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(52) U.S. Cl. .............................................................. 438/622 

(57) ABSTRACT 

A layer comprising a Second metal Silicide as a major 
constituent element or a layer comprising a Second metal as 
a major constituent element is formed Simultaneously by one 
Single chemical vapor deposition process to the bottom 
Surface of two out of there groups of openings etched in a 
dielectric film on a Substrate. A Surface comprising Silicon as 
a major constituent element is exposed at each bottom 
(“through holes or local interconnection holes”) of the first 
group of openings, a Surface comprising a first metal Silicide 
as a major constituent element is exposed at each bottom of 
the Second group of openings, and a Surface comprising a 
first metal as a major constituent element is exposed at each 
bottom of the third group of openings. The manufacturing 
method provides low contact resistance and Sufficiently 
Small junction leakage current from a diffusion layer in 
connection with plugs or local interconnections, even if the 
etched area of the openings are of different depths, Shapes, 
or sizes. 
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METHOD OF MANUFACTURING 
SEMCONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 This invention concerns a semiconductor device 
and a method of manufacturing the same. In particular, it 
relates to a method of manufacturing a memory Semicon 
ductor device having a fine connection plug, a high perfor 
mance logic Semiconductor device having a fine connection 
plug or a local wiring. It also relates to a memory/logic 
embedded LSI having a memory circuit and a logic circuit 
together. 

0003 2. Description of Related Art 
0004. In semiconductor devices now under development 
for higher integration density, application of a conductive 
layer formed by Stacking a low resistance material layer and 
a Silicon layer Such as a metal Silicide layer/silicon layer or 
a metal layer/metal nitride layer/silicon layer instead of an 
existent Single Silicon layer has been started (layer consti 
tution expressed by A/B means that A is an upper layer and 
B is a lower layer). This is because the stacked conductive 
layer is effective for the lowering of the sheet resistance of 
the conductive layer itself or reduction of contact resistance 
between the conductive layer and the interconnection layer 
disposed above it. 
0005. A first application example of the stacked conduc 
tive layer is Source and drain areas of MOS (Metal Oxide 
Semiconductor) transistors. A structure of Stacking to form 
a silicide layer of a metal Such as titanium or cobalt on the 
entire Surface of an impurity-doped diffusion layer compris 
ing Silicon instead of a diffusion layer of a Silicon mono 
layer has been used for a logic Semiconductor device Such as 
in a high Speed processor. Further, Study has also been made 
on a nickel silicide layer. When the metal silicide layer is 
formed over the entire surface of the diffusion layer such that 
both the diffusion layer resistance and the contact resistance 
between the diffusion layer and the upper interconnection 
layer are reduced. There is another technique for forming a 
Silicide layer of metal Such as titanium, cobalt or nickel on 
polysilicon of a gate layer simultaneously with Source and 
drain areas So as to obtain a gate layer as a Stack of metal 
Silicide layer/polysilicon layer, which also reduces the layer 
resistance of the gate layer. 
0006 The method for forming the metal silicide layer on 
the diffusion layer also includes a method for forming a 
Silicide layer of a metal, Such as titanium, only at the bottom 
of a through hole on the diffusion layer after etching the 
through hole to the diffusion layer rather than forming the 
metal silicide layer over the entire surface of the diffusion 
layer area. This intends to reduce the contact resistance 
between the metal interconnection layer and the metal 
silicide layer is formed only at the bottom of the through 
hole between the metal interconnection layer and the diffu 
Sion layer. Subsequently, a contact plug for burying the 
through hole (hereinafter simply referred to as "plug) is 
formed. This method is generally used for various Semicon 
ductor devices besides memory Semiconductor devices. 
0007. A second application example of the stacked con 
ductive layer is a gate layer of an MOS transistor. Layers of 
lower resistance have been used for a polysilicon mono 
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layer for the gate layer, a Stacked gate layer of metal Silicide 
layer/polysilicon layer, and a Stacked gate layer of metal 
layer/metal nitride layer/polysilicon layer. Furthermore, a 
Study on a laminate gate comprising a metal layer/metal 
nitride layer excluding the polysilicon layer has also been 
Started. 

0008. In view of the application of the stacked conductive 
layer as described above, there is a demand for forming a 
conductive layer providing Satisfactory electric contact to 
the Surface of a lower layer comprising different materials at 
the bottom of the through holes after etching the through 
holes for connecting a diffusion layer and an interconnection 
layer or for connecting a gate layer and an interconnection 
layer, or after etching the through holes further for connect 
ing plugs to each other. 
0009 For example, it has now been required to form a 
conductive layer providing Satisfactory electric contact both 
for a metal Silicide layer and a metal layer at the bottom of 
the through holes etched on the gate layer comprising a 
metal Silicide layer/polysilicon layer, a metal layer/metal 
nitride layer/polysilicon layer, and a Silicon layer at the 
bottom of the through holes etched on the silicon layer. 
Further, if a metal silicide is formed over the entire Surface 
of the diffusion layer, it is necessary to form a conductive 
layer providing Satisfactory electrical contact both for a 
metal silicide layer at the bottom of the through holes etched 
on a metal Silicide layer/silicon layer of a diffusion layer and 
for a metal layer at the bottom of the through holes etched 
on a gate layer comprising a metal layer/metal nitride 
layer/polysilicon layer. 
0010 For example, in an embedded LSI where a logic 
circuit and a DRAM (Dynamic Random Access Memory) 
circuit are integrated on a single Semiconductor device, or in 
a DRAM in which a metal silicide film identical with that in 
a logic Semiconductor device formed to a diffusion layer of 
a peripheral circuit area of a high Speed memory, it is 
necessary to form a conductive layer providing Satisfactory 
electric contact both for the diffusion layer in which a metal 
Silicide layer is formed on the Surface of a peripheral circuit 
areas of a logic circuit and for a plug layer at the bottom of 
the through holes etched to a plug layer comprising impu 
rity-doped polysilicon in the memory array area. 
0011 To avoid hindering the miniaturization of the semi 
conductor device or complicating manufacturing Steps, it is 
necessary to form a conductive layer in one single Step at the 
bottom of each of the through holes having a lower layer 
Surface comprising different materials as described above. 
0012 Further, it has become necessary to form a con 
ductive layer film in one Single Step at the bottom of a group 
of through holes of different depth, through holes or open 
ings for local interconnections of different shape and Size for 
the etched area So as to produce Smaller and more compli 
cated high performance Semiconductor devices. Particularly, 
the local interconnection technique is indispensable for 
miniaturization and higher performance of the logic Semi 
conductor device, and the shape of the etched area of 
openings for local interconnection (hereinafter S-imply 
referred to as “local interconnection hole') is generally 
formed in a rectangular shape with a long Side to Short Side 
ratio of 2 or more, in a rectangular shape or in an L-shape 
in which a longitudinal portion has a rectangular shape. The 
local interconnection is formed by burying the local inter 
connection hole with a metal layer. 
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0013 For forming a conductive layer at each of the 
bottoms for the group of through holes or local intercon 
nection holes having a lower layer Surface comprising 
different materials as described above, or for forming a 
conductive layer film in one single Step to each bottom of the 
through holes of different depths and to each bottom of the 
through holes or local interconnection holes having different 
shapes and sizes of etched area, a manufacturing method of 
forming a metal film is used. The method includes Sputter 
ing, Such as titanium, reacting at least a portion of a metal 
layer in contact with a Silicon layer or a metal Silicide layer 
at the bottom of the through holes or local interconnection 
holes by heat treatment at about 700° C. thereby additionally 
forming a metal Silicide layer So as to reduce the contact 
resistance to Silicon. The heat treatment is conducted just 
after the Sputtering Step or the reacting Step. 
0.014. The method is mainly used to provide a titanium 
Silicide layer. The metal Silicide layer is necessary for 
reducing the contact resistance between the Silicon layer or 
Silicon-containing metal Silicide layer and an upper metal 
interconnection layer. Particularly, in the plug or local 
interconnection to Silicon, when the plug or interconnection 
is formed, Such as of titanium nitride, Since the contact 
resistance increases if a reaction barrier layer comprising 
titanium nitride and Silicon are brought into direct contact, 
the metal Silicide layer is indispensable. 
0.015 Further, also in the formation of plugs or local 
interconnections to a diffusion layer in which a metal Silicide 
layer is formed over entire Surface, Since the Silicon layer 
may break through the metal Silicide layer by excess dry 
etching upon etching treatment of through holes or local 
interconnection holes So as to intrude into the through holes 
or local interconnection holes in which the Silicon layer is 
exposed at the lower portion, it is often necessary to addi 
tionally form a metal silicide layer at the bottom of the 
through holes or local interconnection holes after etching. 
The Japanese Patent Application No. 112157/1994 discloses 
a manufacturing method for forming a metal Silicide layer 
by Sputtering a metal film of titanium or the like after etching 
a through hole, reacting a metal film in contact with a Silicon 
layer or a metal Silicide layer at the bottom of the through 
hole with the silicon layer or silicon in the metal silicide 
layer by heat treatment So as to form a metal Silicide layer. 
0016. However, it has been found that a layer having a 
high contact resistance or a diffusion layer causing large 
leakage current are contained at the bottom of the through 
holes or local interconnection holes formed by the prior art 
as described above. 

0.017. The problem described above becomes most sig 
nificant when a Second heat treatment is Subsequently 
applied in addition to the required minimum heat treatment 
for forming the metal silicide layer. Particularly, if the metal 
silicide layer is formed over the entire surface of the 
diffusion layer, the surface of the diffusion layer or the 
junction portion of the diffusion layer formed as the metal 
Silicide layer has low heat resistance thereby the Second heat 
treatment often increases the contact resistance between the 
plug and the Surface of the diffusion layer and the leakage 
current in the diffusion layer. 
0.018. The insufficiency of the heat resistance depends on 
the thickness of the metal film formed by Sputtering and also 
depends on the material of the lower layer exposed at the 

Sep. 5, 2002 

bottom of the contact hole. The lack of heat resistance at the 
surface of the junction portion of the diffusion layer formed 
by the prior art causes a significant problem, especially it 
heat treatment is required at a high temperature of 600 C. 
or higher in the capacitor forming Step of a Semiconductor 
device. In other words, the heat treatment Step applied in the 
course of forming capacitors increases the contact resistance 
between the plug and the Surface of the diffusion layer 
remarkably or increases the junction leakage current of 
diffusion layer So as to damage the junction. 

0019. The material for the capacitive dielectric film of the 
capacitors in the memory circuit includes tantalum oxide or 
BST (barium strontium titanate) which are new in compari 
son with the traditionally used silicon oxynitride film. Any 
way, film deposition or heat treatment at a temperature of 
600 C. or higher is necessary to obtain a capacitor with a 
Small leakage current. 

0020) Further, film formation or heat treatment at a 
temperature of 600 C. or higher is also required for manu 
facturing a memory circuit with a ferroelectric film, Such as 
PZT (lead zirconium titanate) film or a SBT (strontium 
bismuth tantalate) film. 
0021. In the prior art, it was extremely difficult to adopt 
the heat treatment together with the formation of the metal 
silicide layer at the bottom of the through holes or on the 
Surface of the diffusion layer for reducing the layer resis 
tance or contact resistance. The heat treatment for forming 
capacitorS is required to increase the etched area of the 
through hole So as to offset the resulted increase of contact 
resistance per unit area, which causes a trouble for minia 
turization. Further, by lowering the heat treatment tempera 
ture in the capacitor Step to prevent the increase in the 
contact resistance or the increase in the junction leakage 
current of the diffusion layer, it is necessary to increase the 
thickness of the capacitor dielectric film So as to Suppress 
increase in the leakage current caused by the lowed tem 
perature of the heat treatment. However, this increases the 
capacitor area, which causes a trouble in miniaturization. In 
anyway, the problem described above gives a significant 
trouble in view of the manufacture of a new high perfor 
mance Semiconductor device. 

0022. Also in a case of requiring to form a conductive 
layer in one Single Step at each of the bottoms of a group of 
through holes of different depths or through holes or local 
interconnection holes of different shapes and Sizes for the 
etched area, the layer at the bottom of the through holes or 
local interconnection holes formed by the prior art method 
often results in a case where a layer exhibiting high contact 
resistance with respect to the plug or the local interconnec 
tion or a case where the layer in which the leakage current 
through the connected diffusion layer increases. In this case, 
it often results in a problem even in a case where heat 
treatment at high temperature is not applied, especially after 
forming the layer on the bottom. 

0023. Further, along with the demand for miniaturization, 
a further lower contact resistance by unit area and Smaller 
junction leakage current are demanded even for any shallow 
junction, which make the prior art even leSS Satisfactory. 

