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(57) ABSTRACT 

There is provided a Semiconductor device comprising a 
dielectric film made of a high dielectric constant material, in 
which a leak current is reduced in the film and which 
exhibits improved device reliability. Specifically, a dielectric 
film 142 is a metal-compound film having a composition 
represented by the formula MOCN, wherein x, y and Z 
meet the conditions: 0<x, 0.1 sys 1.25, 0.01sz and x-y-- 
Z=2; and M comprises at least Hfor Zr. 
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SEMCONDUCTOR DEVICE AND 
MANUFACTURING PROCESS THEREFOR 

0001. This application is based on Japanese patent appli 
cation NO. 2003-0843.14, the content of which is incorpo 
rated hereinto by reference. 

FIELD OF THE INVENTION 

0002 This invention relates to a semiconductor device 
comprising a metal-compound film on a Semiconductor 
Substrate and a manufacturing process therefore. 

BACKGROUND OF THE INVENTION 

0003) A high dielectric constant (so-called “high-k”) film 
has been recently investigated as a component in a Semi 
conductor device. Representative examples of a high-k 
material include Zr- and Hf-containing oxides. Such a 
material can be used for a dielectric film in a capacitor or a 
gate insulating film in an MOSFET to achieve good device 
performance which has not been obtained by the prior art. 
0004 Japanese patent application NO. 2002–373945 dis 
closes a capacitor comprising Such a high-k material. 
Therein, a dielectric film made of the high-k material is 
formed by atomic layer deposition (ALD). The ALD process 
in which one-atomic layers are deposited one by one has 
advantages that a deposition proceSS may be conducted at a 
lower temperature and that a film with good film properties 
may be obtained. 
0005 FIG. 2 shows a cross-sectional view of the capaci 
tor described in Japanese patent application NO. 2002 
373945. Therein, on a Substrate 21 are formed a device 
Separating region 22 while in a device region is formed a 
transistor consisting of a gate electrode 23 and a Source/ 
drain diffusion layer 24. On both sides of the gate electrode 
23, there are formed side walls 25. An unshown cobalt 
silicide film covers over the gate electrode 23 and the 
Source/drain diffusion layer 24. 
0006. On the transistor is formed a bit line 29 via a cell 
contact 28. On the transistor is formed a cylindrical MIM 
capacitor via a capacitor contact 31. The capacitor has a 
Structure that there are laminated a lower electrode 34, a 
dielectric film 35 and an upper electrode 36 are deposited, on 
which a tungsten film 37 is formed. An insulating film for the 
dielectric film 35 is made of a metal material such as ZrO. 
The dielectric film 35 is deposited by atomic layer deposi 
tion. 

0007 When forming a ZrO2 film by atomic layer depo 
Sition, deposition gas used generally comprises ZrCl and 
HO. The above reference has also described that a ZrO. 
layer can be formed by the method. There have been, 
however, increased needs for a high-k film with much higher 
film properties and for a deposition process with a higher 
production efficiency. Any deposition proceSS according to 
the prior art cannot adequately meet the needs. Furthermore, 
it has been Strongly needed that a leak current is reduced in 
a capacitor comprising a high-k material. 
0008 Furthermore, there have been attempts to use a 
high-k material for a gate insulating film in a transistor. 
Using Such a material, a film can be thin as calculated as a 
Silicon oxide film even when making a gate insulating film 
thicker to Some extent, So that a physically and structurally 
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Stable gate insulating film can be achieved. However, in a 
transistor comprising Such a gate insulating film, dopants 
introduced in a gate electrode may Sometimes penetrate the 
gate insulating film to reach a channel region. Dopant 
penetration may significantly deteriorate reliability of a 
Semiconductor device without transistor properties as 
designed. In designing a transistor comprising a high-k gate 
insulating film, adequately preventing Such dopant penetra 
tion is an important technical problem. 
0009. In view of the above situation, an objective of this 
invention is to give a Semiconductor device comprising a 
film made of a high dielectric constant material with a 
reduced leak current in the film and with improved device 
reliability. 
0010 Another objective of this invention is to provide a 
capacitor with a higher capacity and a reduced leak current. 
0011. A further objective of this invention is to provide a 
transistor comprising a gate insulating film with a Smaller 
thickness as calculated as a Silicon oxide film and with 
improved reliability. 

