electrode is used 
even for a reduction in the steplike offset, whereby the 
process can be simplified. Since the reduction in the Steplike 
offset is performed in advance by the fourth insulating film 
upon depositing the third insulating film and polishing it by 
a CMP method in particular, the amount of polishing of the 
third insulating film by a CMP process does not increase, so 
that the load on the CMP process can be reduced. 

0039. Further, the third insulating film covers the infor 
mation Storage capacitive element and is deposited with a 
thickness greater than or equal to a size corresponding to the 
height of the information Storage capacitive element, 
whereby the problem of a steplike offset can be also solved. 
In this case, the solution to the problem of the steplike offset 
is performed only by the deposition of the third insulating 
film and polishing of the third insulating film by a CMP 
method. Since the thickness of the third insulating film on 
the memory cell array region is So great, there may be cases 
in which the polishing thereof by the CMP method in this 
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case experiences difficulties in ensuring the flatness thereof 
by the CMP method. In Such a case, a layer (e.g., a silicon 
nitride film slower in polishing Velocity than a Silicon oxide 
film corresponding to a typical material for the third insu 
lating film) for controlling the Velocity of polishing by the 
CMP method can be deposited within the peripheral circuit 
region or logic circuit region alone. 

0040. In the method of manufacturing the semiconductor 
integrated circuit device, a first layer interconnection com 
posed of the same material as that for each bit line can be 
formed over the first insulating film in the peripheral circuit 
region or logic circuit region simultaneously with the for 
mation of the bit lines, and each connecting portion can be 
electrically connected to the first layer interconnection. 
According to Such a method of manufacturing of the Semi 
conductor integrated circuit device, the length of the con 
necting portion can be shortened. Namely, the depth of the 
connecting hole in which the connecting portion is formed 
is reduced, and the process for forming the connecting hole 
makes it easy to restrain or control the occurrence of a 
failure in processing, whereby the yield of the Semiconduc 
tor integrated circuit device can be improved. 

0041 Further, the first conductive layer can be formed as 
a titanium nitride film and the Second conductive layer can 
be formed as an aluminum film. In this case, after the 
deposition of the aluminum film, the Semiconductor Sub 
Strate is held under high pressure So that the aluminum film 
can be embedded in each connecting hole. 

0.042 Alternatively, the first conductive layer can be 
formed as any one Selected from a tantalum film, a niobium 
film, a tantalum nitride film, a titanium nitride film or a 
tungsten nitride film, or a plurality of thin films, and the 
Second conductive layer can be formed as a copper film. In 
this case, the copper film can be deposited by a plating 
method. AS the plating method, an electrolytic plating 
method or an electroleSS plating method can be employed by 
way of illustrative example. Further, a silicon nitride film 
can be deposited over the third insulating film and each 
interconnection. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0043. While the specification concludes with claims par 
ticularly pointing out and distinctly claiming the Subject 
matter which is regarded as the invention, it is believed that 
the invention, the objects and features of the invention and 
further objects, features and advantages thereof will be 
better understood from the following description, when 
taken in connection with the accompanying drawings, in 
which: 

0044 FIG. 1 is a plan view showing one example of the 
entire semiconductor chip with a DRAM formed therein 
according to a first embodiment of the present invention; 

004.5 FIG. 2 is an equivalent circuit diagram of the 
DRAM according to the first embodiment; 

0.046 FIG. 3 is a fragmentary cross-sectional view of the 
DRAM according to the first embodiment; 

0047 FIG. 4 is a cross-sectional view illustrating one 
example of a method of manufacturing the DRAM accord 
ing to the first embodiment in a process Sequence; 
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0048 FIG. 5 is a cross-sectional view depicting one 
example of the method of manufacturing the DRAM accord 
ing to the first embodiment in another proceSS Sequence; 
0049 FIG. 6 is a cross-sectional view showing one 
example of the method of manufacturing the DRAM accord 
ing to the first embodiment in a further proceSS Sequence; 
0050 FIG. 7 is a cross-sectional view illustrating one 
example of the method of manufacturing the DRAM accord 
ing to the first embodiment in a still further process 
Sequence, 

0051 FIG. 8 is a cross-sectional view illustrating one 
example of the method of manufacturing the DRAM accord 
ing to the first embodiment in a still further process 
Sequence, 

0052 FIG. 9 is a cross-sectional view showing one 
example of the method of manufacturing the DRAM accord 
ing to the first embodiment in a still further process 
Sequence, 

0053 FIG. 10 is a cross-sectional view depicting one 
example of the method of manufacturing the DRAM accord 
ing to the first embodiment in a still further process 
Sequence, 

0054 FIG. 11 is a cross-sectional view illustrating one 
example of the method of manufacturing the DRAM accord 
ing to the first embodiment in a still further process 
Sequence, 

0055 FIG. 12 is a cross-sectional view showing one 
example of the method of manufacturing the DRAM accord 
ing to the first embodiment in a still further process 
Sequence, 

0056 FIG. 13 is a cross-sectional view illustrating one 
example of the method of manufacturing the DRAM accord 
ing to the first embodiment in a still further process 
Sequence, 

0057 FIG. 14 is a cross-sectional view depicting one 
example of the method of manufacturing the DRAM accord 
ing to the first embodiment in a still further process 
Sequence, 

0058 FIG. 15 is a cross-sectional view showing one 
example of the method of manufacturing the DRAM accord 
ing to the first embodiment in a still further process 
Sequence, 

0059 FIG. 16 is a cross-sectional view illustrating one 
example of the method of manufacturing the DRAM accord 
ing to the first embodiment in a still further process 
Sequence, 

0060 FIG. 17 is a cross-sectional view depicting one 
example of the method of manufacturing the DRAM accord 
ing to the first embodiment in a still further process 
Sequence, 

0061 FIG. 18 is a cross-sectional view illustrating one 
example of the method of manufacturing the DRAM accord 
ing to the first embodiment in a still further process 
Sequence, 

0062 FIG. 19 is a cross-sectional view showing one 
example of the method of manufacturing the DRAM accord 
ing to the first embodiment in a still further process 
Sequence, 
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0.063 FIG. 20 is a cross-sectional view depicting one 
example of the method of manufacturing the DRAM accord 
ing to the first embodiment in a still further proceSS 
Sequence, 

0.064 FIG. 21 is a cross-sectional view illustrating one 
example of the method of manufacturing the DRAM accord 
ing to the first embodiment in a still further proceSS 
Sequence, 

0065 FIG. 22 is a cross-sectional view showing one 
example of the method of manufacturing the DRAM accord 
ing to the first embodiment in a still further proceSS 
Sequence, 

0.066 FIG. 23 is a cross-sectional view depicting one 
example of the method of manufacturing the DRAM accord 
ing to the first embodiment in a still further proceSS 
Sequence, 

0067 FIG. 24 is a cross-sectional view illustrating one 
example of the method of manufacturing the DRAM accord 
ing to the first embodiment in a still further proceSS 
Sequence, 

0068 FIG. 25 is a cross-sectional view showing one 
example of the method of manufacturing the DRAM accord 
ing to the first embodiment in a still further proceSS 
Sequence, 

0069 FIG. 26 is a cross-sectional view depicting one 
example of the method of manufacturing the DRAM accord 
ing to the first embodiment in a still further process 
Sequence, 

0070 FIG. 27 is a cross-sectional view illustrating one 
example of the method of manufacturing the DRAM accord 
ing to the first embodiment in a still further proceSS 
Sequence, 

0071 FIG. 28 is a cross-sectional view showing one 
example of the method of manufacturing the DRAM accord 
ing to the first embodiment in a still further proceSS 
Sequence, 

0.072 FIG. 29 is a fragmentary cross-sectional view of a 
DRAM according to a second embodiment of the present 
invention; 

0.073 FIG. 30 is a cross-sectional view showing one 
example of a method of manufacturing the DRAM accord 
ing to the Second embodiment in a process Sequence; 

0.074 FIG. 31 is a cross-sectional view illustrating one 
example of the method of manufacturing the DRAM accord 
ing to the Second embodiment in another proceSS Sequence; 

0075 FIG. 32 is a cross-sectional view depicting one 
example of the method of manufacturing the DRAM accord 
ing to the Second embodiment in a further process Sequence; 

0.076 FIG. 33 is a cross-sectional view showing one 
example of the method of manufacturing the DRAM accord 
ing to the Second embodiment in a Still further proceSS 
Sequence, 

0.077 FIG. 34 is a cross-sectional view illustrating one 
example of the method of manufacturing the DRAM accord 
ing to the Second embodiment in a Still further proceSS 
Sequence, 
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0078 FIG. 35 is a cross-sectional view depicting one 
example of the method of manufacturing the DRAM accord 
ing to the Second embodiment in a Still further process 
Sequence, 

007.9 FIG. 36 is a cross-sectional view showing one 
example of the method of manufacturing the DRAM accord 
ing to the Second embodiment in a Still further process 
Sequence, 

0080 FIG. 37 is a cross-sectional view illustrating one 
example of the method of manufacturing the DRAM accord 
ing to the Second embodiment in a Still further process 
Sequence, 

0081 FIG.38 is a plan view showing one example of the 
entire Semiconductor chip with a Semiconductor integrated 
circuit device formed therein according to a third embodi 
ment of the present invention; and 
0082 FIG. 39 is a fragmentary cross-sectional view of a 
DRAM according to the third embodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0083 Preferred embodiments of the present invention 
will be described in detail hereinafter with reference to the 
accompanying drawings. In all the drawings for describing 
the respective embodiments, members or components hav 
ing the same functions are identified by the Same reference 
numerals and their repetitive description will therefore be 
omitted. 