0024. The investigation by the inventors reveals that high 
contact resistance of the bottom layer, a large leakage 
current of the connected diffusion layer and, further, lack of 
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heat resistance for the bottom layer or the diffusion layer in 
the prior art are attributable to the formation of a metal 
Silicide layer with a thickness larger than an appropriate 
range on a layer exposed to the bottom of the through holes 
or the local interconnection holes, the formation of a metal 
mixture layer or an alloy layer having a thickness larger than 
an appropriate range, or the formation of a metal Silicide 
layer with a thickness outside of the appropriate range. 
Particularly, it has been found that when a high heat treat 
ment is applied after forming the bottom layer of the through 
hole or the local interconnection, the appropriate thickneSS 
range is narrowed. 
0.025 Generally, when the thickness of the formed metal 
Silicide layer is larger than the appropriate thickness range, 
the leakage current in the connected diffusion layer 
increases. Particularly, the junction Suffers from damages 
through the Subsequent processing Step, which further 
increases the junction leakage current. If the thickness of the 
formed metal mixture layer or alloy layer is larger than the 
appropriate thickness range, the contact resistance increases. 
By the additional heat treatment, the thickness of the metal 
mixture layer or alloy layer increases So as to further 
increase the contact resistance. When the thickness of the 
metal Silicide layer falls below the appropriate thickneSS 
range, the contact resistance increases because (1) that the 
film quality of the metal silicide layer is deteriorated if it is 
excessively thin, and (2) that the thin metal Silicide layer 
agglomerates by the heat treatment to cause local uneven 
distribution of the film thickness. 

0026 If the bottom of the through hole or the local 
interconnection hole is exposed when a metal layer is 
formed at the bottom by Sputtering, forming an identical 
thickneSS metal film does not depend on the material 
exposed on the bottom of the through hole So long as the size 
of the through hole is identical. That is, a metal film of an 
identical thickness is formed at the bottom of a through hole 
where Silicon is exposed, at the bottom of a through hole 
where a metal is exposed, and at the bottom of the through 
hole where a metal Silicide is exposed. 
0027. The shape of coverage formed with the conven 
tional metal film by Sputtering is thicker at the central 
portion and thinner at the periphery on the bottom of the hole 
but the thickness is identical in holes made in the same 
process. When heat treatment is applied Subsequently, any 
metal formed by Sputtering is reacted with Silicon to form a 
metal silicide layer at the bottom of the hole where silicon 
is exposed. Also, at the bottom of the hole where the metal 
Silicide is exposed, any metal formed by Sputtering is reacted 
into a metal silicide layer. At the bottom of the through hole 
where a metal is exposed, reaction is taken place between 
the metal and a metal formed further by Sputtering to form 
a metal mixture layer or an alloy layer. 
0028. When the thickness of the metal silicide layer 
formed by reaction with silicon at the bottom of the hole 
where Silicon is exposed is intended to be at an appropriate 
thickness, the thickness of the metal Silicide layer formed at 
the bottom of the hole where the metal silicide is exposed is 
often larger than the appropriate thickness. Similarly, at the 
bottom of the hole where the metal is exposed, a metal 
mixture layer or alloy layer of an excessive thickneSS is 
formed. 

0029 When it is intended to form the metal silicide layer 
formed at the bottom of the hole at an appropriate thickness, 
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the thickness of the metal silicide layer formed at the bottom 
of the hole where silicon is exposed is often less than the 
appropriate thickness. Further, at the bottom of the hole 
where a metal is exposed, a metal mixture layer or alloy 
layer of a Somewhat excessive thickness is formed. 
0030. When it is intended to form the metal mixture layer 
or alloy layer formed at the bottom of the hole where the 
metal is exposed at an appropriate thickness, the thickness of 
the metal silicide layer formed at the bottom of the hole 
where Silicon is exposed is often less than appropriate 
thickness. Further, at the bottom of the hole where the metal 
Silicide is exposed, a metal Silicide layer of a Somewhat 
insufficient thickneSS is formed. 

0031. In order not to damage the shallower junction 
required by miniaturizing a Semiconductor device, the upper 
limit for the thickness of the metal silicide layer in contact 
with the diffusion layer becomes Smaller. Accordingly, the 
range for the appropriate thickness of the metal Silicide layer 
also becomes Smaller, and it is extremely difficult to form a 
metal Silicide layer within an appropriate range of the 
thickness by the prior art. 
0032. It may be theoretically considered to form metal 
films to the bottoms of the respective through holes by 
Separate StepS and forming a metal Silicide layer of an 
appropriate thickness to each of the holes. However, Since 
the layer has to be formed Separately, this remarkably 
increases the number of Steps and complicate is the StepS. 
Therefore, it is almost impossible to apply this approach for 
actual manufacturing. Further, this method requires bigger 
alignment margins between the layers at the bottom of the 
through hole or the local interconnection hole, it becomes 
impractical, particularly, for micro Semiconductor devices. 
0033 Particularly, in a case of forming a conductive layer 
at the bottom of local interconnection holes of different 
shape or different Size of etched area by one Single Step, 
Since the coverage by Sputtering greatly depends on the 
aspect ratio of the local interconnection hole (depth to 
diameter ratio), the layer at the bottom of the local inter 
connection hole formed by the prior art by Sputtering often 
contains high resistance or causes a larger junction leakage 
current from the connected diffusion layer to the well or the 
Substrate. 

0034. It is impossible to classify the local interconnection 
holes into Several groups according to Size and shape So as 
to form metal films to the local interconnection holes of the 
respective groups Separately by Sputtering and to form a 
metal Silicide layer of an optimal thickness for each of the 
holes. 

0035 AS has been described above in the etching pro 
ceSS, in a dielectric film, at least two groups of through holes 
or local interconnection holes, among a first group of 
through holes or local interconnection holes in which a layer 
having a Surface comprising Silicon as a major constituent 
element is exposed at the bottom, a Second group of through 
holes or local interconnection holes in which a layer having 
a Surface comprising a first metal Silicide as a major con 
Stituent element is exposed at the bottom, and a third group 
of through holes or local interconnection holes in which a 
layer having a Surface comprising a first metal as a major 
constituent element is exposed at the bottom, it was impos 
sible by the prior art method to form a layer with a low 
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contact resistance and a Small junction leakage current from 
a diffusion layer and having a high heat resistance at the 
bottom for all of the holes simultaneously. 

SUMMARY OF THE INVENTION 

0036) This invention solves the foregoing problems in the 
prior art So as to provide a manufacturing method of a 
Semiconductor device with low contact resistance and Suf 
ficiently Small junction leakage current from a diffusion 
layer in connection with plugs or local interconnections. 
This also provides a Semiconductor device of higher inte 
gration density and higher performance. The manufacturing 
method maintains a Sufficiently Small junction leakage cur 
rent from the diffusion layer and low contact resistance via 
a heat treatment Step at high temperature after forming the 
diffusion layer and plugs to be connected there with, thereby 
providing a highly integrated memory Semiconductor device 
or a high performance memory/logic embedded LSI with 
micro-sized plugs. 
0037 Additionally, this invention provides a manufac 
turing method of a Semiconductor device with a Sufficiently 
Small leakage current from the diffusion layer and low 
contact resistance even if its through holes having different 
depth, or the through holes or local interconnection holes 
having different shape and Size of etched areas. This pro 
vides a high performance logic Semiconductor device or a 
high performance memory/logic embedded LSI having fine 
plugs or local interconnections. 
0.038 A manufacturing method of a semiconductor 
device according to this invention for attaining the principal 
object includes a Step of forming a layer comprising a 
Second metal Silicide as a major constituent element on a 
layer having a Surface comprising Silicon or a first metal 
Silicide as a major constituent element, and a layer com 
prising a Second metal as a major constituent element on a 
layer having a Surface comprising a first metal as a major 
constituent element, Simultaneously, by one single chemical 
Vapor deposition process to the bottom of each of openings 
of at least two out of three of openings groups. In the first 
group of through holes or local interconnection holes, a layer 
having a Surface comprising Silicon as a major constituent 
element is disposed at the bottom (“through holes or local 
interconnection holes' are hereinafter collectively referred 
to as "openings'). In the Second group of openings, a layer 
having a Surface comprising a first metal Silicide as a major 
constituent element is disposed at the bottom. In the third 
group of openings, a layer having a Surface comprising a 
first metal as a major constituent element is disposed at the 
bottom etched in a dielectric film on a Substrate. 

0039. A manufacturing method of a semiconductor 
device according to this invention for attaining the addi 
tional object comprises including a step of Simultaneously 
forming, by one Single chemical vapor deposition process, a 
layer comprising a Second metal Silicide as a major con 
Stituent element on a layer having a Surface mainly com 
prising Silicon or first metal Silicide as a major constituent 
element, and a layer having a Second metal as a major 
constituent element on a layer having a Surface comprising 
a first metal as a major constituent element, to the bottom of 
each of a group of through holes having an etched area on 
the Surface of the dielectric film shaped Substantially circular 
or Square, i.e., Substantially Symmetrical with respect to the 
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central point of the etched area, and each bottom for each of 
openings having an etched area in the Surface of the dielec 
tric film shaped rectangular with a pair of long Sides twice 
or more longer than a pair of Short Sides. 

0040 Another manufacturing method of a semiconductor 
device for attaining the additional object of the invention 
includes a step of Simultaneously forming, by one Single 
chemical vapor deposition process, a layer comprising a 
Second metal Silicide as a major constituent element on a 
layer having a Surface comprising Silicon or a first metal 
Silicide as a major constituent element to the bottom of each 
of the first group of through holes, where a layer having a 
Surface comprising Silicon or first metal Silicide as a major 
constituent element is disposed at a bottom, and to the 
bottom of each of the Second group of through holes, where 
a layer having a Surface comprising Silicon or a first metal 
Silicide as a major constituent element is disposed to the 
bottom. Each of the Second group of through holes has a 
depth by twice or more deeper than each of the first group 
of through holes. 

0041. The manufacturing method of a semiconductor 
device according to this invention will be explained more 
Specifically. For example, the plasma CVD proceSS is prac 
ticed by using plasmas of a gas mixture comprising titanium 
tetrachloride and hydrogen Such that a titanium Suicide layer 
is formed on Silicon when the temperature of the Substrate is 
Sufficiently high. 

0042. This is because the reaction between titanium and 
Silicon proceeds on Silicon and a reaction layer forms a 
Silicide layer Simultaneously with the formation of titanium 
layer by the plasma CVD process. See Technical Digest, 
IEDM (December, 1996), pages 361-364. It is described that 
the reaction between titanium and Silicon proceeds on sili 
con at a substrate temperature of 570° C. or higher. Further, 
it has also been described that the rate of forming the 
titanium Silicide layer on Silicon increases along with the 
increase of the Substrate temperature, while the rate of 
forming the titanium layer on Silicon dioxide is Substantially 
Saturated and constant. 

0043. A method for forming a metal silicide layer of 
titanium simultaneously on polycrystal Silicon of the Source, 
the drain, and the gate layer of an MOS transistor is 
described in U.S. Pat. No. 5,703,972. 

0044 Although not described in the cited patent, it is 
known that it is also possible not to form the titanium layer 
Substantially on Silicon dioxide by Selecting the conditions 
of the chemical vapor deposition process. 

0045. On the other hand, based upon the experiment by 
the present inventors, when the same processing (one single 
plasma CVD process) is applied on metal, Such as tungsten, 
Simultaneously, on Silicon, the titanium layer, even if formed 
on the metal, Such as tungsten, remains as a titanium layer 
Since reactant Silicon is not present. This may be anticipated 
from the result on silicon dioxide described above but it is 
demonstrated also by the experiment. 

0046. It has been found from the experiment described 
above that the rate of forming the titanium layer on the metal 
is Substantially constant within a temperature range while 
the titanium Silicide layer is formed in the same manner on 
silicon dioxide. Further, it has also been found that the 
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formation rate is identical for the dielectric film other than 
Silicon dioxide (eX, Silicon nitride). 
0047. Furthermore, a metal silicide layer of thin thickness 
is formed on the metal Silicide layer compared with that on 
Silicon when one Single film deposition processing is applied 
on the Silicide layer of metal, Such as titanium, Simulta 
neously with that on Silicon. This is because the reaction 
between titanium and Silicon proceeds on Silicide Simulta 
neously with the formation of the titanium layer in the same 
manner as that for the formation of the titanium Silicide layer 
on Silicon when the metal is titanium So as to form a titanium 
silicide layer, but the thickness of the resulted titanium 
Silicide layer is reduced since the amount of Silicon near the 
Surface is Smaller than that on the Silicon. 

