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(57) ABSTRACT 

A semiconductor device such as DRAM including a capaci 
tor, Wherein a loWer electrode of the capacitor is a metal 
electrode, the metal electrode being mainly composed of 
ruthenium or iridium, and being connected directly to a 
capacitor dielectric ?lm through no oxide layer of materials 
of the metal electrode formed on the surface of the metal 
electrode. The loWer electrode made of iridium or ruthenium 
can easily be processed as compared With the conventional 
case Where platinum is employed to form the electrode and 
also can not be oxidized When the capacitor dielectric ?lm 
is formed, thus reduction in the capacitance can be pre 
vented. 
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SEMICONDUCTOR DEVICE WHICH INCLUDES A 
CAPACITOR HAVING A LOWER ELECTRODE 
FORMED OF IRIDIUM OR RUTHENIUM 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a semiconductor 
device and a manufacturing method thereof, and more 
particularly to a structure of DRAM (Dynamic Random 
Access Memory) including a capacitor dielectric ?lm made 
of a material having a large dielectric constant and a 
manufacturing method therefor. 

[0003] 2. Related Background Art 

[0004] Hitherto, DRAM has been Widely employed as one 
of semiconductor devices permitting information to be input 
and output randomly. In general, DRAM has a memory cell 
array portion serving as a storage region for storing a 
multiplicity of information items to be stored and peripheral 
circuit portions required to input and output information to 
and from outside. 

[0005] FIG. 21 is a block diagram shoWing the structure 
of a general DRAM. 

[0006] As shoWn in FIG. 21, a DRAM 150 has a memory 
cell array 151 for storing information, a roW-and-column 
address buffer 152 for receiving, from outside, an address 
signal for selecting a memory cell forming a unit storage 
circuit, a roW decoder 153 and a column decoder 154 Which 
decode the address signal to appoint a memory cell, a sense 
refresh ampli?er 155 for amplifying and reading signals 
stored in the appointed memory cell, a data-in buffer 156 and 
a data-out buffer 157 for inputting and outputting data, and 
a clock generator 158 for generating a clock signal. 

[0007] The memory cell array 151 having a large area on 
the semiconductor chip has a plurality of memory cells 
arranged to store unit storage information and formed into a 
matrix con?guration. In general, one memory cell is com 
posed of one MOS (Metal Oxide Semiconductor) transistor 
and one capacitor connected to the MOS transistor. A 
memory cell of the foregoing type is called a l-transistor and 
1-capacitor type memory cell. Since a memory cell of this 
type has a simple structure, the degree of integration of the 
memory cell array 151 can easily be raised. Therefore, the 
foregoing memory cells have been employed Widely in 
DRAM having large capacities. 

[0008] The memory cells of the DRAM can be classi?ed 
into some types depending upon the structure of the capaci 
tor. Capacitors of a type called a stacked capacitor are 
included in the capacitors of the memory cells. The stacked 
capacitor has a structure such that the major portion of the 
capacitor is extended to the position above the gate electrode 
and the ?eld oxide ?lm so that the areas of the opposite 
portions of the electrodes of the capacitors are enlarged. 

[0009] Since the stacked capacitor has the foregoing char 
acteristic, a required capacity of the capacitor can easily be 
obtained even if the device is ?ned due to raising of the 
degree of integration of the semiconductor device. As a 
result, stacked capacitors have been employed Widely in the 
trend of the degree of integration of the semiconductor 
devices being raised. HoWever, if the stacked capacitor is 
employed in a further ?ned device, for example, a 256 M bit 
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DRAM, a predetermined capacity of the capacitor cannot 
easily be obtained With the foregoing stacked capacitor. 

[0010] Accordingly, the capacity of the capacitor has been 
enlarged by performing an attempt such that a dielectric 
?lm, for example, PZT (lead Zirconate titanate) having a 
large dielectric constant, is employed as the dielectric ?lm 
for the capacitor. FIG. 22 shoWs an example of a DRAM 
comprising a dielectric ?lm for a capacitor, the dielectric 
?lm being made of a material, such as, PZT, having a large 
dielectric constant. 