First Embodiment 

0084 FIG. 1 is a plan view showing one example of the 
entire semiconductor chip with a DRAM formed therein 
according to a first embodiment of the present invention. 
The DRAM according to the present embodiment has a 
storage capacity of 256 Mbits. Further, the DRAM has an 
outside size of 12x5 mm, for example and a memory 
occupancy rate of 58%. AS shown in the drawing, a large 
number of memory arrayS MARY are arranged or placed in 
matrix form over a principal Surface of a Semiconductor chip 
1A comprised of monocrystalline Silicon along an X direc 
tion (corresponding to the longitudinal direction of the 
Semiconductor chip 1A) and a Y direction (corresponding to 
the transverse direction of the Semiconductor chip 1A). 
Sense amplifiers SA are respectively placed between the 
memory arrayS MARYarranged adjacent to each other along 
the X direction. 512 memory cells are electrically connected 
to bit lines BL electrically connected to the Sense amplifiers 
SA. When a hierarchical word structure is adopted for the 
word lines, subword decoders SWD are respectively placed 
between the memory arrayS MARYarranged adjacent to one 
another along the Y direction. Further, control circuits Such 
as word drivers WD, data line Selection circuits, etc., input/ 
output circuits, bonding pads, etc. are arranged in the central 
portion of the principal Surface of the Semiconductor chip 
1A. 

0085 FIG. 2 is an equivalent circuit diagram of the 
DRAM according to the first embodiment. As shown in the 
drawing, a memory array (MARY) of the present DRAM 
comprises a plurality of word lines WL (WLn-1, WLn, 
Wln+1, ...) and a plurality of bit lines BL placed in matrix 
form, and a plurality of memory cells (MC) placed at points 



US 2001/0022369 A1 

where they intersect. One memory cell for storing 1-bit 
information therein comprises one capacitor C and one 
memory selection MISFET Qs electrically connected in 
Series with the capacitor C. One of the Source and drain of 
each memory selection MISFET Qs is electrically connected 
to a corresponding capacitor C and the other thereof is 
electrically connected to a corresponding bit line BL. One 
end of each word line WL is electrically connected to a 
corresponding word driver WD, and one end of each bit line 
BL is electrically connected to a corresponding Sense ampli 
fier SA. 

0.086 FIG. 3 is a fragmentary cross-sectional view of the 
DRAM according to the first embodiment. In FIG. 3, an A 
region indicates some of a memory array MARY and a B 
region indicates Some of a peripheral circuit. 
0087. A p-type well 2 lying within the A region, and a 
p-type well 3 and an n-type well 4 lying within the B region 
are formed over a principal Surface of a Semiconductor 
Substrate 1 comprised of p-type monocrystalline Silicon. 
Further, an n-type deep well 6 is formed So as to Surround 
the p-type well 2. Incidentally, a threshold Voltage control 
layer may be formed within each well. 
0088 Separation or isolation regions 7 are formed within 
principal or main Surfaces of the respective wells, respec 
tively. Each isolation region 7 is comprised of a Silicon oxide 
film and is formed within a shallow groove 8 defined in the 
principal Surface of the Semiconductor Substrate 1 with a 
thermally-oxidized silicon oxide film 9 interposed therebe 
tWeen. 

0089 Memory selection MISFETs Qs of the DRAM are 
formed over the principal Surface of the p-type well 2. 
Further, n channel MISFETs Qn and p channel MISFETs Qp 
are respectively formed over the principal Surfaces of the 
p-type well 3 and the n-type well 4. 
0090. Each memory cell selection MISFET Qs comprises 
a gate electrode 11 formed on the principal Surface of the 
p-type well 2 with a gate insulating film 10 interposed 
therebetween, and impurity Semiconductor regions 12 
formed in the principal Surface of the p-type well 2 on both 
Sides of each gate electrode 11. Each gate insulating film 10 
is comprised of a silicon oxide film formed by thermal 
oxidation, which has a film thickness ranging from 7 nm to 
8 nm, for example. The gate electrode 11 can be formed as 
a layered film of, for example, a polycrystal Silicon film 11a 
having a thickness of 70 nm, a titanium nitride film 11b 
having a thickness of 50 nm and a tungsten film 11c having 
a thickness of 100 nm. Further, an n-type impurity, for 
example, arsenic or phosphorous is introduced into the 
impurity Semiconductor region 12. 
0.091 A cap insulating film 13 composed of a silicon 
nitride film is formed in an upper layer of the gate electrode 
11 of each memory cell selection MISFET Qs. Further, an 
upper layer of each cap insulating film 13 is covered with a 
silicon nitride film 14. The silicon nitride film 14 is formed 
even on a side wall of the gate electrode 11 and is used for 
Self-alignment processing at the formation of connecting 
holes to be described later. Incidentally, the gate electrode 11 
of the memory cell selection MISFET Qs functions as a 
word line of the DRAM. A word line WL is formed on the 
upper Surface of each isolation region 7. 
0092. On the other hand, the n channel MISFETs Qn and 
the p channel MISFETs Qp are respectively formed over the 

Sep. 20, 2001 

principal Surfaces of the p-type well 3 and the n-type well 4 
and respectively comprise gate electrodes 11 formed through 
the gate insulating films 10, and impurity Semiconductor 
regions 15 formed on the principal Surfaces of the respective 
wells on both sides of the gate electrodes 11. The gate 
insulating films 10 and the gate electrodes 11 are similar to 
the above. Each impurity Semiconductor region 15 com 
prises a low concentration impurity region 15a and a high 
concentration impurity region 15b, which forms a So-called 
LDD (Lightly Doped Drain) structure. As the impurity to be 
introduced into the impurity Semiconductor region 15, an 
n-type or p-type impurity is introduced therein according to 
the type of conduction of each MISFET. 
0093 Cap insulating films 13 each comprised of a silicon 
nitride film are formed on upper layers of the gate electrodes 
11 of the n channel MISFETs Qn and the p channel MIS 
FETs Qp. Side wall spacers 16 each comprised of, for 
example, a Silicon nitride film are formed on the Sides of the 
gate electrodes 11. 
0094) The respective memory cell selection MISFETs 
Qs, in channel MISFETs Qn and p channel MISFETs Qp are 
covered with an interlayer insulating film 17. The interlayer 
insulating film 17 can be formed as a stacked or layered film 
of, for example, an SOG (Spin On Glass) film, a TEOS oxide 
film obtained by flattening a silicon oxide film (hereinafter 
called “TEOS oxide film”) formed by a plasma CVD 
method by a CMP (Chemical Mechanical Polishing) method 
with a TEOS (Tetramethoxysilane) as a raw gas, and a TEOS 
oxide film. 

0.095) Further, a TEOS oxide film 17d is formed over the 
interlayer insulating film 17, and bit lines BL and first layer 
wires or interconnections 18 are formed over its upper 
surface. The bit lines BL and the first layer interconnections 
18 are respectively formed as a layered film consisting of a 
titanium nitride film and a tungsten film, for example. Thus, 
the performance of the DRAM can be improved by bringing 
the bit lines BL and the first layer interconnections 18 into 
a low resistance. Further, the bit lines BL and the first layer 
interconnections 18 can be formed simultaneously as will be 
described later. As a result, the proceSS can be simplified. 
0096. Each bit line BL is electrically connected to the 
impurity Semiconductor region 12 commonly used in the 
pair of memory cell selection MISFETs Qs through a plug 
19 and a plug 19b. The plug 19 can be formed as a 
polycrystal Silicon film into which, for example, an n-type 
impurity is introduced. The plug 19b can be formed as a 
layered film comprised of a titanium nitride film and tung 
sten film, for example. Further, a cobalt silicide film 20 is 
formed at a portion where the plug 19 and the plug 19b are 
connected. It is thus possible to reduce the connecting 
resistance between the plug 19 and the plug 19b, i.e., each 
bit line BL and the plug 19, and thereby improve the 
reliability of their connection. 
0097. The first layer interconnections 18 are respectively 
electrically connected to the impurity Semiconductor regions 
15 or the gate electrodes 11 of the n channel MISFETs. On 
and p channel MISFETs Qp through plugs 22 formed within 
connecting holes 21. Each plug 22 can be formed as a 
layered film comprised of, for example, a titanium nitride 
film, and tungsten film in a manner Similar to the plug 19b. 
Further, the cobalt silicide film 20 is formed at a portion 
where the plug 22 and the impurity Semiconductor region 15 
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are connected. It is thus possible to reduce the resistance 
connected between the plug 22 and the impurity Semicon 
ductor region 15 and thereby improve the reliability of their 
connection. 

0098. The bit lines BL and first layer interconnections 18 
are covered with an interlayer insulating film 23. The 
interlayer insulating film 23 can be formed as a layered film 
of, for example, an SOG film, a TEOS oxide film flattened 
by the CMP method, and a TEOS oxide film. Incidentally, 
the bit lines BL and the first layer interconnections 18 may 
be covered with a cap insulating film and a side wall Spacer 
each comprised of a Silicon nitride film. 
0099 Each of the information storage capacitors C is 
formed in the A region of a layer above the interlayer 
insulating film 23. Further, an insulating film 24 is formed 
within a layer in the B region, above the interlayer insulating 
film 23 so as to fall into the same layer as that for the 
capacitor C. The insulating film 24 can be comprised of a 
silicon oxide film, for example. The formation of the insu 
lating film 24 in the same layer as that for the capacitor C 
allows prevention of the occurrence of a Steplike offset or 
difference in level between the A and B regions, which 
results from an elevation of the capacitor C. Thus, this can 
make allowance for the focal depth at the time of photoli 
thography and can Stabilize the process So as to cope with 
micro-fabrication. Incidentally, a silicon nitride film 23b is 
formed on the upper Surface of the interlayer insulating film 
23. AS will be described later, the silicon nitride film 23b is 
a thin film which functions as an etching Stopper at the 
formation of each lower electrode 27 of the capacitor C. 
0100 Each capacitor C comprises a lower electrode 27 
electrically connected via a plug 26 to a plug 25 connected 
to an impurity Semiconductor region 12 opposite to the 
impurity Semiconductor region 12 electrically connected to 
the bit line BL of each memory cell selection MISFET Qs, 
a capacitive insulating film 28 composed of, for example, a 
Silicon nitride film and tantalum oxide, and a plate electrode 
29 composed of titanium nitride, for example. 
0101. An insulating film 30 composed of a TEOS oxide 
film, for example, is formed in a layer above the capacitor 
C. The insulating film 30 and the insulating film 24 cover the 
capacitor C and serve as an interlayer insulating film (Second 
interlayer insulating film) insulated from other members. 
The insulating film 24 corresponds to a portion (first portion) 
for reducing or eliminating a Steplike offset or difference in 
level between the memory cell array region and the periph 
eral circuit region, which is caused by the height of the 
information storage capacitive element (capacitor C). The 
insulating film 30 corresponds to a portion (Second portion) 
for covering an information Storage capacitive element. The 
surface of the insulating film 30 is flattened by the CMP 
method, so that the flatness of the overall Surface of the 
Semiconductor Substrate 1 is ensured. 