SUMMARY OF THE INVENTION 

0012. This invention provides a semiconductor device 
comprising a Semiconductor Substrate and a metal-com 
pound film thereon, wherein the metal-compound film has a 
composition represented by the formula: 

MOCN x-y 'z 

0013 wherein x, y and Z meet the conditions: 0<x, 
0.1 sys 1.25, 0.01sz and x-y--Z=2; and M comprises at 
least Hfor Zr. 

0014. This invention also provides a semiconductor 
device comprising a Semiconductor Substrate, a pair of 
electrodes thereon and a capacitor comprising a dielectric 
film between the electrodes, wherein the dielectric film 
comprises a metal-compound film having a composition 
represented by the formula: 

MOCN, 
0015 wherein x, y and Z meet the conditions: 0<x, 
0.1 sys 1.25, 0.01sz and x-y--Z=2; and M comprises at 
least Hfor Zr. 

0016. The semiconductor device may further comprise a 
gate electrode formed on the Semiconductor Substrate; a 
transistor comprising a Source and a drain regions formed in 
the Semiconductor Substrate whose Surfaces are Silicided; 
and a connecting plug for connecting the Source and the 
drain regions in the transistor with the capacitor. 
0017. This invention also provides a semiconductor 
device comprising a Semiconductor Substrate; a gate insu 
lating film formed on the main Surface of the Semiconductor 
Substrate; a gate electrode on the gate insulating film; and a 
Source and a drain regions formed on the Semiconductor 
Substrate which together Sandwich the gate electrode, 
wherein the gate insulating film comprises a metal-com 
pound film having a composition represented by the for 
mula: 

MOCN, 
0018 wherein x, y and Z meet the conditions: 0<x, 
0.1 sys 1.25, 0.01sz and x-y--Z=2; and M comprises at 
least Hfor Zr. 
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0019. This invention also provides a process for manu 
facturing a Semiconductor device, comprising the Step of 
forming a metal-compound film having a composition rep 
resented by the formula: 

MOCN, 
0020 wherein x, y and Z meet the conditions: 0<x, 
0.1 sys 1.25, 0.01sz and x-y--Z=2; and M comprises at 
least Hfor Zr, on a Semiconductor Substrate by atomic layer 
deposition. 

0021. This invention also provides a process for manu 
facturing a Semiconductor device comprising forming a first 
electrode, a dielectric film and a Second electrode on a 
Semiconductor Substrate, wherein the Step of forming the 
dielectric film comprises forming a metal-compound film 
having a composition represented by the formula: 

MOCN, 
0022 wherein x, y and Z meet the conditions: 0<x, 
0.1 sys 1.25, 0.01sz and x-y--Z=2; and M comprises at 
least Hfor Zr, on a Semiconductor Substrate by atomic layer 
deposition. 

0023 The process for manufacturing a semiconductor 
device may further comprise the Steps of forming a gate 
electrode on the Semiconductor Substrate; introducing a 
dopant into the main Surface of the Semiconductor Substrate 
to form a Source and a drain regions Such that the gate 
electrode is Sandwiched between the regions, Siliciding the 
Surfaces of the Source and the drain regions; and forming an 
interlayer insulating film over the gate electrode, the Source 
region and the drain region, then Selectively removing the 
interlayer insulating film to form a contact hole reaching the 
Source and the drain regions, and then filling the contact hole 
with a metal film to form a connecting plug, wherein the first 
electrode is formed Such that the connecting plug is con 
nected with the first electrode; the dielectric film is formed 
at 200° C. to 400° C. both inclusive; and the first and the 
second electrodes are formed at 500 C. or lower. 