[0011] As shoWn in FIG. 22, a P-type semiconductor 
substrate 101 has a major surface in Which a ?eld oxide ?lm 
102 is formed in a device separated region of the major 
surface. A device region on the major surface of the semi 
conductor substrate 101 has transfer gate transistors 103a 
and 103b formed thereon. 

[0012] The transfer gate transistor 103a has a gate elec 
trode 104b formed, through a gate insulating ?lm 105, on a 
channel region 121 betWeen N-type impurity regions 106c 
and 106a formed apart from each other on the major surface 
of the semiconductor substrate 101 to serve as source and 
drain regions. 

[0013] The transfer gate transistor 103b has a gate elec 
trode 104c formed, through the gate insulating ?lm 105, on 
the N-type impurity regions 106a and 106b, serving as the 
source and drain regions, and the channel region 121 
betWeen the impurity regions 106a and 106b. 

[0014] On the ?eld oxide ?lm 102, there is extended a gate 
electrode 104d of another transfer gate transistor. An oxide 
?lm 107 is formed to cover the gate electrodes 104b, 104c 
and 104d. On the impurity region 106a, there is formed a 
buried bit line 108 so as to be electrically connected to the 
impurity region 106a. An insulating layer 109 is formed to 
cover the buried bit line 108. 

[0015] A ?rst interlayer insulating ?lm 110 is formed to 
cover the insulating ?lm 109 and the oxide ?lm 107. The top 
surface of the ?rst interlayer insulating ?lm 110 is ?attened. 
The ?rst interlayer insulating ?lm 110 has a contact hole 
110a in a portion above the impurity region 106b. 

[0016] A plug 111, electrically connected to the impurity 
region 106b, is formed in the contact hole 110a. A loWer 
electrode 114 of the capacitor, made of platinum or the like, 
is formed betWeen the top surface of the plug 111 and that 
of the ?rst interlayer insulating ?lm 110. 

[0017] A capacitor dielectric ?lm 115 is formed to cover 
the loWer electrode 114 of the capacitor. The capacitor 
dielectric ?lm 115 is made of PZT, SrTiO3 or the like. An 
upper electrode 116 of the capacitor is formed to cover the 
capacitor dielectric ?lm 115. The upper electrode 116 of the 
capacitor is, in general, made of platinum. 
[0018] Asecond interlayer insulating ?lm 117 is formed to 
cover the upper electrode 116 of the capacitor. The top 
surface of the second interlayer insulating ?lm 117 is 
?attened. A ?rst aluminum line layer 118 is formed above 
the second interlayer insulating ?lm 117 While being apart 
from the same. A protective ?lm 119 is formed to cover the 
?rst aluminum line layer 118. An aluminum line layer 120 
is formed on the protective ?lm 119. 

[0019] The loWer electrode 114 of the capacitor, the 
capacitor dielectric ?lm 115 and the upper electrode 116 of 
the capacitor form a capacitor 160. 
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[0020] However, the conventional DRAM suffers from the 
following problems: the conventional DRAM has included 
the platinum ?lms to form the loWer electrode of the 
capacitor, electrically connected to the major surface of the 
semiconductor substrate through the opening in the inter 
layer insulating ?lm, and the upper electrode of the capacitor 
formed on the capacitor dielectric ?lm. 

[0021] 1) Although the platinum ?lm has an advantage 
that it does not easily form a reactive layer in the interface 
With the dielectric ?lm, the platinum ?lm has a poor reac 
tivity and, therefore, it cannot easily be processed. 

[0022] 2) KnoWn materials except platinum, for example, 
ruthenium, iridium and the like, for forming the electrode, 
have a problem of a poor adherence With the silicon oxide 
?lm serving as the interlayer insulating ?lm When the 
foregoing material is formed into a thin ?lm. 