0102 Wiring or interconnection grooves 31 are defined 
in the neighborhood of the surfaces of the insulating film 30 
and insulating film 24. A Second layer interconnection 32 is 
formed within each interconnection groove 31. AS Shown in 
FIG. 3, the surface of the second layer interconnection 32 
and the Surface of the insulating film 30 are flush with each 
other. Further, the bottom face of each second layer inter 
connection 32 is placed in a position below the Surface 
(corresponding to the surface of the plate electrode 29) of the 
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capacitor C. AS will be described later, the Second layer 
interconnection 32 is formed by the CMP method. 
0.103 Connection holes 33 are defined in portions below 
the interconnection grooves 31, respectively, and connecting 
portions 34 are formed within the connecting holes 33, 
respectively. The Second layer interconnection 32 and the 
connecting portion 34 are formed as one piece. The Second 
layer interconnection 32 is comprised of a first conductive 
layer 32a and a second conductive layer 32b, and the 
connecting portion 34 comprises a first conductive layer 34a 
and a second conductive layer 34b. Each of the first con 
ductive layerS 32a and 34a is comprised of a tantalum film, 
for example, and each of the Second conductive layers 32b 
and 34b is made up of copper, for example. 
0104. The second conductive layers 32b and 34b serve as 
principal conductive layers of the Second layer interconnec 
tion 32 and the connecting portion 34. Since they have 
principal conductive layers each composed of copper in this 
way, the resistance of the Second layer interconnection 32 
and connecting portion 34 can be lowered and the response 
of a Semiconductor integrated circuit device, particularly, a 
peripheral circuit, can be speeded up to improve the perfor 
mance of the DRAM. 

0105 The first conductive layers 32a and 34.a function as 
barrier layerS for preventing the diffusion of copper. Since 
the tantalum film is used in the present embodiment in 
particular, Ta-Cu bonding is formed at interfaces between 
the first conductive layers 32a and 34a and between the 
second conductive layers 32b and 34b, whereby the migra 
tion of copper due to its diffusion or electromigration can be 
effectively prevented. Further, she formation of the Ta-Cu 
bonding allows an improvement in the adhesiveness of the 
copper film. As a result, the reliability of the DRAM can be 
improved. 
0106 Since each of the connecting holes 33 is defined in 
the lower portion of the interconnection groove 31 in the 
present embodiment, the depth of the connecting hole 33 can 
be made shallow by a length corresponding to the depth of 
the interconnection groove 31. In the present embodiment, 
the depth of the interconnection groove 31, i.e., the thickness 
of the Second layer interconnection 32 can be set to 0.7 um, 
and the depth of the connecting hole 33, i.e., the length of the 
connecting portion 34 can be set to 0.7 um. This means that 
the depth of each connecting hole can be shortened from 1.4 
tim to 0.7 um as compared with the case where the Second 
layer interconnection is formed on the insulating film 30 as 
in the prior art. The shallow depth of each connecting hole 
33 makes it possible to facilitate a working process thereof, 
restrain the occurrence of a working failure to improve the 
reliability of connection, and improve the manufacturing 
yield of the DRAM. Further, since the connecting hole 33 
can be made shallow in depth, the connecting portion 34 can 
be shortened in length, and the resistance of the connecting 
portion 34 is reduced so that the resistance between the 
Second layer interconnection 32 and the first layer intercon 
nection 18 can be lowered. 

0107. In the present embodiment, the tantalum film is 
illustrated as the first conductive layers 32a and 34a by way 
of example. However, a niobium film, a tantalum nitride 
film, a titanium nitride film or a tungsten nitride film may be 
used. A layered film of these elements may be used as well. 
0108) Asilicon nitride film 35 is formed over the upper 
surfaces of the insulating films 30 and the second layer 
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interconnections 32. Such a silicon nitride film 35 can 
prevent the diffusion of copper in an upper direction. 
0109) An interlayer insulating film 36 is formed in a layer 
above the silicon nitride film 35, and wiring or interconnec 
tion grooves 37 are defined in the neighborhood of the 
Surface of the interlayer insulating film 36. Each connecting 
hole 38 connected to the second layer interconnection 32 or 
the plate electrode 29 of the capacitor C is formed at the 
bottom of each wiring or interconnection groove 37. A third 
layer interconnection 39 is formed inside each interconnec 
tion groove 37, and a connecting portion 40 is formed inside 
each connecting hole 38. The surfaces of the interlayer 
insulating film 36 and the third layer interconnection 39 
exist within the same plane and are formed by the CMP 
method as will be described later. 

0110. The third layer interconnection 39 is comprised of 
a first conductive layer 39a and a second conductive layer 
39b in a manner similar to the second layer interconnection 
32. The connecting portion 40 is made up of a first conduc 
tive layer 4.0a and a second conductive layer 40b in a manner 
Similar to each connecting portion 34. The first conductive 
layers 39a and 4.0a can be formed as a tantalum film in a 
manner similar to the first conductive layers 32a and 34a. 
The niobium film, tantalum nitride film, titanium nitride film 
or tungsten nitride film, or a layered film of these elements 
may be used. The second conductive layers 39b and 40b are 
composed of, for example, copper in a manner Similar to the 
second conductive layers 32b and 34b. Each third layer 
interconnection 39 can be used as a main word line MWB 
or a shunt wire or interconnection for each word line WL. 

0111 Asilicon nitride film 41 is formed over the surfaces 
of the interlayer insulating film 36 and the third layer 
interconnection 39. The silicon nitride film 41 prevents the 
diffusion of copper from the third layer interconnection 39. 
0112 An interlayer insulating film 42 is formed in a layer 
above the silicon nitride film 41. Fourth layer interconnec 
tions 43 constructed in a manner Similar to the Second layer 
interconnection 32 and the third layer interconnection 39 are 
formed in the neighborhood of the Surface of the interlayer 
insulating film 42. The fourth layer interconnection 43 is 
electrically connected to each third layer interconnection 39 
through an unillustrated connecting portion. The fourth layer 
interconnection 43 can be used as a Y select line YS. 

0113 Asilicon nitride film 44 is formed over the inter 
layer insulating film 42 and the fourth layer interconnection 
43. Further, an insulating film 45 and a passivation film 46 
are formed over the silicon nitride film 44. The silicon 
nitride film 44 prevents the diffusion of copper from each 
fourth layer interconnection 43. 
0114. A method of manufacturing the DRAM according 
to the present embodiment will next be described in proceSS 
sequences with reference to FIGS. 4 through 28. FIGS. 4 
through 28 are, respectively, croSS-Sectional views showing 
one example of a method of manufacturing a DRAM 
according to one embodiment of the present invention in 
proceSS Sequences. 

0115 Ap-type semiconductor substrate 1 is first prepared 
and shallow grooves 8 are defined in a main or principal 
Surface of the semiconductor Substrate 1. Thereafter, the 
Semiconductor Substrate 1 is Subjected to thermal oxidation 
to form a silicon oxide film 9. Further, the silicon oxide film 
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is deposited thereon and thereafter polished by the CMP 
method to leave the silicon oxide film within each shallow 
groove 8 alone, whereby isolation regions 7 are formed. 
0.116) Next, an impurity is ion-implanted with a photo 
resist as a mask to form p-type wells 2 and 3, an n-type well 
4 and a deep well 6 (see FIG. 4). 
0117. A gate oxide film 10 is formed in an active region 
in which the p-type wells 2 and 3 and the n-type well region 
4 are formed, by a thermal oxidation method. Further, a 
polycrystal Silicon film, a titanium nitride film, a tungsten 
film and a Silicon nitride film doped with impurities are 
Successively deposited over the entire Surface of the Semi 
conductor Substrate 1. Thereafter, the silicon nitride film, 
tungsten film, titanium nitride film and polycrystal Silicon 
film are patterned by using a photolithography technique and 
an etching technique to form gate electrodes (word lines 
WL) and cap insulating films 13. Further, impurities are 
ion-implanted with the cap insulating films 13 and the gate 
electrodes 11 and a photoresist being used as masks to 
thereby form impurity Semiconductor regions 12 and low 
concentration impurity regions 15a (see FIG. 5). 
0118) Next, a silicon nitride film (not shown) is deposited 
over the entire Surface of the Semiconductor Substrate 1 to 
thereby form a photoresist film 47 only within a region (A 
region) in which each memory cell is formed. Thereafter, the 
Silicon nitride film is Subjected to anisotropic etching with 
the photoresist film as a mask to thereby form a Silicon 
nitride film 14 only on the semiconductor Substrate 1 in the 
A region and Simultaneously form Side wall spacers 16 on 
the side walls of the gate electrodes 11 in the B region. 
Further, impurities are ion-implanted on a Self-alignment 
basis with the side wall spacers 16 as masks to thereby form 
high-concentration impurity regions 15b (see FIG. 6). 
0119) Next, a cobalt film (not shown) is deposited over 
the entire surface of the semiconductor Substrate 1 by 
sputtering or the like with the photoresist film 47 left behind. 
After removal of the photoresist film 47, the deposited cobalt 
film is Subjected to heat treatment, whereby a Silicide 
reaction is selectively performed between the cobalt film and 
each high-concentration impurity region 15b. Thereafter, the 
non-reacted cobalt film is removed by Selective etching, So 
that a cobalt silicide film 20 is formed over each high 
concentration impurity region 15b. 
0120 Next, an SOG film is applied onto the entire surface 
of the Semiconductor Substrate 1 and cured at a temperature 
of about 400° C., after which it is heat-treated at a tempera 
ture of about 800° C. for stabilization. Further, a TEOS 
oxide film is deposited thereon by a plasma CVD method. In 
this case, the TEOS oxide film can be deposited thereon so 
that the Surface thereof reaches a height of 1.3 um as Seen 
from the principal Surface of the Semiconductor Substrate 1. 
The TEOS oxide film is polished by using the CMP method 
to flatten its Surface. Thus, Steplike offsets resulting from the 
gate electrodes 11 and the cap insulating films 13 can be 
eliminated. As a result, the focus margin in the Subsequent 
photolithography proceSS can be improved and hence the 
opening of each fine connecting hole and the like can be 
made. After cleaning of the surface of the TEOS oxide film, 
the TEOS oxide film is further deposited to repair damage 
from scratches on a TEOS oxide film 17d, caused by CMP. 
An SOG film, a TEOS oxide film flattened by the CMP 
method, and an interlayer insulating film 17 comprised of a 
TEOS oxide film are formed in this way. 
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0121 Next, each connecting hole is defined in the inter 
layer insulating film 17 and then is Subjected to plug 
implantation, after which a polycrystal Silicon film doped 
with impurities is deposited. The polycrystal Silicon film is 
polished by the CMP method to form plugs 19 and 25 (see 
FIG. 7). Incidentally, the connecting holes are opened or 
defined by two-stage etching, So that excessive etching of 
the Semiconductor Substrate 1 can be prevented. 