0.048. In the experiment described above, a plasma CVD 
proceSS by titanium tetrachloride and hydrogen was used, 
but the kind and the thickness of the film to be formed 
generally differ depending on the material on the Substrate 
Surface. This is also true in forming the Silicide layer by 
utilizing the reaction with Silicon on the Substrate Surface. 
0049 Further, similar effects are obtained by a plasma 
CVD process using halides of metal (Such as tantalum, 
tungsten or molybdenum), cobalt compounds having carbo 
nyl groups (dicobalt octacarbonyl Co(CO), a cobalt tri 
carbonyl nitrosyl (Co(CO)NO, etc.) or an organic material 
containing the metals described above as one of Starting 
materials. This was also applicable in a chemical vacuum 
deposition process using titanium tetrachloride or the like as 
a starting material. 
0050. In each of the chemical vapor deposition processes 
described above, the coverage shape does not depend on the 
depth, shape or size of the etched area as in a Sputtering 
proceSS for forming the conductive film in one Single Step 
the inside of opening of different shape or the Size of the 
etched area. 

0051. The invention is different from the prior art that at 
least two out of three groups openings are present on the 
Substrate. In the first group of openings, a layer comprising 
Silicon as a major constituent element is exposed at the 
bottom. In the Second group of openings, a layer comprising 
a metal Silicide as a major constituent element is exposed at 
the bottom. In the third group of openings, a layer compris 
ing a metal as a major constituent element is exposed at the 
bottom. While one Single chemical vapor deposition proceSS 
is applied Simultaneously on the three groups of the open 
ings, and layers of different materials or different thickneSS 
are formed onto the bottom of the respective openings. 
0.052 In a case of forming a conductive layer by one 
Single Step inside each of the through holes of different 
depths or sizes, and each of the openings different in the 
shape or the size of an etched area. The coverage shape does 
not depend on the depth, the shape or the Size the etched area 
as in a Sputtering process. 

0.053 AS has been described above, through holes of low 
contact resistance and with Small junction leakage current 
for the connected diffusion layer can be formed simulta 
neously by one single CVD process. Further, even after heat 
treatment at a high temperature for forming the diffusion 
layer and the through holes, it still has a Small leakage 
current from the diffusion layer and low contact resistance in 
a memory Semiconductor device having micro-sized 
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through holes, a capacitor device, or a high performance 
Semiconductor device embedded with a memory circuit and 
a logic circuit. 
0054 While this invention is most effective for manu 
facturing a memory Semiconductor device or memory logic 
embedded LSI, it is also applicable to manufacture other 
Semiconductor devices, Such as logic Semiconductor 
devices. 

0055. Other and further objects, features and advantages 
of the invention will appear more fully from the following 
description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0056. The preferred embodiments of the present inven 
tion are illustrated in the accompanying drawings in which: 
0057 FIG. 1 is a cross sectional view for explaining a 
Semiconductor device manufactured by a first embodiment 
according to a Semiconductor manufacturing method of this 
invention; 
0058 FIG. 2 is the first set of sequential charts explain 
ing the first embodiment of the Semiconductor manufactur 
ing method of this invention in FIG. 1; 
0059 FIG. 3 is the second set of sequential charts 
explaining the first embodiment; 
0060 FIG. 4 is a circuit diagram of an apparatus in the 

first embodiment; 
0061 FIG. 5 is the third set of sequential charts explain 
ing the first embodiment; 
0062 FIG. 6 is the forth set of sequential charts explain 
ing the first embodiment; 
0063 FIG. 7 is the fifth set of sequential charts explain 
ing the first embodiment; 
0064 FIG. 8 is the sixth set of sequential charts explain 
ing the first embodiment; 
0065 FIG. 9 is the seventh set of sequential charts 
explaining the first embodiment; 
0066 FIG. 10 is a cross-sectional view of a comparative 
embodiment of the prior art with respect to the first embodi 
ment, 

0067 FIGS. 11A&C are cross sectional views for 
explaining the effect of the first embodiment verse those of 
the prior art in FIGS. 11B&D; 
0068 FIG. 12 is for a set of sequential charts explaining 
a Second embodiment according to this invention; 
0069 FIG. 13 is a top view of a third embodiment 
according to this invention; 
0070 FIG. 14 is a first set of sequential charts explaining 
the third embodiment; 

0071 FIG. 15 is a second set of sequential charts 
explaining the third embodiment; 
0072 FIG. 16 is a third set of sequential charts explain 
ing the third embodiment; 
0073 FIG. 17 is a forth set of sequential charts explain 
ing the third embodiment; 
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0.074 FIG. 18 is a fifth set of sequential charts explaining 
the third embodiment; and 
0075 FIG. 19B is a cross-sectional view of a compara 
tive embodiment of the prior art with respect to the third 
embodiment of the invention shown in FIG. 19A. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0.076 The method for manufacturing a semiconductor 
device according to this invention is to be explained in 
details by way of several embodiments illustrated in the 
drawings with reference to the preferred embodiments of the 
invention. 

0077 <Embodiment 12 
0078 A first embodiment of the invention for manufac 
turing memory/logic embedded LSI is to be explained with 
reference to FIG. 1 through FIG. 6. Specifically, this 
invention is applied to a manufacturing Step of a plug for 
connecting a first interconnection layer with a layer com 
prising plural materials. 
007.9 FIG. 1 shows a cross section of a memory/logic 
embedded LSI to which this invention is applied. In a 
memory array area 101 on the main Surface of a Silicon 
substrate 100, a three dimensional capacitor 103 using 
tantalum oxide as a principal dielectric layer 102 is formed. 
A lower electrode layer 104 is formed of polysilicon and an 
upper electrode layer 105 is formed of titanium nitride. 
0080) A diffusion layer 106 in the memory array area 101 

is silicon itself but a cobalt silicide layer 110 is formed to the 
surface of a diffusion layer 108 in a logic circuit area 107 
which contains peripheral circuits of a memory. A first 
interconnection layer (bit line in the memory circuit) 110 is 
a Stacked interconnection of a tungsten layer and a titanium 
nitride layer, and each of a Second interconnection layer 111 
and a third interconnection layer 112 is a Stacked intercon 
nection comprising an aluminum alloy layer located verti 
cally between the titanium nitride layers. Plugs (multi 
layered plug) 111, 114 formed of a tungsten layer and a 
titanium nitride layer are connected between the first inter 
connection layer 110 and the second interconnection 111 and 
between the second interconnection layer 111 and the third 
interconnection layer 112 respectively. A similar multi 
layered plug 115 also connects the first interconnection layer 
111 with the upper electrode layer 104 of the capacitor. 
0081. The stacked film of the first interconnection layer 
110 was formed simultaneously with burying of stacked film 
into through holes 116, 117 for connecting the first inter 
connection layer 110 and the underlayer. The plugs 121, 122 
are formed by burying. The through hole 116 is in the logic 
circuit area in which the cobalt silicide layer 109 is exposed 
at the bottom of the hole upon etching. A through hole 117 
is in the memory array area 101 in which the silicon of the 
diffusion layer 106 is exposed onto the bottom of the hole 
upon etching. 

0082. After etching the through holes 116, 117, a titanium 
silicide layer 119 of about 7 nm thick, a titanium layer (not 
illustrated) of about 3 nm thick, and a titanium Silicide layer 
120 of about 15 nm thick are formed simultaneously on the 
bottom of the through hole 116 etched in the logic circuit 
area 107 for connecting the first interconnection layer 110 
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and the diffusion layer 108 having the cobalt silicide layer 
109 formed at the surface, at the bottom of a through hole 
(not illustrated) etched in the logic circuit area 107 for 
connecting the first interconnection layer 110 and the tung 
sten layer of the stacked gate layer 118 (word line in the 
memory circuit), and at the bottom of the through hole 117 
etched in the memory array area for connecting the first layer 
wiring interconnection 110 and the diffusion layer 106 
respectively by one Single chemical vapor phase deposition 
(CVD) process. The manufacturing method of the semicon 
ductor device shown in FIG. 1 is to be explained specifi 
cally. 

0083 FIG. 2A shows a cross section of a silicon Sub 
strate 200 at the intermediate manufacturing step for a 
memory/logic embedded LSI shown in FIG. 1. After pre 
paring a shallow trench device isolation area 201, an MOS 
transistor 202 is formed. 

0084. A gate layer 203 is a stacked conductive layer of 
tungsten/tungsten nitride/impurity-doped polysilicon, and a 
cap layer comprising Silicon dioxide is present on the gate 
layer 203. A side wall 205 comprising silicon dioxide is 
formed on the gate layer 203 in a logic circuit area 204 
which includes peripheral circuits of the memory. 
0085. An impurity area is prepared by introducing vari 
ous impurities forms a diffusion layer. The depth of the 
diffusion layer 206 in the logic circuit area 204 is about 90 
nm from the Surface of the silicon Substrate for both n' and 
p" diffusion layers. The depth for the diffusion layer 206 is 
determined based on the depth at a density of 1x10' N or 
more per cubic centimeter. A cobalt silicide layer 207 of 
about 15 nm thick is selectively formed on the surface of the 
diffusion layer 206 in the logic circuit area 204. The cobalt 
Silicide layer is not formed on the Surface of a diffusion layer 
209 in the memory array 208. 

0086) The cobalt silicide layer 207 is formed by the 
following method. At first, after covering the entire main 
Surface of the Substrate 200 with a silicon dioxide film, the 
silicon dioxide film in the logic circuit area 204 is removed 
by a well-known photolithography and wet etching tech 
nique. After cleaning with an aqueous hydrofluoric Solution, 
a cobalt film of 8 nm thick is formed by sputtering and the 
cobalt silicide layer 207 is formed selectively only onto the 
diffusion layer area 206 in which the silicon Substrate 200 is 
exposed by rapid thermal annealing nitrogen at 670 C. for 
one minute. In this stage, the cobalt silicide layer 207 does 
not form into the lowest resistance phase. 
0087. After removing an unreacted cobalt film and a 
reaction product layer of cobalt and Silicon dioxide on the 
silicon dioxide film by wet etching with a mixed solution of 
Sulfuric acid/hydrogen peroxide, rapid thermal annealing is 
applied to argon at 800° C. for one minute. This forms a 
cobalt silicide layer 207 with a low resistance phase on the 
surface of the diffusion layer 206. The cobalt silicide layer 
207 is about 15 nm thick. 

0088. Then, as shown in FIG.2B, an interlayer dielectric 
film 210 is formed to cover the MOS transistor 202, the 
diffusion layer 209, and the cobalt silicide layer 207 which 
is on the diffusion layer 206, and the surface is planarized by 
CMP (Chemical Mechanical Polishing). The interlayer 
dielectric film 210 used in this embodiment is a silicon 
dioxide film formed from Silane and nitrogen Sub-Oxide (the 
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Starting material) by plasma CVD with high density plas 
mas. The thickness of the interlayer dielectric film 210 
measured after CMP from the original Surface of the silicon 
substrate 200 was about 0.35 um. 
0089 Subsequently, as shown in FIG. 2C, a through hole 
211 is etched for connecting the lower electrode of the 
capacitor and the diffusion layer 209 in the memory array 
208. The through hole 211 etched by the well-known elec 
tron beam lithography and dry etching technique has a 
diameter of about 0.12 lum. A phosphorus-doped silicon film 
is formed by a low pressure CVD process, and the silicon 
film on the interlayer dielectric film 210 is removed by the 
CMP method to form polysilicon plugs 212 shown in FIG. 
3A. 