[0023] 3) When the capacitor dielectric ?lm is formed, 
oxidation of the silicon plug taking place due to oxidation of 
the foregoing material for forming the electrode cannot be 
prevented. Thus, the contact resistance Will be enlarged 
excessively and the capacitance is reduced undesirably. 

[0024] 4) Moreover, if the material for forming the elec 
trode, such as ruthenium or iridium, is oxidiZed, the surface 
of the material is roughened unintentionally, thus raising a 
problem in that a leakage current is enlarged excessively. In 
a case Where a metal electrode, made of ruthenium or 
iridium, is formed and then the metal electrode is subjected 
to heat treatment at high temperature, the surface of the 
metal electrode is sometimes roughened though the atmo 
sphere is not the oxidiZing atmosphere. Thus, there arises a 
problem in that the leakage current is enlarged excessively. 

SUMMARY OF THE INVENTION 

[0025] The present invention Was found to overcome the 
foregoing problems, and a ?rst object of the present inven 
tion is to provide a semiconductor device, Which can easily 
be manufactured. 

[0026] A second object of the present invention is to 
provide a semiconductor device Which has a cell capacitor 
having a good adhesion betWeen an electrode and an inter 
layer insulating ?lm. 

[0027] A third object of the present invention is to provide 
a semiconductor having a decreased contact resistance and 
a large capacitance. 

[0028] A fourth object of the present invention is to 
provide a semiconductor having a decreased leakage cur 
rent. 

[0029] To achieve the foregoing objects, according to a 
?rst aspect of the present invention, there is provided a 
semiconductor device comprising: a semiconductor sub 
strate having a major surface; an interlayer insulating ?lm 
formed on the major surface of the semiconductor substrate 
and having an opening formed to reach the major surface of 
the semiconductor substrate; a connection member disposed 
Within the opening; a capacitor including a loWer electrode 
of a capacitor electrically connected to the major surface of 
the semiconductor substrate through the-connection mem 
ber, a capacitor dielectric ?lm formed on the loWer electrode 
of the capacitor and made of a material having a large 
dielectric constant and an upper electrode of the capacitor 
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formed on the capacitor dielectric ?lm, Wherein the loWer 
electrode of the capacitor is a metal electrode, the metal 
electrode is mainly composed of ruthenium or iridium, and 
no oxide layer of materials of the metal electrode is formed 
on the surface of the metal electrode When the capacitor 
dielectric ?lm is formed. 

[0030] According to a second aspect of the present inven 
tion, there is provided a semiconductor device comprising: 
a semiconductor substrate having a major surface; an inter 
layer insulating ?lm formed on the major surface of the 
semiconductor substrate and having an opening formed to 
reach the major surface of the semiconductor substrate; a 
connection member disposed Within the opening; a capacitor 
including a loWer electrode of a capacitor electrically con 
nected to the major surface of the semiconductor substrate 
through the connection member, a capacitor dielectric ?lm 
formed on the loWer electrode of the capacitor and made of 
a material having a large dielectric constant and an upper 
electrode of the capacitor formed on the capacitor dielectric 
?lm, Wherein the loWer electrode of the capacitor consists of 
a contact layer and a metal electrode, the metal electrode is 
mainly composed of ruthenium or iridium, the contact layer 
is made of silicide of elements forming the metal electrode 
and held betWeen the metal electrode and the connection 
member, and no oxide layer of materials of the metal 
electrode is formed on the surface of the metal electrode 
When the capacitor dielectric ?lm is formed. 

[0031] According to a third aspect of the present inven 
tion, there is provided a semiconductor device according to 
the ?rst aspect or the second aspect of the present invention, 
Wherein the top end of the connection member is made to be 
loWer than the surface of the interlayer insulating ?lm by 30 
nm or more. 