0122) Next, a TEOS oxide film 17d is formed. The 
elevation or height as Seen from the principal Surface of the 
semiconductor Substrate 1 becomes about 0.8 um when the 
TEOS oxide film 17d is formed. 

0123) Next, an opening is defined in the TEOS oxide film 
17d so that the plug 19 electrically connected with each bit 
line BL is exposed. Thereafter, a cobalt film (not shown) is 
deposited over the entire Surface of the Semiconductor 
Substrate 1 by Sputtering or the like and then is Subjected to 
heat treatment, whereby a Silicide reaction is Selectively 
performed between the cobalt film and the plug 19. There 
after, each non-reacted cobalt film is Selectively etched and 
thereafter removed, so that a cobalt silicide film 20 is formed 
over the plug 19. 
0.124. Next, connecting holes 21 are defined in the inter 
layer insulating film 17 So that the impurity Semiconductor 
regions 15 and the gate electrodes 11 of the n channel 
MISFETs Qn and p channel MISFETs Qp are made bare (see 
FIG. 8). Incidentally, the cobalt silicide films on the high 
concentration impurity regions 15b as described previously 
can be also formed at this stage. 
0.125 Next, a titanium nitride film 22a and a tungsten 
film 22b are deposited on the entire Surface of the Semicon 
ductor Substrate 1, i.e., the TEOS oxide film 17d containing 
the inside or interior of each connecting hole 21, by Sput 
tering, for example. The titanium nitride film 22a and the 
tungsten film 22b on the surface of the TEOS oxide film 17d 
are removed by polishing using the CMP method. The plug 
22 comprised of the titanium nitride film 22a and the 
tungsten film 22b and the plug 19b are formed in this way 
(see FIG. 9). Incidentally, the titanium nitride film 22a may 
be comprised of a film in which a titanium film and a 
titanium nitride film are Stacked on one another. 

0126) Next, a titanium nitride film 18a and a tungsten 
film 18b are successively deposited by sputtering, for 
example and thereafter are patterned by using photolithog 
raphy and dry etching techniques to thereby form a bit-line 
BL and a first layer interconnection 18 each comprised of the 
titanium nitride film 18a and the tungsten film 18b (see FIG. 
10). Thus, since each bit line BL and each first layer 
interconnection 18 are Simultaneously formed in the present 
embodiment, the process can be simplified. Further, Since 
the bit line BL and the first layer interconnection 18 are 
formed after the formation of each plug. 22, they can be 
decreased in thickness. As a result, the capacitance between 
the adjacent bit lines BL can be reduced in particular So that 
the Sensitivity of detection of the presence or absence of 
Stored charges can be improved. 

0127. Incidentally, the bit lines BL and the first layer 
interconnections 18 may be respectively formed of a single 
layered tungsten film. The formation of the bit line BL and 
the first layer interconnection 18 from the tungsten film 
alone makes it possible to reduce resistance values at the 
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Same cross-sectional area State as compared with the layered 
film of the tungsten film and the titanium nitride film. This 
is based on the fact that the tungsten is lower than the 
titanium nitride in resistivity. Further, each of the bit line BL 
and the first layer interconnection 18 is provided with a cap 
insulating film and a Side wall Spacer each comprised of a 
Silicon nitride film, for example. 
0128. Next, an SOG film is applied onto the entire surface 
of the Semiconductor Substrate 1 and cured at a temperature 
of about 400 C., after which a TEOS oxide film is deposited 
thereon by the plasma CVD method. The TEOS oxide film 
can be deposited thereon So that the Surface thereof reaches 
a height of 0.8 um as seen from the TEOS oxide film 17d. 
Thereafter, the TEOS oxide film is polished by using the 
CMP method to form an SOG film and an interlayer insu 
lating film 23 whose surface is flattened. The surface of the 
flattened interlayer insulating film 23 reaches 0.6 um in 
height as seen from the TEOS oxide film 17d. Thus, a focus 
margin in the Subsequent photolithography process can be 
improved and hence the opening of each fine connecting 
hole and the like can be performed. After cleaning of the 
surface of the interlayer insulating film 23, the TEOS oxide 
film may further be deposited So as to cover Scratches 
formed by CMP. 
0129. Next, each connecting hole is defined in the inter 
layer insulating film 23, after which a polycrystal Silicon 
film doped with impurities is deposited. The polycrystal 
silicon film is polished by the CMP method to form plugs 26 
(see FIG. 11). 
0.130 Next, a silicon nitride film 23b having a thickness 
of 200 nm is formed over the entire Surface of the semicon 
ductor Substrate 1 and an insulating film 24 is deposited 
thereon (see FIG. 12). The deposition of the insulating film 
24 can be performed by the plasma CVD method. The 
thickness of the insulating film 24 will be defined as 1.2 um. 
0131) A process for forming a capacitor C will next be 
described. The required Storage capacity thereof is about 30 
pF. 

0132 Each of grooves 48 is defined within a capacitor C 
forming region with dimensions of 0.75x0.25 um. Each plug 
26 is made bare by the formation of the groove 48 (see FIG. 
13). The formation of the groove 48 can be performed using 
photolithography and dry etching techniques. 

0.133 Next, a polycrystal silicon film 49, which covers 
the 4rooves 48, is deposited over the entire surface of the 
semiconductor Substrate 1. Further, a silicon oxide film 50 is 
deposited over the entire Surface of the Semiconductor 
substrate 1 (see FIG. 14). The polycrystal silicon film 49 can 
be doped with phosphorus. The thickness thereof can be set 
to 0.03 lum. Since the thickness of the polycrystal silicon film 
49 is sufficiently thinner than the size of each groove 48, the 
polycrystal silicon film 49 is deposited even inside each 
groove 48 with good Step coverage. The Silicon oxide film 
50 is deposited so as to be buried or embedded into the 
groove 48. If consideration is given to the embeddability of 
the silicon oxide film 50 inside the groove 48, then the 
silicon oxide film 50 can be formed as an SOG film or a 
silicon oxide film produced by the CVD method using 
TEOS. 

0134) Next, the silicon oxide film 50 and the polycrystal 
silicon film, 49 on each insulating film 24 are removed to 
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form lower electrodes 27 for capacitors C (see FIG. 15). The 
removal of the silicon oxide film 50 and the polycrystal 
silicon film 49 can be performed by an etchback method or 
the CMP method. The silicon oxide film 50 remains inside 
each lower electrode 27. 

0135 Wet etching is next performed with a photoresist 
film 51 as a mask to remove each insulating film 24 and 
silicon oxide film 50 in the memory cell array region (A 
region) (see FIG. 16). As a result, the lower electrodes 27 
are exposed. 

0.136 Incidentally, the silicon nitride film 23b serves as 
an etching Stopper in the wet etching process. Further, Since 
the edge of each insulating film 24 is etched by wet etching, 
it is illustrated as being sharp (at right angles) for simplicity, 
although it is not strictly sharp as shown in the drawing. 

0.137 Since the insulating film 24 is left within the 
peripheral circuit region (B region) in this way, a large 
steplike offset caused by the height (which is even with the 
height of each lower electrode 27) of the capacitor C is not 
formed between the memory cell array (A region) and the 
peripheral region (B region) Subsequent to the formation of 
the capacitor C. Therefore, photolithography corresponding 
to a process Subsequent to the proceSS in which the capacitor 
C is formed can be definitely performed, thus facilitating 
provisions for high integration of the DRAM. 

0138 Next, a tantalum oxide film is deposited after the 
surface of each lower electrode 27 has been subjected to 
nitriding or oxidizing/nitriding treatment. The deposition of 
the tantalum oxide film can be formed by the CVD method 
with an organic tantalum gas as a raw material. The tantalum 
oxide film in this stage has an amorphous Structure. Now, a 
capacitive insulating film 28 is formed as a dielectric more 
rigid as a tantalum oxide film (Ta2O5) crystallized (poly 
crystallized) by Subjecting the tantalum oxide film to heat 
treatment. It is necessary to perform this heat treatment at a 
temperature higher than or equal to 700 C. Thus, the heat 
resistance of each member formed before the present heat 
treating proceSS presents a problem. In the present embodi 
ment, however, the Second layer interconnection and the 
like, which present a problem in heat resistance, are not yet 
formed. It is therefore unnecessary to give a particular 
limitation to the heat treating proceSS. Therefore, a poly 
crystal tantalum oxide film large in dielectric constant can be 
Stably formed and the Storage capacity of the capacitor C can 
be increased without increasing the area on which the 
capacitor C is formed. 