0024. This invention also provides a process for manu 
facturing a Semiconductor device comprising the Steps of 
forming a gate insulating film on a Semiconductor Substrate; 
forming a gate electrode film on the gate insulating film; 
Shaping the gate insulating film and the gate electrode film 
into a given shape to form a gate electrode, and introducing 
a dopant into the main Surface of the Semiconductor Sub 
Strate to form a Source and a drain regions Such that the gate 
electrode is Sandwiched between the regions, wherein the 
Step of forming the gate insulating film comprises forming 
a metal-compound film having a composition represented by 
the formula: 

MOCN, 
0.025 wherein x, y and Z meet the conditions: 0<x, 
0.1ys 1.25, 0.01sz and x-y--Z=2; and M comprises at least 
Hf or Zr, on a Semiconductor Substrate by atomic layer 
deposition. 

0026. A semiconductor device according to this invention 
comprises a metal-compound film represented by the above 
formula MO.C.N. The metal-compound film comprises 
carbon and nitrogen within a particular composition range, 
So that a leak current can be Significantly reduced. By our 
Study, it has been confirmed that flatness in a film Surface can 
be improved by using a metal-compound film having the 
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above particular composition. It would thus contribute to 
reduction in a leak current between the metal-compound 
film and the adjacent film. Although the reason why flatness 
in the Surface of the metal-compound film is improved is not 
clearly understood, it would be speculated that a film com 
position in which carbon and nitrogen are contained within 
a particular range may lead to reduction in a size of grains 
constituting the film, resulting in improved flatneSS in the 
film Surface. 

0027 Reduction in a leak current may be more significant 
when applying this invention to a capacitor. A capacitor has 
a configuration where a dielectric film made of a dielectric 
is disposed between a pair of metal electrodes, So that a leak 
current tends to generate in an interface between the differ 
ent materials. According to this invention, Surface flatness in 
a dielectric film comprising the above metal-compound film 
can be improved, So that a leak current in Such an interface 
may be effectively reduced. 

0028. Furthermore, when applying this invention to a 
transistor, migration of dopants within a gate insulating film 
can be inhibited and dopant penetration described in 
“Description of the Prior Art' can be inhibited. Although the 
reason is not clearly understood, it would be speculated that 
a film composition containing carbon and nitrogen within a 
particular range may lead to reduction in a size of grains 
constituting the film, So that migration of the dopants via a 
grain boundary. 

0029. A process for manufacturing a semiconductor 
device according to this invention employing chemical 
Vapor deposition, preferably atomic layer deposition may 
consistently provide a Semiconductor device having the 
above good properties. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0030 FIG. 1 shows a structure of a capacitor according 
to an embodiment. 

0031 FIG. 2 shows a structure of a capacitor according 
to the prior art. 
0032 FIG. 3A and FIG. 3B illustrate a process for 
manufacturing a capacitor according to an embodiment. 

0033 FIG. 4C and FIG. 4D illustrate a process for 
manufacturing a capacitor according to an embodiment. 

0034 FIG. 5E and FIG. 5F illustrate a process for 
manufacturing a capacitor according to an embodiment. 

0035 FIG. 6G and FIG. 6H illustrate a process for 
manufacturing a capacitor according to an embodiment. 

0036 FIG. 7 and FIG. 7J illustrate a process for manu 
facturing a capacitor according to an embodiment. 

0037 FIG. 8A and FIG. 8B show exemplary sequences 
for depositing an oxide film and an oxynitride film, respec 
tively. 

0038 
0039 FIG. 10 shows a structure of a decoupling capaci 
tor according to an embodiment. 
0040 FIG. 11 shows a structure of a transistor according 
to an embodiment. 

FIG. 9 is a conceptual diagram of a remote plasma. 
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0041 FIG. 12A, FIG. 12B, FIG. 12C and FIG. 12D 
illustrate a process for manufacturing a transistor according 
to an embodiment. 