[0032] According to a fourth aspect of the present inven 
tion, there is provided a semiconductor device according to 
the ?rst aspect or the second aspect of the present invention, 
Wherein an adhesion layer is formed betWeen the interlayer 
insulating ?lm and the loWer electrode of the capacitor. 

[0033] According to a ?fth aspect of the present invention, 
there is provided a semiconductor device according to the 
second aspect of the present invention, Wherein an adhesion 
layer is formed betWeen the interlayer insulating ?lm and the 
loWer electrode of the capacitor and the contact layer is 
composed of at least either of silicide of elements forming 
the adhesion layer or silicide of elements forming the loWer 
electrode of the capacitor. 

[0034] According to a sixth aspect of the present inven 
tion, there is provided a method of manufacturing a semi 
conductor device comprising the steps of: forming an inter 
layer insulating ?lm on a major surface of a semiconductor 
substrate, the interlayer insulating ?lm having an opening 
formed to reach the major surface; burying a connection 
member in the opening; forming a thin metal ?lm made or 
mainly composed of ruthenium or iridium as the major 
component thereof, serving as a loWer electrode of the 
capacitor to be electrically connected to the major surface of 
the semiconductor substrate through the connection mem 
ber, and then processing the thin metal ?lm into a predeter 
mined loWer electrode structure of the capacitor; and 
sequentially forming, on the metal electrode, a capacitor 
dielectric ?lm, made of a material having a large dielectric 
constant, and an upper electrode of the capacitor in such a 
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manner that no oxide layer of materials of the metal elec 
trode is formed on the surface of the metal electrode. 

[0035] According to a seventh aspect of the present inven 
tion, there is provided a method of manufacturing a semi 
conductor device comprising the steps of: forming an inter 
layer insulating ?lm on a major surface of a semiconductor 
substrate, the interlayer insulating ?lm having an opening 
formed to reach the major surface; burying a connection 
member containing silicon as the major component thereof 
in the opening; forming a thin metal ?lm made or mainly 
composed of ruthenium or iridium, serving as a loWer 
electrode of the capacitor to be electrically connected to the 
major surface of the semiconductor substrate through the 
connection member, and then processing the thin metal ?lm 
into a predetermined loWer electrode structure of the capaci 
tor; performing heat treatment in such a manner that a 
silicide layer of the thin metal ?lm is formed betWeen the 
metal electrode and the connection member; and sequen 
tially forming, on the metal electrode, a capacitor dielectric 
?lm, made of a material having a large dielectric constant, 
and an upper electrode of the capacitor in such a manner that 
no oXide layer of materials of the metal electrode is formed 
on the surface of the metal electrode. 

[0036] According to an eighth aspect of the present inven 
tion, there is provided a method of manufacturing a semi 
conductor device comprising the steps of: forming an inter 
layer insulating ?lm on a major surface of a semiconductor 
substrate, the interlayer insulating ?lm having an opening 
formed to reach the major surface; burying a connection 
member in a portion of the opening; forming a thin metal 
?lm made or mainly composed of ruthenium or iridium as 
the major component thereof, serving as a loWer electrode of 
the capacitor to be electrically connected to the major 
surface of the semiconductor substrate through the connec 
tion member so as to cover the interlayer insulating ?lm and 
plug the opening, and then processing the thin metal ?lm 
into a predetermined loWer electrode structure of the capaci 
tor; and sequentially forming, on the metal electrode, a 
capacitor dielectric ?lm, made of a material having a large 
dielectric constant, and an upper electrode of the capacitor 
in such a manner that no oXide layer of materials of the metal 
electrode is formed on the surface of the metal electrode. 