0.139. Further, a titanium nitride film is deposited by the 
CVD method. Thereafter, the titanium nitride film and the 
polycrystal tantalum oxide film are patterned using a pho 
toresist film 52 to thereby form a capacitive insulating film 
28 and a plate electrode 29 (see FIG. 17). The capacitor C 
comprised of the lower electrode 27, capacitive insulating 
film 28 and plate electrode 29 is formed in this way. 
0140 Next, a TEOS oxide film 53 is deposited over the 
entire surface of the semiconductor Substrate 1 (see FIG. 
18). The TEOS oxide film 53 is used to provide electrical 
isolation of the plate electrode 29. The thickness thereof is 
set to 0.3 um. The TEOS oxide film 53 is flattened by being 
polished by the CMP method to thereby farm an insulating 
film 30 (see FIG. 19). At this stage, the distance between the 
upper surface of the insulating film 30 and the first layer 
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interconnection 18 is 1.4 lim. Thus, Since the insulating film 
24 reduces or controls a steplike offset or difference in level 
between the memory cell array region (A region) and the 
peripheral circuit region (B region) in advance, the load on 
a CMP process for flattening the TEOS oxide film 53 to form 
the insulating film 30 can be lightened. Further, since the 
surface of the insulating film 30 is flattened, the Subsequent 
photolithography proceSS can be performed precisely, So that 
micro-processing can be done. Even if interconnections are 
formed using a So-called damascene method, as will be 
described later, no residual metal occurs in the Surface of the 
insulating film 30. 

0141 Next, the insulating film 30 and the insulating film 
24 are etched by dry etching using a photoresist film 54 to 
form each wiring or interconnection groove 31 (see FIG. 
20). Further, the photoresist film 54 is removed and there 
after a photoresist film 55 is formed. The insulating film 24, 
silicon nitride film 23b and interlayer insulating film 23 are 
etched by dry etching using the photoresist film 55 to 
thereby form connecting holes 33 (see FIG. 21). Thus, since 
the connecting hole 33 is defined below the bottom face of 
each interconnection groove 31, an etching depth formed by 
dry etching for processing the connecting hole 33 becomes 
shallow. Therefore, an etching aspect ratio of the connecting 
hole 33 in the dry etching process can be reduced and its 
etching processing can be facilitated. As a result, a failure in 
the processing of each connecting hole 33 in the dry etching 
process is reduced, whereby the manufacturing yield and 
reliability of the DRAM can be improved. 

0.142 Next, a tantalum film 56 is deposited over the entire 
Surface of the Semiconductor Substrate 1 containing the 
interior of the interconnection grooves 31 and connecting 
holes 33 by the sputtering or CVD method. Further, a copper 
film 57 is deposited over the tantalum film 56 (see FIG.22). 
The deposition of the copper film 57 can be performed by a 
plating method Such as electrolytic plating or electroleSS 
plating or the like. Since a plating method is used, the copper 
film 57 can be satisfactorily embedded even in a fine space 
like the connecting hole 33. 

0143) The copper film 57 and the tantalum film 56 on the 
insulating film 30 in the region other than the interconnec 
tion grooves 31 are removed by being polished using the 
CMP method. Thus, a second layer interconnection 32 is 
formed within each interconnection groove 31, whereas a 
connection portion 34 is formed within each connecting hole 
33 (see FIG. 23). The tantalum film 56 serves as a first 
conductive layer 32a of each Second layer interconnection 
32 and a first conductive layer 34a of each connecting 
portion 34. The copper film 57 serves as a second conductive 
layer 32b of each Second layer interconnection 32 and a 
Second conductive layer 34b of each connecting portion 34. 
AS described above, the Second layer interconnection 32 is 
formed integrally with the connecting portion 34. AS men 
tioned previously, each of the first conductive layerS 32a and 
34a functions as a barrier film composed of copper, and the 
second conductive layers 32b and 34b serve as principal 
conductive layers of the Second layer interconnection 32 and 
the connecting portion 34. 

0144. In the present embodiment, the thickness (corre 
sponding to the depth of each interconnection groove 31) of 
the Second layer interconnection 32 can be set to 0.7 um and 
the length (corresponding to the depth of each connecting 
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hole 33) of each connecting portion 34 can be set to 0.7um. 
A niobium film, a tantalum nitride film, a titanium nitride 
film or a tungsten nitride film may be used as an alternative 
to the tantalum film 56. Alternatively, a layered film of these 
elements may be used. The niobium film, tantalum nitride 
film, titanium nitride film or tungsten nitride film can be also 
deposited by the sputtering or CVD method. 
0145 Next, a silicon nitride film 35 is deposited over the 
insulating films 30 and the second layer interconnections 32 
(see FIG. 24). The deposition of the silicon nitride film 35 
is performed by the plasma CVD method or sputtering 
method. The diffusion of copper from the second layer 
interconnection 32 can be controlled or restrained by the 
silicon nitride film 35. 

0146) Next, an interlayer insulating film 36 is deposited 
over the silicon nitride film 35. A TEOS oxide film can be 
deposited as the interlayer insulating film 36. Further, the 
interlayer insulating film 36, the silicon nitride film 35 or the 
insulating film 30 is etched by dry etching with the photo 
resist film being used as a mask in a manner Similar to the 
above-described wiring grooves 31 and connecting holes 33 
to thereby form wiring or interconnection grooves 37 and 
connecting holes 38 (see FIG. 25). 
0147 A tantalum film 58 and a copper film 59 are next 
deposited over the entire Surface of the Semiconductor 
Substrate 1 containing the interior of the interconnection 
grooves 37 and connecting holes 38 in a manner Similar to 
the above-described tantalum film 56 and copper film 57 
(see FIG. 26). Further, the tantalum film 58 and the copper 
film 59 on each interlayer insulating film 36 are removed by 
polishing using the CMP method to thereby form third layer 
interconnections 39 within the interconnection grooves 37 
and form connecting portions 40 within the connecting holes 
38 (see FIG. 27). Each tantalum film 58 serves as a first 
conductive layer 39a of the third layer interconnection 39 
and a first conductive layer 4.0a of the connecting portion 40. 
Further, the copper film 59 serves as a second conductive 
layer 39b of the third layer interconnection 39 and a second 
conductive layer 40b of the connecting portion 40. The 
integral formation of the third layer interconnection 39 and 
the connecting portion 40 is similar to the Second layer 
interconnection 32. Each of the first conductive layer 39a 
and 4.0a functions as a barrier film composed of copper, and 
the second conductive layers 39b and 40b serve as principal 
conductive layers of the third layer interconnection 39 and 
the connecting portion 40, as mentioned above. 
0148 Incidentally, a niobium film, a tantalum nitride 
film, a titanium nitride film or a tungsten nitride film may be 
used as an alternative to the tantalum film 58. Alternatively, 
a layered film of these may be used. The niobium film, 
tantalum nitride film, titanium nitride film or tungsten nitride 
film can be also deposited by the sputtering or CVD method. 
0149 Next, a silicon nitride film 41 is deposited over the 
interlayer insulating film 36 and the third layer interconnec 
tions 39. In a manner similar to the third layer interconnec 
tion 39, a silicon nitride film 44 is deposited after the 
formation of an interlayer insulating film 42, fourth layer 
interconnections 43 and unillustrated connecting portions 
(see FIG. 28). Since the details of these are similar to the 
third layer interconnections 39, their description will be 
omitted. 

0150 Finally, an insulating film 45 is deposited over the 
entire Surface of the Semiconductor Substrate 1 and thereaf 
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ter is Subjected to hydrogen annealing at a temperature of 
400° C. to recover damage of each MISFET. Further, a 
passivation film 46 is deposited over the entire surface of the 
Semiconductor Substrate 1 to thereby Substantially complete 
the DRAM shown in FIG. 3. 

0151. According to the DRAM and the manufacturing 
method therefor, the insulating film 30 is flattened and the 
Steplike offset between the memory cell array region (A 
region) and the peripheral circuit region (B region) is 
eliminated. Therefore, the accuracy of processing can be 
improved by precisely performing the proceSS Steps Subse 
quent to each Second layer interconnection32. Further, Since 
the connecting holes 33 are defined below the bottom faces 
of the interconnection or wiring grooves 31, the aspect ratio 
of each connecting hole according to the thicknesses of the 
insulating film 30 and the insulating film 24, which results 
from the elimination of the Steplike offset, can be reduced. 
It is thus possible to reliably open or define each connecting 
hole 33 and improve the yield and reliability of the DRAM. 
Therefore, the bottom face of each Second layer intercon 
nection 32 is positioned below the upper Surface of the 
capacitor C. 

0152 Since the depth of the connecting hole 33 becomes 
shallow, the length of the connecting portion 34 becomes 
Short So that the resistance thereof can be reduced. It is thus 
possible to reduce the resistance between the first layer 
interconnection 18 and the Second layer interconnection 32 
and improve performance, Such as a quick response char 
acteristic or performance or the like of each peripheral 
circuit of the DRAM. 

0153. Further, the copper material can be used for the 
principal conductive layers (Second conductive layers 32b 
and 34b) of the second layer interconnection 32 and the 
connecting portion 34 So as to less reduce the resistance of 
the Second layer interconnection 32 and the connecting 
portion 34 and further improve the performance of the 
DRAM. 

0154). Since the second layer interconnections 32 and the 
connecting portions 34 are formed after the formation of the 
capacitor C in the present embodiment, it is not necessary to 
impose restrictions on the heat treatment in the process of 
forming the capacitive insulating film 28 for each capacitor 
C. Further, the capacitive insulating film 28 stable and high 
in dielectric constant can be formed and the Storage capaci 
tance value of the capacitor C can be made great. It is 
unnecessary to reversely adopt a polycrystal Silicon film and 
a tungsten film high in heat resistance as materials for the 
Second layer interconnection 32 and the connecting portion 
34. Copper apt to thermally diffuse can be utilized. It is thus 
possible to reduce the resistance of the Second layer inter 
connection 32 and the connecting portion 34 using copper 
which is high in conductivity and thereby improve the 
performance of the DRAM. 
O155 Incidentally, the present embodiment will be 
described in comparison with the technique or the like 
described in Japanese Patent Application Laid-Open No. Hei 
9-92794 in order to explain the effects of the present 
embodiment. 