0090 Then, as shown in FIG.3B, after forming a silicon 
dioxide film 213 over the entire main Surface of the silicon 
substrate 200, through holes 214 for connecting a first 
interconnection layer and the diffusion layer 209 in the 
memory array area 208, through holes 215 for connecting 
the first interconnection layer and the diffusion layer 206 in 
the logic circuit area 204, and through holes 216 shown in 
FIG. 3D for connecting the first interconnection layer and 
the gate layer 203 in the logic circuit region 204 are etched 
Simultaneously. 
0091 FIG. 3D shows a portion of another cross section 
of the silicon Substrate 200. The diameter for each of the 
through holes 214, 215 and 216 etched by the well-known 
electron beam lithography and dry etching technique is 
about 0.12 um. In this case, the three groups of through holes 
214, 215 and 216 are etched simultaneously. Since, the depth 
of the through hole 216 for connecting the first intercon 
nection layer and the gate layer 203 in the logic area 204 is 
different from that of other through holes 214, 215, the 
through hole 216 may be etched by a separate Step. 
0092. The surface of the diffusion layer 209 in the 
memory array area208 is made of silicon, the cobalt silicide 
layer 207 is present on the diffusion layer 205 in the logic 
circuit area 204, and the surface of the gate layer 203 in the 
logic circuit area 204 is made of tungsten. The three mate 
rials were exposed in the lower portions of the respective 
through holes by etching the three groups of the through 
holes 214, 215 and 216. 
0.093 FIG. 4 shows a plasma chemical vapor deposition 
apparatus used in this embodiment. After cleaning a Silicon 
substrate 300 in a intermediate manufacture step of the 
memory/logic embedded LSI described above, the LSI is 
placed on a specimen table 302 in a reactor 301 at a reduced 
preSSure of the plasma chemical vapor deposition apparatus 
shown in FIG. 4. The surface of the specimen table 302 
contacting with the silicon Substrate 300 is pre-heated to 
660 C. After introducing 10 sccm of titanium tetrachloride 
and 700 sccm of hydrogen from a shower head 303, a radio 
frequency power of 800 W at 450 KHZ is applied by a radio 
frequency power source 304. The shower head 303 is 
insulated by an insulator 305 from the reactor 301. Plasma 
discharge is generated by applying the radio frequency 
power between the shower head 303 and the silicon Sub 
strate 300, as well as between the shower head 303 and the 
Specimentable 302 opposed thereto. During discharging, the 
pressure in the reactor 301 is reduced to 70 Pa with a vacuum 
exhaustion pump 306. 
0094. By discharging for two minutes, a titanium silicide 
layer 217 of about 15 nm thick is formed on the diffusion 
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layer 209 comprising silicon onto the bottom of the through 
hole 214 in the memory array area208 as shown in FIG. 5A. 
0095 Alayer 218 mainly comprising titanium silicide of 
about 7 nm thick is further formed on the cobalt silicide 
layer 207 on the surface of the diffusion layer 206 at the 
bottom of the through hole 215 in the logic circuit layer 204. 
The layer 218 mainly comprising titanium silicide in this 
embodiment contains cobalt. The cobalt content varies 
depending on the processing conditions by the apparatus 
shown in FIG. 4. It is possible not to incorporate cobalt at 
all. By the deposition of the titanium silicide layer 218, a 
portion of the cobalt silicide layer 207 becomes the deeper 
position of the substrate 200. 
0096. A titanium film 219 of about 3 nm thick is formed 
on the planarized silicon dioxide film 213. The film is 
scarcely deposited on the silicon dioxide film 213 on the side 
wall inside the through holes 214 and 215. 
0097 FIG. 5B is a view illustrating a portion of another 
cross section for the silicon Substrate 200. A titanium film 
220 of about 2 nm thick is formed on the tungsten layer of 
the stacked gate layer 203 at the bottom of the through hole 
216 in the logic circuit area 204. The film is scarcely formed 
on the silicon dioxide film 213 on the side wall inside the 
through hole 216. 
0098. As described above, in this embodiment, the tita 
nium silicide layer 127, the layer 218 mainly comprising 
titanium silicide, and the titanium film 220 are formed 
Simultaneously by one Single CVD process. 
0099. Then, after introducing 700 sccm of nitrogen from 
the shower head 303 in the same reactor 301 as used in the 
previous processing of the apparatus shown in FIG. 4, a 
radio frequency power of 500W at 450 KHZ is applied to the 
substrate 200 for one minute by the radio frequency power 
Source 304 to nitride the titanium film 219 on the planarized 
silicon dioxide film 213 shown in FIGS. 5A, 5B so as to 
form a substantially titanium nitride film 219. The nitrida 
tion is a processing for improving the adhesion to the Silicon 
oxide film 213. The titanium layer 220 on the gate layer 203 
is also nitrided by the processing. 
0100. Then, the silicon substrate 200 becomes another 
reactor (not illustrated) connected by a vacuum transfer 
chamber (not illustrated) of the apparatus shown in FIG. 4 
and the titanium nitride film 221 of 20 nm thick is formed 
by CVD using titanium tetrachloride and ammonia as Start 
ing materials as shown in FIGS. 5C&5D. The temperature 
for forming the titanium nitride film 221 is 580 C. 
0101 Further, in another reactor (not illustrated) of the 
apparatus shown in FIG. 4, a tungsten film 222 of 70 nm 
thick is formed by CVD using tungsten tetrafluoride and 
hydrogen as shown in FIGS. 6A, 6B. The temperature for 
forming the tungsten film 222 is 430 C. 
0102. By forming the titanium nitride film 221 and the 
tungsten film 222 described above, plugs 241 are formed in 
the through holes 214, 215 and plugs 242 are formed in the 
through holes 216. 
0103) Subsequently, as shown in FIGS. 6C, 6D, pattern 
ing is applied to the Stacked conductive film comprising the 
tungsten film 222 and the titanium nitride films 219, 221 by 
the well-known lithography and dry etching technique with 
an exposure device using fluorine krypton lasers as a light 
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Source to form a first interconnection layer 223. Further 
more, a Silicon dioxide film 224 is formed and the Surface is 
planarized by the CMP method. The method of forming the 
silicon dioxide film 224 is the same as that for the silicon 
dioxide film 210, which is a plasma CVD process using high 
density plasmas. 

0104. In this embodiment, the titanium nitride film 221 
and the tungsten film 222 which are identical with those 
layerS formed inside the three groups of the through holes 
214, 215 and 216 are used to form the first interconnection 
layer 223 as described above. Alternatively, the first inter 
connection layer 223 may be formed by removing the films 
on the silicon dioxide film 213 except the titanium nitride 
film 221 and the tungsten film 222 formed inside the through 
holes 214, 215 and 216 after forming the films 221 and 222 
by CMP, and then forming the film as the first interconnec 
tion layer 223. Both in the method of this embodiment and 
in the case of forming the first interconnection layer after 
CMP, the processing of nitriding the titanium film 219 on the 
silicon dioxide film 213 into a titanium nitride film 219 is 
eliminated. 

0105. As shown in FIG. 7A, a lower electrode layer 225 
comprising polysilicon is formed in a memory array by a 
Subsequent processing to the substrate 300. 
0106 After applying rapid thermal annealing at 800 C. 
for one minute on ammonia to the Substrate 200 described 
above nitride onto the surface of polysilicon of the lower 
electrode layer 225, a tantalum oxide film 226 of 9 nm thick 
is formed by a low pressure CVD using penta ethoxy 
tantalum and oxygen as Starting materials as shown in FIG. 
7B. The temperature for forming the tantalum oxide film 226 
by CVD is 480 C. After forming the tantalum oxide film 
226, heat treatment is conducted in oxygen at 800° C. for 
Seven minutes to oxidize the Surface of the lower electrode 
225 and, Simultaneously, to crystallize the tantalum oxide 
film 226. 

0107. It is well-known that the tantalum oxide film 
formed by CVD exhibits large leakage current and that the 
capacitor using the same material and method for the 
dielectric film has low break down Voltage Since the dielec 
tric constant is also Small. Then, the heat treatment after 
forming the film adopted in this embodiment is indispens 
able in a capacitor using the tantalum oxide film as the 
dielectric film. A capacitor comprising the tantalum oxide 
film 226 as the main dielectric film has Sufficient breakdown 
Voltage and capacitance obtained by the heat treatment. 

0108. Also in most dielectric thin films other than those 
made of tantalum oxide, leakage current is large from the 
film formed by CVD or sputtering. For example, if a BST 
film formed by CVD or Sputtering, heat treatment annealing 
oxygen at high temperature 600 C. or higher is required 
after forming the film for obtaining high capacity break 
down Voltage. The heat treatment is a thermal process at the 
highest temperature after forming the first interconnection 
layer 222. Upon heat treatment, the resistivity of the tita 
nium silicide layers 217, 218 are lowered without large 
change in the thickness. That is, the titanium Silicide layer 
217 remained about 15 nm thick while the titanium silicide 
layer 218 remained about 7 nm thick. 
0109) As shown in FIG. 7C, a titanium nitride film 227 
as an upper electrode is formed by CVD. The temperature 
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for forming the titanium nitride film is 520 C. The step is 
advanced further by patterning applied to the titanium 
nitride film 227 and the tantalum oxide film 226 of the upper 
electrode so as to form a silicon dioxide film 228 on the 
capacitor, and the Surface is flattened again by CMP as 
shown in FIG. 8A. The method for forming the silicon 
dioxide film 228 is identical with that for the silicon dioxide 
film 210, i.e., plasma CVD. 
0110 Subsequently, through holes 230 and 231 for con 
necting a Second interconnection layer and the upper elec 
trode layer 229 of the capacitor and for connecting the 
Second interconnection layer and the first interconnection 
layer 223 are etched by applying the well-known electron 
beam lithography and dry etching technique, a titanium 
nitride film and a tungsten film are formed Successively by 
the same method. Further, the tungsten film and the titanium 
nitride film on the planarized silicon dioxide film 228 are 
polished and removed by CMP to form plugs 232 and 233 
each comprising a Stacked conductive film of tungsten and 
titanium nitride as shown in FIG. 8B. 

0111. Then, as shown in FIG. 9A, a second interconnec 
tion layer 237 comprising an aluminum alloy layer 236 
containing 0.5% by weight of copper sandwiched vertically 
between titanium nitride layers 234 and 235 is formed. The 
film of the titanium nitride layers 234 and 235 and the 
aluminum alloy layer 236 are deposited by Sputtering. 
Patterning is then applied by the lithography and dry etching 
technique with an exposure device using fluorine krypton 
lasers as a light Source. 
0112 Subsequently, as shown FIG. 9B, after forming a 
silicon dioxide film 238 in the same manner as for the silicon 
dioxide film 228 and then planarizing the same, a plug 239 
comprising a multi-layered conductive film of tungsten and 
titanium nitride for connecting the upper interconnection 
layer and the second interlayer connection 237 is formed in 
the etched area of the silicon dioxide film 238, and then a 
third interconnection layer 240 is formed. The third inter 
connection layer 240 is also an aluminum alloy layer Ver 
tically placed between the titanium nitrite layers, and the 
forming method is identical with that for the second inter 
connection layer 237. 

0113. When a silicon dioxide film and a silicon nitride 
film are Successively formed to the main Surface of the 
Substrate for protecting the Semiconductor device and an 
etched Section is formed for connection with the outside, a 
memory/logic embedded LSI formed on the silicon Substrate 
100 shown in FIG. 1 is obtained. 

0114 For comparison, a memory/logic embedded LSI 
can also be produced by the existent method. A Silicon 
substrate 200 in the intermediate manufacture stage of the 
memory/logic embedded LSI shown in FIGS. 3C, 3D is 
placed on a Specimen table of the Sputtering apparatus, and 
then a titanium film 400 of 50 nm thick is formed on the 
planarized silicon dioxide film 213 over the entire main 
surface by sputtering to form a structure as shown in FIGS. 
10A, 10B. 
0115 A titanium film 400 formed by sputtering has a 
coverage shape inherent in Sputtering (over hang shape) due 
to the Shadowing effect of the Surrounding Silicon dioxide 
film 213 inside the through holes 214 and 215 which is thick 
in the central portion and thin at the periphery at the bottom 
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of the through holes 214 and 215. The thickness of the 
titanium film 400 at the central portion is about 7 mm. The 
thickness of the titanium film 400 in the central portion at the 
bottom of the through hole 216 is about 10 nm. 
0.116) Subsequently, the titanium film in contact with the 
silicon diffusion layer 209 or the cobalt silicide layer 207 is 
reacted with silicon by rapid thermal annealing at 700 C. 
for one minute on argon to form a titanium Silicide layer. In 
this step, a portion of the titanium film 400 in contact with 
tungsten of the Stacked gate film 203 reacts with tungsten. 
0117 Successively, when an unreacted titanium film, a 
reaction product layer of titanium and Silicon dioxide on the 
silicon dioxide film 213, and an unreacted titanium film on 
tungsten of the Stacked gate layer 203 are removed by wet 
etching with a mixed Solution of hydrogen peroxide/ammo 
nia, a structure as shown in FIGS. 10C, 10D is formed. The 
removing step is adopted because the titanium film 400 of 
the overhand shape to avoid hindering burying the titanium 
nitride film and the tungsten film into the through holes 214, 
215 and 216. A titanium silicide layer 401 of about 15 nm 
thick (thickest at the central portion) is formed on the 
diffusion layer 209 comprising silicon at the bottom of the 
through hole 214 in the memory array area 208. 