[0037] According to a ninth aspect of the present inven 
tion, there is provided a method of manufacturing a semi 
conductor device comprising the steps of: forming an inter 
layer insulating ?lm on a major surface of a semiconductor 
substrate, the interlayer insulating ?lm having an opening 
formed to reach the major surface; burying a connection 
member containing silicon as the major component thereof 
in a portion of the opening; forming a thin metal ?lm made 
or mainly composed of ruthenium or iridium, serving as a 
loWer electrode of the capacitor to be electrically connected 
to the major surface of the semiconductor substrate through 
the connection member so as to cover the interlayer insu 
lating ?lm and plug the opening, and then processing the 
thin metal ?lm into a predetermined loWer electrode struc 
ture of the capacitor; performing heat treatment in such a 
manner that a silicide layer of the thin metal ?lm is formed 
betWeen the metal electrode and the connection member; 
and sequentially forming, on the metal electrode, a capacitor 
dielectric ?lm, made of a material having a large dielectric 
constant, and an upper electrode of the capacitor in such a 
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manner that no oXide layer of materials of the metal elec 
trode is formed on the surface of the metal electrode. 

[0038] According to a tenth aspect of the present inven 
tion, there is provided a method of manufacturing a semi 
conductor device according to any one of the siXth to ninth 
aspects of the present invention and further comprising the 
step of ?attening the surface of the loWer electrode of the 
capacitor by a chemical and mechanical grinding method, 
the step being performed after the step of forming the loWer 
electrode of the capacitor has been performed. 

[0039] According to an eleventh aspect of the present 
invention, there is provided a method of manufacturing a 
semiconductor device according to any one of the siXth to 
tenth aspects of the present invention and further comprising 
the step of forming an adhesion layer betWeen the interlayer 
insulating ?lm and the loWer electrode of the capacitor, the 
step being performed after the step of burying the connec 
tion member in the opening of the interlayer insulating ?lm 
has been performed. 

[0040] The semiconductor device according to the ?rst 
aspect of the present invention includes the loWer electrode 
of the capacitor Which is the metal electrode, the metal 
electrode contains ruthenium or iridium as the major com 
ponent thereof, and the surface of the metal electrode is not 
oXidiZed When the capacitor dielectric ?lm is formed. Since 
the loWer electrode of the capacitor is the metal electrode 
made of iridium or ruthenium, the electrode can easily be 
processed as compared With the conventional case Where 
platinum is employed to form the electrode. Since the 
electrode is not oXidiZed When the capacitor dielectric ?lm 
is formed, the structure of the cell can be simpli?ed. Since 
iridium and ruthenium are chemically stable When the 
capacitor dielectric ?lm is formed, reduction in the capaci 
tance can be prevented. In the case Where high temperature 
heat treatment is performed after the metal electrode has 
been formed, Which is made of iridium or ruthenium, the 
surface of the metal electrode is sometimes roughened and, 
thus, the leakage current is sometimes enlarged though the 
atmosphere is not an oXidiZing atmosphere. HoWever, the 
chemical and mechanical grinding method for ?attening the 
surface Will prevent enlargement of the leakage current. 
When the structure of the capacitor is formed into a stereo 
scopic cell structure, such as a stacked-type structure and the 
loWer electrode of the capacitor is made of ruthenium or 
iridium, the capacity of the capacitor can be enlarged. 

[0041] The semiconductor device according to the second 
aspect of the present invention enables advantages similar to 
those obtainable from the semiconductor device according 
to the ?rst aspect of the present invention to be realiZed. 
Since the contact layer made of silicide of elements forming 
the metal electrode is formed betWeen the metal electrode 
and the connection member, the contact resistance can be 
reduced. 

[0042] The semiconductor device according to the third 
aspect of the present invention enables advantages similar to 
those obtainable from the semiconductor device according 
to the ?rst aspect or the second aspect of the present 
invention to be realiZed. Since the top end of the connection 
member is made to be loWer than the surface of the inter 
layer insulating ?lm, oxidation of the connection member 
taking place When the capacitor dielectric ?lm is formed can 
be prevented. 
