0156 The technique described in Japanese Patent Appli 
cation Laid-Open No. Hei 9-92794 has a drawback in that 
Since each plug for connecting a first layer interconnection 
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and a Second layer interconnection is formed before a 
capacitor forming process, the number of plug forming 
processes increases. Since a capacitor is formed after the 
formation of the Second layer interconnection in addition to 
the above, a material like copper which is high in diffusion 
coefficient cannot be used for the Second layer interconnec 
tion. If the copper is used for the Second layer interconnec 
tion, then a heat treating proceSS at a high temperature of 
700 C. cannot be adopted for the capacitor forming process. 
However, Such a malfunction does not occur in the present 
embodiment. 

0157. In a DRAM which does not adopt the structure 
according to the present embodiment, a Second layer inter 
connection is formed even on each memory cell array after 
a forming process of a capacitor C. However, a Silicon oxide 
film is further deposited with a thickness of about 0.3 um to 
Satisfy the need for ensuring insulation from a plate elec 
trode, for example. Therefore, the interval between the 
Second layer interconnection and a first layer interconnec 
tion becomes 1.7 um. Since the Second layer interconnection 
is formed on an insulating film for Solving or eliminating a 
Steplike offset between a memory cell array region and a 
peripheral circuit region, the depth of each connecting hole 
for electrically connecting the Second layer interconnection 
and the first layer interconnection reaches 1.7 lim. Even if 
the 0.3 um-thick silicon oxide film is not formed, then the 
depth of each connecting hole results in 1.4 lim. Accord 
ingly, the length of each plug for electrically connecting the 
Second layer interconnection and the first layer interconnec 
tion reaches 1.4 um or more. The formation of Such a plug 
having a high aspect ratio needs to adopt a titanium nitride 
film embeddable even in a deep connecting hole or a 
tungsten film based on a blanket CVD method or the like. 
Thus, the resistance of each plug formed by Such a technique 
becomes about 592. Further, Since the connecting hole is 
deep, the manufacturing yield Stops or stays at about 70%. 
Since the interconnections for a peripheral circuit are con 
Structed of plugs each having Such a high resistance value, 
the operating frequency of the peripheral circuit is rate 
controlled by the resistance of each plug So as to result in 
about 125 kHz at a maximum. 

0158. In the present embodiment contrary to this, since 
copper which is low in resistivity is used for the principal 
conductive layer of each connecting portion 34 correspond 
ing to the plug and the length thereof is as Short as 0.7 um, 
the resistance value of the connecting portion 34 will be 192 
or less. Since the depth of the connecting hole 33 is shallow, 
a manufacturing yield of 99% or more can be ensured. Thus, 
the operating frequency of the peripheral circuit can be Set 
to be greater than or equal to 700 kHZ at a maximum because 
the principal conductive layer of each Second layer inter 
connection 32 is also comprised of copper as well as the 
connecting portion 34 whose principal conductive layer is 
made up of copper. 

0159. Incidentally, the present embodiment involves an 
example in which the connecting portions 34 are electrically 
connected to the first layer interconnections 18. However, 
the connecting portions 34 may be directly connected to the 
impurity Semiconductor regions 15 or gate electrodes 11 of 
the n channel and p channel MISFETs On and Qp without 
forming the first layer interconnections 18 and the plugs 22 
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within the peripheral circuit region (B region). In this case, 
each Second layer interconnection 32 functions as the first 
layer interconnection. 
0.160) Further, the present embodiment provides an 
example in which the Steplike offset caused by the capacitor 
C is reduced or relieved by the insulating film 24. However, 
an insulating film 30 having a thickness greater than or equal 
to the elevation of the capacitor C may be deposited without 
forming the insulating film 24 and flattened by polishing 
using the CMP method. In this case, for example, a Silicon 
nitride film may preferably be formed in the peripheral 
circuit region (B region) to prevent dishing of the peripheral 
circuit region (B region) due to CMP. 
0.161 Without having to use the insulating film 24 pro 
vided with each groove 48 for forming the lower electrode 
27 of the capacitor C, the insulating film 24 may be provided 
Such that, after the formation of the capacitor C, an insulat 
ing film having a thickness greater than or equal to the 
elevation of the capacitor is deposited and the deposited 
insulating film is etched with a photoresist film for covering 
the peripheral circuit region (B region) as a mask, So that it 
is formed So as to be left within the peripheral circuit region 
alone. 

0162 Further, the present embodiment provides an 
example in which the interconnections with the copper as 
the principal conductive layer are applied even to the third 
layer interconnections 39 and fourth layer interconnections 
43. However, a layered film consisting of, for example, a 
titanium film, an aluminum film and a titanium nitride film 
may be patterned after the formation of each plug connected 
to a lower interconnection So as to form third and fourth 
layer interconnections. 

Second Embodiment 

0163 FIG. 29 is a fragmentary cross-sectional view of a 
DRAM according to another embodiment of the present 
invention. The DRAM according to the present embodiment 
is similar to the DRAM according to the first embodiment in 
plane placement and circuit configuration (see FIGS. 1 and 
21. Thus, the description of these portions will be omitted. 
The DRAM according to the present embodiment is differ 
ent from the DRAM according to the first embodiment in the 
configuration from the Second layer interconnections up and 
the manufacturing method thereof alone. Other configura 
tions and the processes up to the process (see FIG. 21) of 
forming the wiring grooves 31 and connecting holes 33 
defined in the insulating film 30 are similar to the above. 
Accordingly, the description of these parts will be omitted as 
well. 

0164. Second layer interconnections 60 employed in the 
DRAM according to the present embodiment are respec 
tively formed within wiring or interconnection grooves 31 
formed in the neighborhood of the Surfaces of insulating 
films 30 and 24. As shown in FIG. 29, the Surface of each 
second layer interconnection 60 is flush with the surface of 
the insulating film 30. Further, the bottom face of the second 
layer interconnection 60 is positioned below the surface 
(corresponding to the Surface of each plate electrode 29) of 
a capacitor C. This point is similar to the first embodiment. 
0.165 Connecting holes 33 are defined in lower portions 
of the interconnection grooves 31 and connecting portions 
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61 are formed within the connecting holes 33, respectively. 
The Second layer interconnections 60 and connecting por 
tions 61 are integrally formed in a manner Similar to the first 
embodiment. Each Second layer interconnection 60 com 
prises a first conductive layer 60a composed of a titanium 
nitride film and a second conductive layer 60b composed of 
an aluminum film. Each connecting portion 61 comprises a 
first conductive layer 61 a composed of the titanium nitride 
film and a second conductive layer 61b composed of the 
aluminum film. 

0166 The second conductive layers 60b and 61b serve as 
principal conductive layers of the Second layer interconnec 
tion 60 and the connecting portion 61. Since they have the 
principal conductive layers each comprised of aluminum, 
the Second layer interconnection 60 and Connecting portion 
61 can be lowered in resistance and the response of a 
Semiconductor integrated circuit device, particularly, the 
operation of a peripheral circuit can be speeded up to 
improve the performance of the DRAM. The first conductive 
layerS 60a and 61a Serve as wetting layers used upon 
forming the aluminum film. 

0167 Since each connecting hole 33 is defined in the 
lower portion of the interconnection groove 31 in a manner 
Similar to the first embodiment, the depth of the connecting 
hole 33 can be made shallow by a length corresponding to 
the depth of the interconnection groove 31. Thus, the thick 
ness of the second layer interconnection 60 can be set to 0.7 
tim and the length of the connecting portion 61 can be set to 
0.7 um in a manner Similar to the first embodiment. AS a 
result, effects of the improvements in the reliability of 
connection by the restraint of the occurrence of the working 
failure and the manufacturing yield of the DRAM which 
have been described in the first embodiment, and an effect 
of an improvement in the performance of the DRAM due to 
the shortening of the length of each connecting portion 61 
can be also obtained in the same manner. 

0168 An interlayer insulating film 62 is formed over the 
upper Surfaces of the insulating film 30 and the Second layer 
interconnections 60, and connecting holes 63 are defined in 
the interlayer insulating film 62. A plug 64 comprised of a 
titanium nitride film 64a and a tungsten film 64b is formed 
in each connecting hole 63 and electrically connected to its 
corresponding Second layer interconnection 60 or plate 
electrode 29. The interlayer insulating film 62 can be formed 
as a TEOS oxide film, for example. 

0169. Third layer interconnections 65 each comprised of 
a titanium nitride film 65a, an aluminum film 65b and a 
titanium nitride film 65c are formed over the interlayer 
insulating film 62 and the plugs 64. The third layer inter 
connections 65 are covered with an interlayer insulating film 
66. Each fourth layer interconnection 67 comprised of a 
titanium nitride film 67a, an aluminum film 67b and a 
titanium nitride film 67c is formed over the interlayer 
insulating film 66. The fourth layer interconnection 67 is 
covered with an insulating film 68. The interlayer insulating 
film 66 and the insulating film 68 can be respectively 
constructed as a silicon oxide film formed by a CVD method 
utilizing, for example, bias Sputter in combination. The third 
layer interconnection 65 can be used as a main word line 
MWB or a shunt interconnection for each word line WL. 
The fourth layer interconnection 67 is electrically connected 
to its corresponding third layer interconnection 65 through 
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an unillustrated connecting portion. The fourth layer inter 
connection 67 can be used as a Y select line YS. A passi 
vation film 46 is formed over the insulating film 68. 
0170 A method of manufacturing the DRAM according 
to the present embodiment will next be described in process 
sequences with reference to FIGS.30 through 37. FIGS. 30 
through 37 are, respectively, croSS-Sectional views showing 
one example of a method of manufacturing a DRAM 
according to another embodiment of the present invention in 
proceSS Sequences. 

0171 The method of manufacturing the DRAM accord 
ing to the present embodiment is similar up to the process of 
FIG. 21 employed in the first embodiment as described 
above. 

0172 A titanium nitride film 69 is deposited over the 
entire Surface of a Semiconductor Substrate 1 containing the 
interior of interconnection grooves 31 and connecting holes 
33 by a CVD method, for example. Further, an aluminum 
film 70 is deposited by sputtering, for example (see FIG. 
30). Since the aluminum film 70 is deposited by sputtering, 
it is poor in Step coverage as shown in the drawing and hence 
is brought into a State having a void or the like. 