0118) A titanium film 402 of about 15 nm thick (thickest 
at the central portion) is further formed on the cobalt silicide 
layer 207 on the surface of the diffusion layer 206 at the 
bottom of the through hole 215 in the logic circuit area 204. 
The titanium film over the silicon dioxide film 213 on the 
side wall inside the through holes 214 and 215 is removed 
by wet etching. A film 403 comprising an alloy or a mixture 
of titanium and tungsten of about 2 nm thick (thickest at the 
central portion) is formed on the tungsten layer of the 
stacked gate layer 203 at the bottom of the through hole 216 
in the logic circuit area 204. The titanium film not yet 
reacted with tungsten on the silicon dioxide film 213 on the 
side wall and on the gate layer 203 inside the through hole 
216 is removed by wet etching. 

0119) The same processing as those in Embodiment 1 
according to this invention may be applied to the Substrate 
200 formed with the prior art method after forming the 
titanium nitride film So as to manufacture a Semiconductor 
device similar to the memory/logic embedded LSI shown in 
FIG. 1. 

0120 Characteristics of the devices are measured by 
using a pattern for testing the memory/logic embedded LSI 
according to this invention. A Step of Selectively removing 
a portion of the cobalt Silicide layer in the logic circuit area 
is added for measuring the characteristics, So that the contact 
resistance between the diffusion layer and the first intercon 
nection layer in the logic area (i.e., resistance from the first 
interconnection layer by way of the titanium Silicide layer to 
the diffusion layer) is also measured. The characteristics can 
be measured in the Same manner also for the Semiconductor 
devices made by the prior art method. 
0121 There is no substantial difference in the contact 
resistance of through holes of 0.12 um diameter between the 
first interconnection layer and the diffusion layer having the 
Silicon Surface in the memory array area between the Semi 
conductor device made according to this invention and those 
in the Semiconductor device made by the prior art method. 
The contact resistance between the first interconnection 
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layer and the diffusion layer in the logic circuit layer, in 
which a cobalt silicide layer is formed over the entire 
Surface, is measured by an evaluation pattern in which the 
first layer wiring and the cobalt Silicide layer are connected 
by way of through holes of 0.12 um diameter, and the cobalt 
Silicide layer and the diffusion layer by way of etched areas 
of 0.3 umx0.3 um. 
0122) When the resistance of each through hole is mea 
sured by the Kelvin method, the contact resistance is 1.1 KS2 
in average for a p" diffusion layer and 7002 in average for 
an n diffusion layer in the Semiconductor device according 
to this invention. On the other hand, the contact resistance is 
1.6 KS2 in average for the p" diffusion layer and 1.1 KS2 in 
average for the n diffusion layer in the Semiconductor 
device of the prior art, which is about 1.5 times higher than 
the Semiconductor device according to this invention. Fur 
ther, for each of n and p" through holes, the value of the 
Standard deviation indicative of the Scattering of the contact 
resistance is smaller by about 50% in the semiconductor 
device according to this invention. 
0123 For the through holes of 0.12 um diameter between 
the first interconnection layer and the gate layer in the logic 
circuit area in which tungsten is present on the Surface, the 
contact resistance for each through hole is measured by the 
Kelvin method is 52.39.2 in average in the semiconductor 
device according to this invention. While the contact resis 
tance is 83.592 in average in the Semiconductor device of 
according to the prior art and, accordingly, the resistance is 
about 40% lower in the semiconductor device made accord 
ing to this invention. Further, the value of the standard 
deviation indicative of the Scattering of the resistance is 
about 40% smaller in the semiconductor device made 
according to this invention. 
0.124. Further, the junction leakage current of the diffu 
Sion layer is measured by using a pattern in which about 
10,000 of through holes of 0.12 um diameter are formed on 
the diffusion layer. For the through holes between the first 
interconnection layer and the diffusion layer, there is no 
Substantial difference in terms of junction leakage current 
both for n and p" diffusion layers between the semicon 
ductor device made according to this invention and the 
semiconductor device made by the prior art method. For the 
through holes between the first interconnection layer and the 
diffusion layer in the logic circuit area in which the cobalt 
Silicide is formed over the entire Surface, the junction 
leakage current of the n' and p" diffusion layerS is about one 
digit Smaller in the Semiconductor device made according to 
this invention compared with the Semiconductor device 
made by the prior art method. 
0.125 By observing the cross section at the bottom of the 
through holes by a Scanning electron microscope or trans 
mission electron microScope, it is found in the Semiconduc 
tor device made according to this invention that titanium 
silicide of about 15 nm thick is formed on the silicon 
diffusion layer at the bottom of the through holes in the 
memory array area, and titanium Silicide of about 15 nm 
thick is formed at an identical position of the Semiconductor 
device made by the prior art method. There is no remarkable 
difference between both of the titanium silicide layers except 
that the titanium Silicide layer formed by the manufacturing 
method according to this invention is uniform in thickness. 
0126 FIGS. 11A, 11B show the bottoms of the respec 
tive through holes in the logic circuit area of the Semicon 
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ductor devices according to the present invention and the 
prior art. The result observed by a Scanning electron micro 
Scope is depicted as an example. In the Semiconductor 
device made according to the manufacturing method of this 
invention in FIG. 11A, a layer 218 comprising titanium 
Silicide as a major constituent element of about 7 nm thick 
is formed on a cobalt silicide layer 207 of about 15 nm thick 
on the surface of the diffusion layer at the bottom of the 
through hole to the diffusion layer 209 in the logic circuit 
area where a cobalt silicide 207 is formed on the Surface. As 
Such, the layer 218 comprising titanium Silicide as the major 
constituent element further contains cobalt. The cobalt sili 
cide layer at the bottom of the through hole etched in the 
silicon dioxide film 210 moves toward the deeper side of the 
substrate 200. A titanium nitride film 221 and a tungsten film 
222 are formed on the titanium silicide layer 218. 
0127. To the contrary, in the semiconductor device of the 
prior art shown in FIG. 11B, a titanium silicide layer 402 of 
about 15 nm thick at most thick portion is formed on a cobalt 
silicide layer 207 of about 15 nm thick on the surface of the 
diffusion layer 200. The titanium silicide layer 402 also 
contains cobalt. The cobalt silicide layer 207 at the bottom 
of the through hole moves to a deeper Side of the Substrate 
200 and, further, the film thickness is not uniform and 
partially exceeds the original thickness of about 15 nm, or 
even 25 nm. It is assumed to be agglomerated from the 
Surrounding cobalt Silicide layer during the heat treatment 
Step for manufacturing the capacitor. 
0128 Observed by the scanning electron microscope, the 
contact resistance between the first interconnection layer and 
the diffusion layer within the logic circuit area in which a 
cobalt Silicide layer is formed over the entire Surface is 
higher in the Semiconductor device of the prior art, which 
may be attributable to the thickness of the titanium silicide 
layer and the cobalt silicide layer at the bottom of the 
through hole which is excessively large. The cobalt Silicide 
layer and the Silicon diffusion layer are in contact with each 
other by an area of low impurity concentration. It is also 
possible that the cobalt silicide layer formed thicker by 
agglomerating which increases contact resistance due to low 
density of the cobalt Silicide and deteriorated film quality. 
0129. To the contrary, in the semiconductor device 
according to this invention, Since the thickness of the 
titanium Silicide layer and the cobalt Silicide layer at the 
bottom of the through hole is within an appropriate range, 
the contact resistance is lower than that of the Semiconductor 
device of the prior art. 
0130. Further, the difference of the junction leakage 
current from the diffusion layer can be explained by the 
difference of the thickness between the titanium silicide 
layer and the cobalt silicide layer at the bottom of the 
through hole. That is, in the Semiconductor device of the 
prior art, it is considered that the locally thickened titanium 
Silicide layer and the cobalt Silicide layer break through the 
junction at a depth of about 30 nm from the surface of the 
Substrate. 

0131 FIGS. 11C, 11D show the bottoms of the respec 
tive through holes to the gate layer in the Semiconductor 
devices according to this invention and the prior art. The 
observed result by a transmission electron microscope is 
depicted as an example. A titanium nitride film 220 is 
formed on the tungsten uppermost layer of the Stacked gate 
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layer 203 of the semiconductor device according to this 
invention in FIG. 11C. This was formed by nitriding the 
titanium film of about 3 nm thick by CVD. A portion of the 
titanium nitride film 221 formed by CVD is in the upper 
layer thereof which has a thickness of about 4 nm. 
0132) To the contrary, in the semiconductor device of the 
prior art, a film 403 comprising an alloy or mixture of 
titanium and tungsten of about 2 nm thick is present on the 
uppermost tungsten layer of the Stacked gate layer 203. A 
portion of the titanium nitride film 221 formed by CVD is in 
the upper layer thereof It is considered that the film 403 
comprising the alloy or mixture of titanium and tungsten is 
formed during heat treatment after forming the titanium film 
by sputtering. The film 403 comprising the alloy or mixture 
of titanium and tungsten has a high resistivity, and the 
contact resistance with upper and lower films, i.e., with the 
uppermost tungsten layer of the Stacked gate layer 203 or the 
titanium nitride layer 221, is also high. The existence of the 
film 403 comprising the alloy or the mixture of titanium and 
tungsten causes the contact resistance of the through holes 
between the first interconnection layer and the gate layer 
within the logic circuit area, in which more tungsten is in the 
Surface in the Semiconductor device of the prior art than that 
in the Semiconductor device according to this invention. 
0133. The decrease of the resistivity described above 
according to this invention enables higher performance and 
lower leakage current which reduces power consumption. 
Accordingly, it is possible to manufacture a memory/logic 
embedded LSI with less power consumption, high perfor 
mance, and a high integration density. 
0134) The cobalt silicide layer is formed onto the surface 
of the diffusion layer in the logic circuit area in this 
embodiment. However, the effect of this invention can be 
obtained by using other metal Silicide layers, Such as a 
titanium Silicide layer, a nickel Silicide layer, a tungsten 
silicide layer or a molybdenum silicide layer than the cobalt 
silicide. The effect of this invention can also be obtained by 
Substituting the Silicide layer comprising a Single kind of 
metal with Silicide layers comprising plural metals, or with 
compound layers of plural metals and Silicon, Such as a 
mixed layer of titanium and cobalt Suicides, a mixed layer of 
cobalt and nickel Silicides, a mixed layer of titanium and 
nickel Silicide, a titanium and tantalum Silicide layer, or a 
compound layer comprising titanium and cobalt Silicon, or 
a compound layer comprising titanium and Silicon formed 
on the surface of the diffusion layer. 
0.135 The metal silicide layer formed after etching the 
through hole is a titanium Silicide layer in this embodiment 
but a similar effect can also be obtained by forming a Silicide 
layer of other metal than titanium, Such as cobalt, nickel, 
tungsten, molybdenum, or their combination made by CVD. 
Such a layer of plural metals and Silicon may be a mixed 
layer of titanium and tungsten Silicides, a mixed layer of 
cobalt and nickel Silicides, a mixed layer of titanium and 
cobalt Suicides, a mixed layer of titanium and tantalum 
Silicides, a compound layer comprising titanium tungsten 
and Silicon, or a compound layer comprising titanium, 
tantalum and Silicon. 

0.136 Further, while a tantalum oxide film is used as the 
main capacitor dielectric film in this embodiment, the same 
effect can be obtained by in a tantalum oxide film doped with 
impurities Such as Silicon or titanium, or by a barium 
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strontium titanate (BST) film since a heat treatment at 600 
C. or higher is generally required after forming the through 
hole. Further, the effect of this invention is also obtainable 
by applying to the manufacture of a non-volatile memory 
Semiconductor device with a ferroelectric film, Such as a 
PZT film or SBT film. 

0137) <Embodiment 2> 
0138 FIG. 12 shows the second embodiment of the 
invention for manufacturing a memory Semiconductor 
device. Specifically, this invention is applied to manufacture 
a gate layer and through holes for connecting a first inter 
connection layer with layerS comprising plural materials, 
and through holes of different depth for connecting the first 
interconnection layer and the Silicon layer. 
0139 FIG. 12A shows a silicon substrate 500 in the 
intermediate Step of producing a memory Semiconductor 
device. Shallow trench device isolation areas 501 are formed 
on the main Surface of the silicon Substrate 500. 