0173 Therefore, the semiconductor Substrate 1 is held 
under a high pressure of a out atmosphere. Under Such a high 
pressure, the temperature rises so that the aluminum film 70 
is brought to a State having fluidity, whereby the aluminum 
70 is completely embedded inside the interconnection 
grooves 31 and the connecting holes 33 (see FIG. 31). At 
this time, the titanium nitride film 69 serves as a wetting 
layer of the aluminum film 70 so as to make it possible to 
make the aluminum's fluidity better and improve 
embeddability. 

0.174 Next, the aluminum film 70 and the titanium nitride 
film 69 on the insulating films 30 lying within regions other 
than the interconnection grooves 31 are removed by polish 
ing using a CMP method. Thus, Second layer interconnec 
tions 60, each comprised of a first conductive layer 60a 
composed of a titanium nitride film and a Second conductive 
layer 60b composed of an aluminum film, are formed within 
their corresponding interconnection grooves 31. Further, 
connecting portions 61, each comprised of a first conductive 
layer 61 a composed of the titanium nitride film and a Second 
conductive layer 61b composed of the aluminum film, are 
formed within their corresponding connecting holes 33 (see 
FIG. 32). Thus, the second layer interconnection 60 is 
formed integrally with the connecting portion 61. 

0175) Next, a TEOS oxide film is deposited over the 
insulating films 30 and the second layer interconnections 60 
So as to form an interlayer insulating film 62. Further, the 
interlayer insulating film 62 and each insulating film 30 are 
etched by dry etching with a photoresist film as a mask to 
thereby form connecting holes 63 (see FIG. 33). 

0176). A titanium nitride film 71 and tungsten 72 are next 
Successively deposited over each interlayer insulating film 
62 including the interior of the connecting holes 63 (see 
FIG. 34). The titanium nitride film 71 and the tungsten 72 
on each interlayer insulating film 62, other than that in each 
connecting hole 63, are removed by polishing with the CMP 
method to thereby form plugs 64 each comprised of a 
titanium nitride film 64a and a tungsten film 64b (see FIG. 
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35). The titanium nitride film 64a and the tungsten film 64b 
can be deposited by a CVD method or sputtering. 
0177 Next, a titanium nitride film is deposited by the 
CVD method and an aluminum film is deposited by sput 
tering, whereby a layered film comprised of the titanium 
nitride film, the aluminum film and the titanium nitride film 
is deposited. Thereafter, the layered film is patterned by 
photolithography and dry etching techniques to thereby form 
third layer interconnections 65 each comprised of a titanium 
nitride film 65a, an aluminum film 65b and a titanium nitride 
film 65c (see FIG. 36). 
0178 Next, a silicon oxide film is deposited by the CVD 
method utilizing Sputtering in Superimposed form, whereby 
the silicon oxide film is embedded in each third layer 
interconnection 65. Thereafter, the silicon oxide film is 
flattened by the CMP method to form an interlayer insulating 
film 66. Further, unillustrated plugs and fourth layer inter 
connections 67 are formed in a manner similar to the third 
layer interconnections 65 (see FIG. 37). 
0179 Finally, an insulating film 68 is deposited over the 
entire Surface of the Semiconductor Substrate 1 and thereaf 
ter is Subjected to hydrogen annealing at a temperature of 
400 C. to recover any damage of each MISFET. Further, a 
passivation film 46 is deposited over the entire surface of the 
Semiconductor Substrate 1 to thereby Substantially complete 
the DRAM shown in FIG. 29. 

0180 According to the DRAM of the present embodi 
ment and the manufacturing method therefor, the same 
effects as those described in the first embodiment can be 
obtained. Since aluminum, which is low in electric resis 
tance is used in the present embodiment, the resistance value 
of each connecting portion 61 is less than or equal to 192. 
Further, Since the connecting hole 33 is short, the manufac 
turing yield reaches 99% or more. Since the second layer 
interconnections 60 and the connecting portions 61 are 
formed using aluminum, the operating frequency of a 
peripheral circuit results in 500 kHz at a maximum. 

Third Embodiment 

0181 FIG.38 is a plan view showing one example of the 
entire Semiconductor chip with a Semiconductor integrated 
circuit device formed therein according to a further embodi 
ment of the present invention. 
0182. The semiconductor integrated circuit device 
according to the present embodiment has a DRAM and a 
logic circuit mixed together within a single chip. The 
Semiconductor integrated circuit device has a logic unit 201 
and a memory unit 202. A CPU for performing logical 
operations or the like, a Stack, etc. are formed within the 
logic unit 201. Data storage elements are formed within the 
memory unit 202. A first I/O part 203 and a second I/O part 
204 are placed around the memory unit 202 and respectively 
control the input/output of data. Further, data inputted and 
outputted via the first I/O part 203 and the second I/O part 
204 is transmitted to a decoder unit 206, after which it is sent 
to the logic unit 201. 
0183 The chip size of the semiconductor integrated 
circuit device according to the present embodiment is 15x8 
mm. The memory capacity of the DRAM is 256 Mbits. 
0184 FIG. 39 is a fragmentary cross-sectional view of a 
DRAM according to the present embodiment. A memory 
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cell array region (A region) and a peripheral circuit region (B 
region) of the DRAM according to the present embodiment 
are Similar to those according to the first embodiment in 
these configurations and manufacturing method. Accord 
ingly, the description of their portions will be omitted. 
0185. The semiconductor integrated circuit device 
according to the present embodiment has a logic circuit 
region (D region) in addition to the memory cell array region 
(A region) and the peripheral circuit region (B region). The 
logic circuit region corresponds to a region other than the 
memory cell array region and the peripheral circuit region. 
For example, a logic unit 201, a first I/O part 203, a second 
I/O part 204, a bus 205, etc. are formed in the region. 
0186 Separation regions 7 and p-type wells 3 similar to 
the peripheral circuit region are formed on a Semiconductor 
Substrate 1 in the logic circuit region (D region). Similar to 
the peripheral circuit region, n-channel MISFETs. On are 
formed on a principal Surface of the Semiconductor Substrate 
1. Although n channel MISFETs Qn2 are shown by way of 
illustrative example in the present embodiment, p channel 
MISFETs may be used. Alternatively, a CMISFET structure 
may be provided. 
0187. A gate electrode 11, a cap insulating film 13, a side 
wall Spacer 16, and an impurity Semiconductor region 15 
constituting a Source-to-drain region of each n channel 
MISFET On2 are similar to those in the peripheral circuit 
region. Further, an interlayer insulating film 17, a TEOS 
oxide film 17, first layer interconnections 18 formed in an 
upper layer thereof, and plugs 22 are also similar to those in 
the peripheral circuit region. Moreover, an interlayer insu 
lating film 23, a silicon nitride film 23b, an insulating film 
24, an insulating film 30, Second layer interconnections 32, 
connecting portions 34, silicon nitride films 35, 41 and 44, 
interlayer insulating films 36 and 42, third layer intercon 
nections 39, connecting holes 38, fourth layer interconnec 
tions 43, a connecting portion 43b of each fourth layer 
interconnection, an insulating film 45 and a passivation film 
46 are similar to those in the peripheral circuit region. 
Therefore, their description will be omitted. The fourth layer 
interconnection 43 can be applied to the bus 205 for con 
necting the memory unit 202 and the logic unit 201 to each 
other. 

0188 The method of manufacturing the semiconductor 
integrated circuit device according to the present embodi 
ment is similar to a method of manufacturing the respective 
members in the peripheral circuit region, corresponding to 
the respective members in the above-described logic circuit 
region and is as described in the first embodiment. There 
fore, their detailed description will be omitted. 
0189 According to the semiconductor integrated circuit 
device of the present embodiment, the following effects are 
brought about in addition to the effects obtained in the first 
embodiment. Namely, as shown in FIG. 39, the regions 
(memory cell array region (A region) and peripheral circuit 
region (B region)) and the logic circuit region (D region) of 
the DRAM are electrically connected to one another by the 
Same Second layer interconnection 32, third layer intercon 
nection 39 and fourth layer interconnection 43. However, 
these interconnections are those having an excellent quick 
response with copper as a principal conductive layer. Thus, 
a portion corresponding to the DRAM and a portion corre 
sponding to the logic circuit are electrically connected to one 
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another by quick-response interconnections, and So the 
operating frequency of the Semiconductor integrated circuit 
device can be increased to improve the performance of the 
Semiconductor integrated circuit device. In the present 
embodiment, the operating frequency can be set to be greater 
than or equal to 700 kHz at a maximum. When the DRAM 
and the logic circuit are constructed by Semiconductor chips 
independent of each other in isolation, interconnections for 
connecting them are inevitably made long, Such quick 
response cannot provide a high operating frequency. On the 
other hand, even if the DRAM and the logic circuit are 
placed in the same chip in a mixed State, Such a high 
operating frequency is hard to obtain even when intercon 
nections high in resistivity are used and connecting portions 
or plugs high in resistance value are used to connect between 
different layers by Such interconnections. Namely, in the 
present embodiment, the resistance value of each connecting 
portion 34 is reduced, a copper material low in resistivity is 
used for the Second, third and fourth layer interconnections 
32, 39 and 43, and the same interconnection is used in the 
DRAM region and the logic circuit region, whereby the 
above-described drawbacks are Solved and the performance 
of the Semiconductor integrated circuit device is signifi 
cantly improved. 

0190. Although the features of the present invention have 
been described specifically by reference to illustrative 
embodiments, the present invention is not limited to the 
aforementioned embodiments. It is needless to Say that 
various changes can be made thereto within a Scope depart 
ing from the Substance of the invention. 

0191) While silicon MISFETs have been described by 
way of illustrative example in the above-described embodi 
ments, the present invention can be applied even to a MIS 
type Semiconductor device using other Semiconductor mate 
rials. 

0.192 The effects obtained by a typical one of the 
embodiments disclosed in the present application will be 
described in brief as follows. 

0193 (1) In a semiconductor integrated circuit device 
having memory cells each of which is formed with a COB 
Structure, the reliability of connection between a first layer 
interconnection and a Second layer interconnection, having 
a thick insulating film formed in the same layer as that for 
a Solid capacitor interposed therebetween, can be improved. 

0194 (2) The resistance of a hole portion for connection 
between the first layer interconnection and the Second layer 
interconnection can be reduced. 

0195 (3) Interconnections of the second layer intercon 
nection and up can be reduced in wiring resistance. 

0196) (4) A process for forming each second layer inter 
connection is used Subsequent to a capacitor forming pro 
ceSS requiring a high heat treating process. Even a material 
having a large thermal diffusion coefficient or a material 
having thermal fluidity can be used for the Second layer 
interconnection. 

0197) (5) The quick response of a peripheral circuit or 
logic circuit formed on the same Substrate as that for the 
DRAM having memory cells formed with the COB structure 
can be improved. 
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0198 Further, the above-described effects can be 
achieved without increasing the number of processes in 
particular. 

What is claimed is: 
1. A Semiconductor integrated circuit device, comprising: 
memory cell selection MISFETs formed in a memory cell 

array region on a Semiconductor Substrate; 
peripheral circuit MISFETs formed in a peripheral circuit 

region around Said memory cell array region; 
a first interlayer insulating film which coverS Said memory 

cell selection MISFETs and said peripheral circuit 
MISFETs; 

bit lines formed over said first interlayer insulating film 
lying in Said memory cell array region; 

at least one information Storage capacitive element pro 
vided with a lower electrode electrically connected to a 
Source-to-drain region of a memory cell Selection MIS 
FET; and 

a Second interlayer insulating film including: 
a first portion formed in the same layer as that for Said 

information Storage capacitive element So as to Sub 
Stantially eliminate a Steplike offset between Said 
memory cell array region and Said peripheral circuit 
region, which Steplike offset is caused by the height 
of Said information Storage capacitive element; and 

a second portion which covers said information storage 
capacitive element, 

wherein the Surface of Said Second interlayer insulating 
film is flattened and interconnection grooves are 
defined in the vicinity of the surface thereof, and 
interconnections having Surfaces within the same plane 
as Said Surface of Said Second interlayer insulating film 
are formed inside Said interconnection grooves. 

2. A Semiconductor integrated circuit device, comprising: 
memory cell selection MISFETs formed in a memory cell 

array region on a Semiconductor Substrate; 
peripheral circuit MISFETs formed in a peripheral circuit 

region around Said memory cell array region; 

logic circuit MISFETs which constitute an arithmetic 
circuit and other logic circuits formed in a logic circuit 
region other than Said memory cell array region and 
Said peripheral circuit region; 

a first interlayer insulating film which coverS Said memory 
cell selection MISFETs, said peripheral circuit MIS 
FETs and said logic circuit MISFETs; 

bit lines formed over said first interlayer insulating film in 
Said memory cell array region; 

at least one information Storage capacitive element 
formed over said bit lines and provided with a lower 
electrode electrically connected to a Source-to-drain 
region of a memory cell selection MISFET, and 

a Second interlayer insulating film including: 

a first portion formed in the same layer as that used for 
Said information Storage capacitive element So as to 
Substantially eliminate a Steplike offset between Said 
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memory cell array region and Said peripheral circuit 
region and logic circuit region, which Steplike offset 
is caused by the height of Said information Storage 
capacitive element; and 

a Second portion which coverS Said information Storage 
capacitive element, 

wherein the Surface of Said Second interlayer insulating 
film is flattened and wiring grooves are defined in the 
vicinity of the Surface thereof, and interconnections 
having Surfaces within the same plane as Said Surface of 
Said Second interlayer insulating film are formed inside 
Said wiring grooves. 

3. The Semiconductor integrated circuit device according 
to claim 2, wherein Said interconnections are formed only 
within one of Said peripheral circuit region or said peripheral 
circuit region and logic circuit region, without being formed 
within Said memory cell array region. 

4. The Semiconductor integrated circuit device according 
to claim 1, wherein a bottom face of each interconnection is 
positioned below the upper Surface of Said information 
Storage capacitive element. 

5. The Semiconductor integrated circuit device according 
to claim 2, wherein first layer interconnections composed of 
the same material as that for Said bit lines are formed over 
Said first interlayer insulating film in one of Said peripheral 
circuit region or Said peripheral circuit region and logic 
circuit region, and Said interconnections are respectively 
Second layer interconnections formed at portions above Said 
first layer interconnections. 

6. The Semiconductor integrated circuit device according 
to claim 5, wherein connecting holes are defined in lower 
portions of Said wiring grooves, and Said Second layer 
interconnections are connected to one of Said peripheral 
circuit MISFETs, said logic circuit MISFETs and said first 
layer interconnections through connecting portions formed 
integrally with Said Second layer interconnections inside Said 
connecting holes. 

7. The Semiconductor integrated circuit device according 
to claim 5, wherein one of Said first layer interconnections 
and connecting portions thereof or said Second layer inter 
connections and connecting portions thereof are respectively 
comprised of a metallic conductive material with copper as 
a principal conductive layer. 

8. The Semiconductor integrated circuit device according 
to claim 7, wherein a film Selected from a group consisting 
of a tantalum film, a niobium film, a tantalum nitride film, 
a titanium nitride film, a tungsten nitride film and a multi 
layer film consisting of a plurality of thin films are formed 
at an interface between Said principal conductive layer 
composed of copper and Said interconnection grooves and 
connecting holes. 

9. The Semiconductor integrated circuit device according 
to claim 7, wherein the surface of one of said first layer 
interconnection and Second layer interconnection is covered 
with a silicon nitride film. 

10. The Semiconductor integrated circuit device according 
to claim 5, wherein Said first layer interconnections and 
connecting portions thereof or Said Second layer intercon 
nections and connecting portions thereof are respectively 
comprised of a metallic conductive material with aluminum 
as a principal conductive layer. 

11. The Semiconductor integrated circuit device according 
to claim 10, wherein a titanium nitride film is formed at an 
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interface between Said principal conductive layer composed 
of aluminum and Said interconnection grooves and connect 
ing holes. 

12. The Semiconductor integrated circuit device according 
to claim 1, wherein Said each lower electrode has a cylin 
drical shape having an opening defined thereabove. 

13. The Semiconductor integrated circuit device according 
to claim 5, wherein an upper interlayer insulating film 
having an interconnection groove and an upper interconnec 
tion formed within Said interconnection groove and whose 
Surface is placed within the Same plane as the Surface of Said 
upper interlayer insulating film, are further formed over an 
upper layer of Said each first layer interconnection or Second 
layer interconnection. 

14. The Semiconductor integrated circuit device according 
to claim 1, wherein first layer interconnections composed of 
the same material as that for Said bit lines are formed over 
Said first interlayer insulating film in one of Said peripheral 
circuit region or Said peripheral circuit region and logic 
circuit region, and Said interconnections are respectively 
Second layer interconnections formed at portions above Said 
first layer interconnections. 

15. The Semiconductor integrated circuit device according 
to claim 14, wherein connecting holes are defined in lower 
portions of Said wiring grooves, and Said Second layer 
interconnections are connected to one of Said peripheral 
circuit MISFETs, said logic circuit MISFETs and said first 
layer interconnections through connecting portions formed 
integrally with Said Second layer interconnections inside Said 
connecting holes. 

16. The Semiconductor integrated circuit device according 
to claim 14, wherein one of Said first layer interconnections 
and connecting portions thereof or said Second layer inter 
connections and connecting portions thereof are respectively 
comprised of a metallic conductive material with copper as 
a principal conductive layer. 

17. The Semiconductor integrated circuit device according 
to claim 16, wherein a film Selected from a group consisting 
of a tantalum film, a niobium film, a tantalum nitride film, 
a titanium nitride film, a tungsten nitride film and a multi 
layer film consisting of a plurality of thin films are formed 
at an interface between Said principal conductive layer 
composed of copper and Said interconnection grooves and 
connecting holes. 

18. The Semiconductor integrated circuit device according 
to claim 16, wherein the surface of one of said first layer 
interconnection and Second layer interconnection is covered 
with a silicon nitride film. 

19. The Semiconductor integrated circuit device according 
to claim 14, wherein Said first layer interconnections and 
connecting portions thereof or Said Second layer intercon 
nections and connecting portions thereof are respectively 
comprised of a metallic conductive material with aluminum 
as a principal conductive layer. 

20. The Semiconductor integrated circuit device according 
to claim 19, wherein a titanium nitride film is formed at an 
interface between Said principal conductive layer composed 
of aluminum and Said interconnection grooves and connect 
ing holes. 

21. A Semiconductor integrated circuit device, compris 
Ing: 

memory cell selection MISFETs formed in a memory cell 
array region on a Semiconductor Substrate; 
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peripheral circuit MISFETs formed in a peripheral circuit 
region around Said memory cell array region; 

a first interlayer insulating film which coverS Said memory 
cell selection MISFETs and said peripheral circuit 
MISFETs; 

at least one information Storage capacitive element 
formed on Said first interlayer insulating film in Said 
memory cell array region and provided with a lower 
electrode electrically connected to one Source-to-drain 
region of each memory cell selection MISFET; and 

a Second interlayer insulating film having a thickneSS 
Substantially equal to the height of Said information 
Storage capacitive element, Said Second interlayer insu 
lating film being provided on Said first interlayer insu 
lating film in Said peripheral circuit region, 

wherein interconnections are formed inside Said Second 
interlayer insulating film in Said peripheral circuit 
region. 

22. A Semiconductor integrated circuit device, compris 
ing: 
memory cell selection MISFETs formed in a memory cell 

array region on a Semiconductor Substrate; 
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peripheral circuit MISFETs formed in a peripheral circuit 
region around Said memory cell array region; 

a first interlayer insulating film which coverS Said memory 
cell selection MISFETs and said peripheral circuit 
MISFETs; 

at least one information Storage capacitive element 
formed over Said first interlayer insulating film in Said 
memory cell array region and provided with a lower 
electrode electrically connected to one Source-to-drain 
region of each memory cell selection MISFET; and 

a Second interlayer insulating film provided on Said first 
interlayer insulating film in Said peripheral circuit 
region So as to reduce a Steplike offset developed 
between Said memory cell array region and Said periph 
eral circuit region due to the height of Said information 
Storage capacitive element, 

wherein interconnections are formed inside Said Second 
interlayer insulating film in Said peripheral circuit 
region. 