0140. In a memory array area 502, an MOS transistor 
503, a polysilicon plug 504 for connecting the first inter 
connection layer (bit line in the memory circuit), and a 
diffusion layer and a polycrystal silicon plug 505 for con 
necting one of the electrodes of a capacitor and the diffusion 
layer are formed. 
0141. Within a peripheral circuit area 506, an MOS 
transistor 507 is formed. A gate layer 508 for the MOS 
transistors 503 and 507 is a stacked conductive layer com 
prising refractory metal/titanium nitride/titanium silicide/ 
impurity-doped polysilicon. Tungsten is used as the refrac 
tory metal in this embodiment. The contact resistance 
between polysilicon and titanium nitride is reduced by 
inserting a titanium Silicide layer about 3 nm thick between 
the titanium nitride layer and the polycrystalline Silicon 
layer doped with impurities by CVD, which results in a 
problem in the Semiconductor device having a Stacked gate 
layer comprising a tungsten/titanium nitride/impurity-doped 
polycrystalline Silicon layer. 

0142. If other metal than titanium, Such as tungsten, is 
used in the metal nitride in this embodiment, the insertion of 
a thin titanium silicide layer formed by CVD between the 
metal nitride and the polysilicon provides the same effect. 
Further, this invention is applicable when Substituting the 
polycrystalline Silicon layer with a Silicon/germanium layer. 

0143. After manufacturing the shallow trench device 
isolation area 501 and washing the silicon substrate 500 
formed with a polycrystalline silicon film doped with impu 
rities (as a portion of the gate layer) by an aqueous hydro 
phobic acid, the Specimen is placed on a specimen table in 
a reactor under a reduced pressure of the plasma CVD 
apparatus the same manner as in the Embodiment 1. The 
Specimen table for placing the Silicon Substrate is pre-heated 
at 580 C. After introducing 7 sccm of titanium tetrachloride 
and 400 sccm of hydrogen, a radio frequency power of 300 
W at 350 kHz is applied to generate plasmas. A titanium 
silicide layer of about 3 nm thick is formed on the poly 
crystalline Silicon film by electric discharge for 40 Seconds. 

0144. Then, the silicon substrate 500 is transferred to a 
Separate reactor connected by a vacuum transfer chamber in 
the same apparatus. A titanium nitride film of 10 nm thick is 
formed on the substrate 500 by CVD using titanium tetra 
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chloride and ammonia as Starting materials, and a tungsten 
film of 50 nm thick is formed in another reactor by CVD 
using tungsten hexafluoride and hydrogen. Subsequently, a 
stacked gate layer 508 is patterned by the well-known 
electron beam lithography and dry etching technique. 

0145 When the titanium silicide layer is formed by the 
prior art method, i.e., by a heat treatment on the titanium film 
formed by Sputtering, although the contact resistance could 
be reduced, it is almost impossible to prepare a titanium 
Silicide layer as thin as that in the invention by the prior art 
method. Accordingly, fabricating the Stacked gate layer by 
dry etching does not result in fine MOS transistors. So long 
as the thickness of the titanium Silicide layer is less than 5 
nm, there is Scarce effect on the dry etching Such that a fine 
MOS transistor can be manufactured by inserting a titanium 
Silicide layer to a portion of the Stacked gate layer as in the 
invention. 

0146 Asilicon dioxide film 509 is formed on the MOS 
transistors 503 and 507 and planarized by CMP in the same 
manner as in Embodiment 1. Polycrystal silicon plugs 504 
and 505 are formed by burying a polycrystalline silicon film 
into through holes etched in the silicon dioxide film 509 by 
CVD, and then removing the polycrystalline silicon film on 
the silicon dioxide film 509 by a well-known etching back 
method. After forming the polycrystal silicon plugs 504 and 
505 in the diffusion layer 520 by the etching back method, 
a silicon dioxide film 510 of about 0.2 um thick is formed 
on the Surface of the silicon Substrate 500. 

0147 Subsequently, a shallow through hole 511 of 0.14 
lum diameter is etched in the silicon dioxide film 510 on the 
polycrystal silicon plug 504 by the well-known photolithog 
raphy and dry etching technique. The depth of the through 
hole 511 is 0.2 lum. The polycrystal silicon of the plug 504 
is exposed at the bottom of the through hole 511. 

0.148. Then, a deep through hole 512 of 0.14 um diameter 
reaching the silicon substrate 500 is etched in the silicon 
dioxide films 509, 510 by using the photolithography and 
dry etching technique. A silicon diffusion layer 530 on the 
surface of the silicon Substrate 500 is exposed at the bottom 
of the through hole 512. The depth of the through hole 512 
is 0.75um. 
014.9 FIG. 12B shows a portion of another cross section 
of the silicon substrate 500. When the through hole 512 is 
etched, a through hole 513 for connecting the first intercon 
nection layer with the stacked gate layer 508 is etched 
Simultaneously in a cap layer on the gate layer comprising 
the silicon dioxide films 509, 510 and silicon dioxide. The 
diameter of the through hole 513 is 0.14tum. The uppermost 
tungsten layer of the Stacked gate layer 508 is exposed at the 
bottom of the through hole 513. 
0150. After etching the through holes 511,512 and 513 of 
different depth and material exposed to the bottom, a tita 
nium silicide layer 514 of about 5 nm thick, a titanium 
silicide layer 515 of about 5 nm thick, and a titanium layer 
516 of about 1 nm thick are formed simultaneously by 
applying the manufacturing method of this invention and as 
shown in FIGS. 12C, 12D respectively, at the bottom of the 
through hole 511 etched within the memory array area 502 
for connecting the first interconnection layer and the poly 
crystal silicon plug 503, at the bottom of the through hole 
512 etched within a peripheral circuit area 506 for connect 
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ing the first interconnection layer and the diffusion layer on 
the Surface of the silicon Substrate 500, and at the bottom of 
the through hole 513 for connecting tungsten of the Stacked 
gate layer (word line in the memory circuit 508. The 
thickness of the titanium layer 517 formed on the silicon 
dioxide film 510 is about 1 nm. 

0151. After nitriding the titanium layer 517 to the Sub 
strate 500 in the same manner as of the semiconductor 
device of Embodiment 1, rapid thermal annealing is applied 
on argon at 820 C. for one minute. After forming the 
titanium nitride film, the Same Subsequent processing as that 
for the semiconductor of Embodiment 1 is applied to the 
Substrate 500. However, a nitrided silicon dioxide film is 
used as a capacitor dielectric film in this embodiment. The 
highest heat treatment temperature for the capacitor is 820 
C. 

0152 The contact resistance between tungsten and the 
polycrystalline Silicon layer of the Stacked gate layer in the 
Semiconductor device according to this invention with the 
titanium Silicide layer inserted between the titanium nitride 
layer and the impurity-doped polycrystalline Silicon layer is 
about 50% less than that of the semiconductor device 
without inserting titanium Silicide layer as in the prior art. 

0153. In terms of the contact resistance of through holes 
of 0.14 um diameter between the first interconnection and 
the Silicon diffusion layer within the memory array area, 
there was no Substantial difference between the Semicon 
ductor device according to this invention and the Semicon 
ductor device of the prior art in which the titanium silicide 
layer is formed by the formation of the titanium film and 
heat treatment. 

0154) The contact resistance of through holes of 0.14 um 
diameter between the first interconnection and the Silicon 
diffusion layer in the peripheral circuit area measured by the 
Kelvin method is 1.4 kS2 in average for the p" diffusion layer 
and 90092 in average for the n diffusion layer in the 
Semiconductor device according to this invention. On the 
other hand, in the Semiconductor device of the prior art, the 
contact resistance is 2.8 kS2 in average for the p" diffusion 
layer and the 1.7 kS2 in average for the n diffusion layer, 
which is about twice higher than the Semiconductor device 
according to this invention. Further, for any of n' and p" 
through holes, the value of the Standard deviation indicative 
of the scattering of the resistivity is about 60% smaller in the 
Semiconductor device according to this invention. 
O155 The resistance of the through holes of 0.14 um 
diameter between the first interconnection layer and the gate 
layer in the peripheral circuit area having tungsten Surface 
measured one by one by the Kelvin method is 25.192 in 
average in the Semiconductor device according to this inven 
tion and 37.5S2 in average in the semiconductor device of the 
prior art. The resistance is about 50% lower in the semicon 
ductor device according to this invention. Further, the value 
of the Standard deviation indicative of the Scattering of the 
resistance is about 30% smaller in the semiconductor device 
according to this invention. 
0156 Further, the junction leakage current of diffusion 
layer is measured by using a pattern in which 5,000 through 
holes of 0.14 um diameter were formed on the diffusion 
layer. The leakage current is about 20% smaller in the 
Semiconductor device according to this invention than that 
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in the semiconductor device of the prior art for both of n 
and p" diffusion layers for the through holes between the 
first interconnection layer and the diffusion layer in the 
peripheral circuit area. 
O157 The lowered resistance according to this invention 
described above improves the performance of the Semicon 
ductor device, and the reduction of the leakage current 
lowers power consumption. That is, this invention provides 
a memory Semiconductor device with low power consump 
tion, high performance, and a high integration density. 

0158. In this embodiment, this invention is applied to 
manufacture plugs connecting the first interconnection layer 
with a layer comprising plural materials and plugs of dif 
ferent depth for connecting the first interconnection layer 
with the Silicon layer. Regarding the difference of the depth, 
this invention provides the same benefits even if the depth 
difference of the through holes is 1.5 times or more when 
their diameter is of up to twice wider. Particularly, a remark 
able effect is obtained when the depth different is twice or 
OC. 

0159. The metal silicide layer formed after etching the 
through holes is a titanium Silicide layer in this embodiment, 
but the similar effect can be obtained by forming the silicide 
layer from other metal, Such as cobalt, nickel, tungsten, 
molybdenum, or their combination. Such a layer may be a 
Silicide layer of plural metals, or a compound layer of plural 
metals and Silicon, Such as a mixed layer of titanium and 
tungsten Silicides, a mixed layer of titanium and cobalt 
Silicides, or compound layerS comprising titanium, tungsten 
and Silicon, or a compound layer of plural metals and Silicon 
by CVD. 
0.160) Further, while the nitrided silicon dioxide film is 
used as the main capacitor dielectric film in this embodi 
ment, a similar effect can be obtained by using a dielectric 
film, Such as a tantalum oxide film, tantalum oxide film with 
addition of impurities (Such as Silicon or titanium) or a 
barium Strontium titanate film, Since heat treatment at a 
temperature of 600 C. or higher is generally required after 
forming the through holes. Further, when this invention 
provides a ferroelectric memory using a ferroelectric film 
Such as PZT (lead Zirconate titanate), the same effect as in 
this embodiment can be obtained. 

0161 <Embodiment 3> 
0162 The third embodiment of this invention for manu 
facturing a logic Semiconductor device uses a complemen 
tary MOS (CMOS) shown in FIGS. 13-17. Specifically, this 
invention is applied to local interconnection having a shape 
of etched area on the Surface of a dielectric film of a 
rectangular shape or a portion of the film Shaped as the 
rectangular. 

0163 FIG. 13 is a layout of a logic semiconductor device 
according to this invention. Only the layerS required for 
explanation of this embodiment are shown in FIG. 13. A 
frame 600 denotes a boundary indicative of a range for a 
portion of the layout described in FIG. 13. Active areas 601 
and 602 are isolated by a shallow trench device isolation 
region 603. The width for each of gate layers 604 and 605 
is 0.13 lum. 
0164. Local interconnection layers 606, 607, 608 and 609 
connect active areas rather than the insulation areas to each 
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other (only one active area is illustrated for the local 
interconnection layers 606, 607 and 609), and first intercon 
nection layers 610 and 611 extend perpendicularly to the 
gate layers 604 and 605. Each of the local interconnection 
layers 606, 607 and 609 has a rectangular etched area with 
a pair of longer Sides twice or more longer than the pair of 
short sides and the local interconnection layer 608 has a 
portion shaped as the rectangle as described above. The local 
interconnection layers 606, 607, 608 and 609 are partially 
present on the silicon dioxide film in the shallow trench 
device isolation area. The through hole layer for connecting 
the diffusion layer and the first interconnection layer (not 
illustrated) and the local interconnection layers 606, 607, 
608 and 609 are located on the same horizontal level. 

0.165 FIG. 14A shows a cross section of a silicon Sub 
Strate 700 at the intermediate manufacturing Stage of a logic 
Semiconductor device of this embodiment. A pattern based 
on the layout in FIG. 13 is arranged. FIG. 14A corresponds 
to a croSS Section taken along the A-A line 612 shown in 
FIG. 13. 

0166 A portion of a stacked gate layer of an MOS 
transistor 701 is formed of a polycrystalline silicon layer 
702. After forming diffusion layers 703 and 704 at a depth 
of about 30 nm from the Surface of the Substrate 700 for the 
n" layer and at the depth of about 35 nm from the surface of 
the substrate 800 for the p" layer by the well-known ion 
implantation technique or the like, cobalt silicide layers 705, 
706 and 707 are formed selectively on the entire surface of 
the polycrystalline silicon layer 702 and the diffusion layers 
703 and 704. The cobalt silicide layers 705,706 and 707 are 
formed by the following steps. 

0167 A cobalt film of about 7 nm thick is formed by 
sputtering, and the cobalt silicide layers 705, 706 and 707 
are formed by rapid thermal annealing nitrogen at 600 C. 
for one minute Selectively onto the polycrystalline Silicon 
layer 702 and the diffusion layer areas 703 and 704 in which 
the Silicon Substrate is exposed. After removing an unreacted 
cobalt film and a reaction product layer of cobalt and Silicon 
dioxide on the silicon dioxide film in the shallow trench 
device isolation area 708 and on the side wall 709 by wet 
etching with a mixed Solution of Sulfuric acid/hydrogen 
peroxide, then rapid thermal annealing argon at 800° C. for 
one min. The thickness for each of the cobalt silicide layers 
705, 706 and 707 is about 15 nm. 

0168 Then, in the same manner as in Embodiment 1, an 
interlayer dielectric film 710 is formed so as to cover the 
MOS transistor 701, and the surface is planarized by CMP. 
The thickness from the surface of the diffusion layer is about 
0.4 um after CMP. 
0169. Subsequently, local interconnection holes 711 and 
712 for connecting active areas to each other are etched. The 
local interconnection hole 711 corresponds to the local 
interconnection layer 606, and the local interconnection hole 
712 corresponds to the local interconnection layer 607, in 
the layout of FIG. 13, respectively. The thickness of the 
cobalt silicide layer 706 at the bottom of the local intercon 
nection holes 711, 712 is reduced to about 10 nm by 
excessive etching. 

0170 Then, a cross section taken along the B-B line 612 
in FIG. 13 is shown in FIG. 14B. A local interconnection 
hole 713 corresponds to the local interconnection layer 606, 
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and a local interconnection hole 714 corresponds to the local 
interconnection layer 607 in the layout of FIG. 13. The 
thickness of the cobalt silicide layer 706 on the diffusion 
layer 703 at the bottom of the local interconnection holes 
713 and 714 is reduced to about 3 nm by excessive dry 
etching. 

0171 FIG. 14C shows a cross section taken along the 
C-C line 614 in FIG. 13. A local interconnection 715 
corresponds to the local interconnection layer 606 in the 
layout of FIG. 13. The thickness of the cobalt silicide layer 
706 formed on the diffusion layer 703 at the bottom of the 
local interconnection 715 is reduced about 2 nm to about 11 
nm by excessive dry etching. 

0172 FIG. 14D shows another cross section which cor 
responding portion is not shown in the layout of FIG. 13. A 
through hole 716 has a circular etched area with a 0.13-um 
diameter, and the thickness of the cobalt silicide layer 706 on 
the diffusion layer 703 at the bottom of the through hole 716 
is reduced to about 15 nm by excessive dry etching. The 
through holes 716 are etched simultaneously with the local 
interconnection holes 711, 712 having a rectangular etched 
area shown in FIGS. 14A, 14B and 14C. 
0173 Further, local interconnections corresponding to 
the local interconnection layer 608 shown in the layout of 
FIG. 13 are etched simultaneously (not illustrated). The 
cobalt silicide layer and the silicon dioxide in the shallow 
trench device isolation region are also exposed in the lower 
portion of the local interconnections. 
0.174. When etching is applied to the silicon substrate 700 
for etching fine through holes 716 shown in FIG. 14D, local 
interconnections 711 and 712 having a rectangular Sectional 
shape and the local interconnection having a portion having 
a Sectional shape of the rectangular are etched excessively as 
shown in FIG. 14C. The silicide layer 706 is scraped by 
excessive etching, particularly, at the longitudinal central 
portion of the rectangle. 

0175. In this embodiment, a group of openings (through 
holes or local interconnection holes) of different etched area 
shapes described above are etched simultaneously in one 
single CVD process. Since the optimal condition for the dry 
etching depends on the shape of the etched area, etching at 
a higher accuracy is possible by etching the through hole or 
the local interconnection of the rectangular etched area with 
separate steps. The etching of the cobalt silicide layer 706 at 
the bottom of the holes can be adjusted also by such a 
technique, but this results in a drawback of complicated 
Steps. Further, if the lithographic Step is also conducted 
Separately for holes of different shape, it requires further 
ensuring alignment margins between the layers at the bottom 
of the through holes or between the layers at the bottom of 
the local interconnection holes (both are inherently in an 
identical layer), this causes problems for miniaturization. 
0176) The silicon substrate 700, at the intermediate 
manufacturing Stage of the logic Semiconductor device, is 
placed on a Specimen table in a pressure-reduced reactor of 
a plasma CVD apparatus like that in Embodiment 1. The 
silicon Substrate 700 is heated to 580 C. by a heating 
mechanism incorporated in the Specimen table. After intro 
ducing 5 sccm of titanium tetrachloride, 0.5 sccm of molyb 
denum pentachloride, and 400 ScCm of hydrogen, a radio 
frequency power of 500 W at 350 kHz is applied to generate 
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plasmas. Since molybdenum pentachloride is Solid at a 
normal temperature, it is introduced after Sublimation by 
heating the vessel. 

0177 FIG. 15A is a cross sectional view of the structure 
corresponding to FIG. 14A. By electric discharge for 40 
Seconds, a layer 717 comprising molybdenum-containing 
titanium Silicide as a major constituent element of about 4 
nm thick is further formed on the cobalt silicide layer 706 on 
the surface of the diffusion layer 703. A portion of the layer 
717 comprising titanium Silicide as the major constituent 
element is mixed with the lower cobalt silicide layer 706. 
The thickness of the titanium film 718 containing molyb 
denum formed on the silicon dioxide film 710 between the 
local interconnection holes 711 and 712 of rectangular 
planar or Sectional shape is less than 2 nm. 

0178 FIG. 15B is a cross sectional view of the structure 
corresponding to FIG. 14B. A layer 717 comprising molyb 
denum-containing titanium Silicide as the major constituent 
element of about 6 nm thick is further formed on the cobalt 
silicide layer 706 on the surface of the diffusion layer 703. 
The thickness of the molybdenum-containing titanium film 
718 formed on the silicon dioxide film 710 is less than 2 nm. 

0179 FIG. 15C is a cross sectional view of the structure 
corresponding to FIG. 14C. Alayer 717 (with molybdenum) 
containing titanium Silicide as the major constituent element 
of about 3-6 nm thick is further formed on the cobalt silicide 
layer 706 on the surface of the diffusion layer 703. The thin 
layer 717 (with molybdenum) containing titanium silicide as 
the major constituent element is formed to a thick portion of 
the cobalt silicide layer 706. The thickness of a molybde 
num-containing titanium film 718 formed on the silicon 
dioxide film 710 or on the shallow trench device isolation 
708 comprising silicon dioxide is less than 2 nm. 

0180 FIG. 15D is a cross sectional view of the structure 
corresponding to FIG. 14D. A layer 717 comprising molyb 
denum-containing titanium Silicide as the major constituent 
element of about 2 nm thick is further formed on the cobalt 
silicide layer 706 on the surface of the diffusion layer 703. 
The thickness of the molybdenum-containing titanium film 
718 formed on the silicon dioxide film 710 is less than 2 nm. 

0181 For the substrate 700, in which each of the layers 
717 is formed simultaneously, the same treatment as in 
Embodiment 1 is applied. A titanium nitride film of 20 nm 
thick is formed by CVD with titanium tetrachloride and 
ammonia as Starting materials. A tungsten film of 60 nm 
thick is then formed by CVD with tungsten hexafluoride and 
hydrogen. By the formation of the titanium nitride film and 
the tungsten film, the local interconnection 606 is formed 
inside local interconnection holes 711, 713 and 715 and, the 
local interconnection 607 is formed in the local intercon 
nection, and holes 712, 714 and plugs (not illustrated) are 
formed inside the through holes 716. 
0182. After forming the titanium nitride film and the 
tungsten film, when the films on the silicon dioxide film 710 
other than the titanium nitride film 719 and the tungsten film 
720 formed inside the local interconnection holes 711, 712, 
713, 714 and 715 and the through holes 716 are once 
removed by CMP, the structure as shown in FIGS. 16A, 
16B, 16C and 16D are formed. FIGS. 16A, 16B, 16C and 
16D are cross sections of the holes corresponding to FIGS. 
15A, 15B, 15C and 15D, respectively. Upon removing of the 
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films by CMP, the molybdenum-containing titanium film 
718 formed on the silicon dioxide 710 is also removed. 

0183 Then, after forming a silicon dioxide film 721 
again on the main surface of the substrate 700 and fabricat 
ing trenches for the first interconnection layer and through 
holes for connecting the first interconnection layer with the 
diffusion layer, a tantalum oxide film 722 and a copper film 
723 are formed by CVD and, successively, films on the 
silicon dioxide film 723 other than the tantalum nitride film 
722 and the copper film 723 inside the trenches and the holes 
by CMP as shown in FIGS. 17A, 17B and 17C are formed. 
FIGS. 17A, 17B, 17C are cross sectional views of the 
structures corresponding to FIGS. 16A, 16B, 16C and 16D, 
respectively. Both of the first interconnection layers 724 and 
725 are interconnections corresponding to the first intercon 
nection layer 610 of FIG. 13. Further, Subsequent process 
ing is applied to the substrate 700 up to the formation of the 
fifth interconnection layer from the uppermost layer. 

0184. In the semiconductor device in this embodiment 
according to this invention, the contact resistance between 
the first interconnection layer and the diffusion layer or the 
gate layer and the contact resistance between the diffusion 
layers by the local interconnection are lower by about 20% 
compared with the Semiconductor device of the prior art. 
The junction leakage current of the diffusion layer below the 
local interconnection is about two digits Smaller than that in 
the prior art. In the prior art, the Silicide layer is formed after 
etching by using film deposition by the same Sputtering as 
explained for Embodiments 1 and 2. The target used in 
Sputtering is a titanium target containing 10% molybdenum. 

0185. The reduced resistance according to this invention 
described above improves the performance of the Semicon 
ductor device and the reduction of the leakage current 
lowers power consumption. That is, this invention provides 
a memory Semiconductor device with low power consump 
tion, high performance and a high integration density. 

0186. In this embodiment, the cobalt silicide layer is 
formed on the surface of the diffusion layer, but the effect of 
this invention can be obtained in the Same manner as in the 
case of using a Silicide layer of other metal, Such as titanium, 
nickel, tungsten, or molybdenum. The effect of this inven 
tion can be obtained not only to the Silicide layer of Single 
metal but a Silicide layer of plural metals, or a compound 
layer of plural metals and Silicon, Such as a mixed layer of 
titanium and cobalt Silicides, a mixed layer of cobalt and 
nickel Silicides, a mixed layer of titanium and nickel sili 
cides, a mixed layer of titanium and tantalum, a compound 
layer comprising titanium, cobalt and Silicon, or a compound 
layer of titanium, tantalum and Silicon. 

0187. The metal silicide layer formed after etching the 
through holes is a layer (with a molybdenum silicide) 
containing titanium Silicide as a major constituent element in 
this embodiment. However, the similar effect can also be 
obtained by forming a Silicide layer of other metal, Such as 
cobalt, nickel, tungsten, molybdenum, or their combination, 
including a Suicide layer of plural metals or a compound 
layer of plural metals and Silicon, Such as a mixed layer of 
titanium and tungsten Suicides, a mixed layer of cobalt and 
nickel Silicides, or a mixed layer of titanium and cobalt 
Silicides, or a compounds layer of titanium, tungsten and 
silicon by CVD. 
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0188 <Embodiment 4-> 
0189 FIG. 18 shows the fourth embodiment of this 
invention for manufacturing a logic Semiconductor device 
using CMOS. Specifically, this invention is applied to manu 
facture plural through holes having etched areas in the 
dielectric film of different croSS Sectional shapes. 

0190 FIG. 18A shows a cross section of a silicon Sub 
Strate 800 at the intermediate manufacturing Stage of a logic 
Semiconductor device of this invention. After forming a 
diffusion layer 801 at a depth of about 30 nm from the 
surface of the substrate 800 both for n and p" layers by 
using a well-known ion implantation technique or the like, 
a cobalt silicide layer 802 is formed selectively over the 
surface of the diffusion layer 801. The cobalt silicide layer 
802 is formed in the same manner as in Embodiment 3. The 
thickness of the cobalt silicide layer 802 is about 7 mm. The 
cobalt silicide layer is not formed on a shallow trench device 
isolation area 803. 

0191). Then, an interlayer dielectric film 804 is formed to 
cover an MOS transistor (not illustrated) by the same 
method as in Embodiment 1, and the Surface is planarized by 
CMP. The thickness from the surface of the diffusion layer 
is about 0.4 um after CMP. Then, through holes 805 and 806 
for connecting the diffusion layer with a first interconnection 
layer are etched by using the well-known electron beam 
lithography and dry etching technique. The through hole 805 
has a diameter of about 0.13 um, and the through hole 806 
has a diameter of about 0.35um. The difference of the aspect 
ratio (depth to diameter ratio) between the through holes is 
2.7 times. 

0.192 The silicon substrate 800 at the intermediate manu 
facturing Stage of the logic Semiconductor device is placed 
on a specimen table in a pressure-reduced reactor of a 
plasma CVD apparatus like that in Embodiment 1. The 
silicon Substrate 800 is heated to 580 C. by a heating 
mechanism incorporated in the Specimen table. After intro 
ducing 5 sccm of titanium tetrachloride and 400 sccm of 
hydrogen, a radio frequency power of 700 W at 450 kHz is 
applied to generate plasmas. 

0193 As shown in FIG. 18B, a layer 807 comprising a 
titanium Silicide as a major constituent element of about 10 
nm thick is further formed on a cobalt silicide layer 802 on 
the surface of a diffusion layer 801 by electric discharge for 
40 seconds. The layer 807 comprising titanium silicide as 
the major constituent element contained cobalt, and a por 
tion of the layer 807 comprising titanium silicide as the 
major constituent element are respectively mixed with lower 
cobalt silicide layer 802 at the under layer. The thickness of 
the titanium film 808 formed on the Silicon dioxide film 804 
which is formed on the Surface and between the local 
interconnection holes 805 and 806 is less than 2 nm. 

0194 The same processing as in Embodiment 1 is 
applied to the substrate 800 in which the layer 807 is formed 
at the bottom of the through holes 805 and 806 of different 
aspect ratio Simultaneously, a titanium nitride film of 50 nm 
thick is formed by CVD using titanium tetrachloride and 
ammonia as Starting materials and, further, a tungsten film of 
150 nm thick is formed by CVD using tungsten hexafluoride 
and hydrogen as Starting materials. Subsequently, the inter 
connection layer is formed in the same manner as in 
Embodiment 3. 
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0.195 A logic semiconductor device by the prior art is 
also described for comparison. When a silicon Substrate 800 
at the intermediate manufacturing Stage of a logic Semicon 
ductor device shown in FIG. 18A is placed on a specimen 
table of a sputtering apparatus, and a titanium film 809 of 50 
nm thick on the planarized silicon dioxide film 804 is formed 
on the entire Surface So as to form a structure as shown in 
FIG. 19A. 

0196) The titanium film 809 formed by sputtering has an 
inherent coverage shape (overhang shape) due to the Shad 
owing effect of the surrounding silicon dioxide film 804 
inside the through holes 805 and 806 (thicker in the central 
portion and thinner in the periphery at the bottom of the 
through holes 805 and 806). The thickness of the titanium 
film 809 at the central portion is about 3 nm in the through 
hole 805 and about 5 nm in the through hole 806. 
0.197 Subsequently, the titanium film in contact with the 
cobalt silicide layer 802 reacts with silicon by rapid thermal 
annealing argon at 700 C. for one minute to form a titanium 
silicide layer 810. When an unreacted titanium film and a 
reaction product layer of titanium and Silicon dioxide on the 
silicon dioxide film 804 are removed by wet etching with a 
hydrogen peroxide/ammonia mixed Solution, a Structure as 
shown in FIG. 19B is formed. 

0198 The embodiment of the invention is different from 
the prior art in that it Substitutes the Sputtering processing 
with a CVD processing before forming the titanium nitride 
film. In other words, the same processing as in the previous 
embodiment of this invention is applied after forming the 
titanium nitride film. 

0199. In the semiconductor device according to this 
embodiment of the invention, the contact resistance of the 
through hole of 0.13 um diameter between the first inter 
connection layer and the diffusion layer is reduced by about 
20% compared with that of the semiconductor device of the 
prior art. The junction leakage current of the diffusion layer 
in a test pattern where 10,000 densely arranged through 
holes of 0.3 um diameter are about two digits smaller than 
that of the prior art. 
0200. In the prior art method, the contact resistance is 
high and the junction leakage current is large because it is 
impossible by the prior art method to form a titanium silicide 
layer within an appropriate thickness range for through holes 
of aspect ratioS different by two or more. Since titanium 
Silicide layer of a Sufficient thickneSS is not formed at the 
bottom of the holes with a large aspect ratio, the contact 
resistance increases therein. On the other hand, Since a 
titanium Silicide layer of an excessive thickness than nec 
essary is formed at the bottom of a hole with a Small aspect 
ratio, it results in a portion where the cobalt Silicide layer 
breaks through the junction, which increases the junction 
leakage current. 
0201 The reduced resistance according to this invention 
described above improves the higher performance of the 
Semiconductor device, and the reduction of the leakage 
current lowers power consumption. That is, this invention 
provides a memory Semiconductor device with low power 
consumption, high performance and a high integration den 
sity. 

0202) In this embodiment, the cobalt silicide layer is 
formed on the surface of the diffusion layer, but the effect of 
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this invention can be obtained by using a Silicide layer of 
other metal, Such as titanium, nickel, tungsten, or molybde 
num. The effect of this invention can be obtained not only 
via the Silicide of Single metal but also via a Silicide layer of 
plural metals, or a compound layer of plural metals and 
Silicon, Such as a mixed layer of titanium and cobalt sili 
cides, a mixed layer of cobalt and nickel Silicides, a mixed 
layer of titanium and nickel Silicide, a titanium and tantalum 
Silicide layer, or a compound layer comprising titanium, 
cobalt and Silicon, or a compound layer comprising titanium, 
tantalum and Silicon. 

0203 The metal silicide layer formed after etching the 
through holes is a layer comprising titanium Silicide as the 
major constituent element in this embodiment. However, the 
Similar effect can also be obtained by forming a Silicide layer 
of other metals, Such as cobalt, nickel, tungsten, molybde 
num, or a Silicide layer of plural metals or compound layers 
of plural metals and Silicon, Such as a mixed layer of 
titanium and tungsten Silicides, a mixed layer of cobalt and 
nickel Silicides, a mixed layer of titanium and cobalt sili 
cides, or a compound layer of titanium, tungsten and Silicon 
by CVD. 
0204. The invention provides a manufacturing method 
for attaining low contact resistance for connection between 
plugs or local interconnections and underlayers thereof, and 
for attaining a Sufficiently lower junction leakage current of 
a diffusion layer in a case where the underlayer is a diffusion 
layer, thereby providing a Semiconductor device of a high 
integration density and high performance. Particularly, it 
maintains a Sufficiently low junction leakage current from 
the diffusion layer and low contact resistance even by using 
a heat treatment Step at high temperature after forming the 
diffusion layer or the plug, thereby enabling a highly inte 
grated memory Semiconductor device or a high performance 
memory logic embedded LSI with fine plugs. Further, it 
incurs a Sufficiently Small junction leakage current of the 
diffusion layer and low contact resistance even if the plugs 
or local interconnections formed with through holes of 
different depths, through holes or interconnection holes of 
different shapes and sizes, thereby providing a high perfor 
mance logic Semiconductor device with fine plugs or local 
interconnections, and a high performance memory-logic 
embedded LSI. 

0205 The foregoing invention has been described in 
terms of preferred embodiments. However, those skilled in 
the art will recognize that many variations of Such embodi 
ments exist. Such variations are intended to be within the 
Scope of the present invention and the appended claims. 

What is claimed is: 
1. A method for manufacturing a Semiconductor device, 

comprising: 

forming a dielectric film on a Substrate; 

etching the dielectric film to form at least two of three 
groups of openings Such that on a bottom Surface of 
each of the first group of openings having Silicon as a 
major constituent element, on a bottom Surface of each 
of the Second group of openings having a first metal 
Silicide as a major constituent element, and on a bottom 
Surface of each of the third group of openings having a 
first metal as a major constituent element; and 
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forming, depending on at least two of three groups of 
openings formed by Said etching Step, at least two of 
three layerS Such that a layer having a Second metal 
Silicide as a major constituent element on the bottom of 
each of the first group of openings, a layer having the 
Second metal Silicide as a major constituent element on 
the bottom of each of the Second group of openings, 
and a layer having a Second metal as a major constitu 
ent element on the bottom of each of the third group of 
openings, Simultaneously, by one Single chemical 
Vapor deposition process. 

2. The method for manufacturing a Semiconductor device 
as defined in claim 1, wherein a layer having at least one Said 
bottom Surface of each of the first group of openings 
constitutes a diffusion layer formed on the Silicon Substrate. 

3. The method for manufacturing a Semiconductor device 
as defined in claim 1, wherein a layer having at least one Said 
bottom Surface of each of the first group of openings 
constitutes a Silicon layer which is at least partially in 
contact with a diffusion layer on the Silicon Substrate. 

4. The method for manufacturing a Semiconductor device 
as defined in claim 2, wherein a layer having at least one Said 
bottom Surface of each of the first group of openings or a 
layer having Said bottom Surface of each of the Second group 
of openings constitutes a Source or a drain of an MOS 
transistor. 

5. The method for manufacturing a Semiconductor device 
as defined in claim3, wherein a layer having at least one Said 
bottom Surface of each of the first group of openings or a 
layer having Said bottom Surface of each of the Second group 
of openings constitutes a Source or a drain of an MOS 
transistor. 

6. The method for manufacturing a Semiconductor device 
as defined in claim 1, wherein a layer having at least one Said 
bottom Surface of each of the Second group of openings 
constitutes a gate of an MOS transistor. 

7. The method for manufacturing a Semiconductor device 
as defined in claim 6, wherein a layer having at least one Said 
bottom Surface of each of the Second group of openings 
constitutes a word line of a DRAM. 

8. The method for manufacturing a Semiconductor device 
as defined in claim 1, wherein a layer having at least one Said 
bottom Surface of each of the third group of openings 
constitutes a gate of an MOS transistor. 

9. The method for manufacturing a semiconductor device 
as defined in claim 8, wherein a layer having at least one Said 
bottom Surface of each of the third group of openings 
constitutes a word line of a DRAM. 

10. The method for manufacturing a semiconductor 
device as defined in claim 1, wherein a layer having at least 
one Said bottom Surface of each of the Second group of 
openings includes titanium Silicide, cobalt Silicide, nickel 
Silicide, tungsten Silicide or molybdenum Silicide as the 
major constituent element. 

11. The method for manufacturing a Semiconductor 
device as defined in claim 1, wherein a layer having at least 
one Said bottom Surface of each of the third group of 
openings includes tungsten as the major constituent element. 

12. The method for manufacturing a Semiconductor 
device as defined in claim 1, wherein at least one Said layer 
having the Second metal Silicide as a major constituent 
element includes titanium Silicide as the major constituent 
element. 
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13. The method for manufacturing a Semiconductor 
device as defined in claim 1, wherein at least one Said layer 
having the Second metal as a major constituent element 
includes titanium as the major constituent element. 

14. The method for manufacturing a Semiconductor 
device as defined in claim 1, wherein at least one of Starting 
materials for the forming at least two of three layers by Said 
chemical vapor deposition proceSS is titanium tetrachloride. 

15. The method for manufacturing a semiconductor 
device as defined in claim 1, further comprising a step of 
heating the substrate at a temperature of 600 C. or higher 
after the forming at least two of three layers by Said chemical 
Vapor deposition process. 

16. The method for manufacturing a Semiconductor 
device as defined in claim 1, further comprising a step of 
forming a layer having a metal nitride as a major constituent 
element on Said layer having the Second metal Silicide as a 
major constituent element by chemical vapor deposition 
proceSS. 
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17. The method for manufacturing a semiconductor 
device as defined in claim 16, wherein Said metal nitride is 
titanium nitride. 

18. The method for manufacturing a semiconductor 
device as defined in claim 17, further comprising a step of 
heating the substrate at a temperature of 600 C. or higher 
after the forming Said layer having the metal nitride as a 
major constituent element. 

19. The method for manufacturing a semiconductor 
device as defined in claim 16, further comprising a step of 
forming at least one capacitor for a memory circuit on the 
Substrate after forming Said layer having the metal nitride as 
a major constituent element. 

20. The method for manufacturing a semiconductor 
device as defined in claim 19, wherein a capacitor dielectric 
film constituting Said capacitor is a film having tantalum 
oxide as a major constituent element. 

k k k k k 