0042 FIG. 13E and FIG. 13F illustrate a process for 
manufacturing a transistor according to an embodiment. 
0.043 FIG. 14 shows properties of the capacitors evalu 
ated in Examples. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0044) In this invention, the formula MOCN may meet 
the conditions: 0.7s 1.85 and 0.05s Z0.2 to more reliably 
reduce a leak current in the metal-compound film. Further 
more, 0.1 or less of Z indicating a nitrogen ratio may increase 
a relative oxygen ratio to improve a dielectric constant. The 
metal-compound film defined by the above formula MO. 
CN, may contain additional trace elements. 
0.045. A semiconductor device of this invention may 
further comprise a gate electrode formed on a Semiconductor 
Substrate; a transistor comprising a Source and a drain 
regions formed in the Semiconductor Substrate whose Sur 
faces are Silicided; and a connecting plug for connecting the 
Source and the drain regions in the transistor with the 
capacitor. Siliciding the Surfaces of the Source and the drain 
regions may reduce a resistance in the Source and the drain 
regions and reduce a contact resistance of the connecting 
plug With the Source and the drain regions, resulting in 
higher-speed transistor operation. 
0046) When forming the metal-compound film by atomic 
layer deposition in this invention, the deposition gas may 
comprise: 

0047 wherein M comprises at least Hfor Zr; and R and 
R" independently represent hydrocarbon, So that the metal 
compound film having the above particular composition 
may be consistently provided and contamination with par 
ticles derived from the deposition gas may be inhibited, 
resulting in more improved metal-compound film properties. 

0.048. In this invention, after forming the metal-com 
pound film, the film may be annealed in nitrogen or a 
nitrogen-containing gas, to introduce nitrogen into the film. 
Such introduction of nitrogen into the metal-compound film 
can further reduce a leak current. 

0049. When applying this invention to a capacitor, the 
following configuration may be employed. The device may 
further comprise a gate electrode formed on a Semiconductor 
Substrate; a transistor comprising a Source and a drain 
regions formed in the Semiconductor Substrate whose Sur 
faces are Silicided; and a connecting plug for connecting the 
Source and the drain regions in the transistor with the 
capacitor. Siliciding the Surfaces of the Source and the drain 
regions may reduce a resistance in the Source and the drain 
regions and reduce a contact resistance of the connecting 
plug with the Source and the drain regions, resulting in 
higher-speed transistor operation. In Such a Silicided Source 
or drain region, Silicide aggregation may be caused in a 
process at an elevated temperature of, for example, 500 C. 
or higher. For the capacitor according to this invention, a 
dielectric film can be formed by allow-temperature deposi 
tion process at 200 C. to 400 C. Such as atomic layer 
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deposition, So that Such aggregation can be prevented. A 
Semiconductor device having Such a configuration may be 
manufactured by the Steps of forming a gate electrode on the 
Semiconductor Substrate; introducing a dopant into the main 
Surface of the Semiconductor Substrate to form a Source and 
a drain regions Such that the gate electrode is Sandwiched 
between the regions, Siliciding the Surfaces of the Source and 
the drain regions, and forming an interlayer insulating film 
over the gate electrode, the Source region and the drain 
region, then Selectively removing the interlayer insulating 
film to form a contact hole reaching the Source and the drain 
regions, and then filling the contact hole with a metal film to 
form a connecting plug. In the process, the first electrode is 
formed Such that the connecting plug is connected with the 
first electrode. In addition, the first and the Second electrodes 
are formed at 500 C. or lower. A lower limit for the 
temperature may be appropriately Selected depending on a 
deposition method; for example, 100° C. or higher. 
0050. The step of siliciding the surfaces of the source and 
the drain regions may comprise forming a metal film made 
of a transition metal adjacent to the Source and the drain 
regions and then heating the film. Examples of a transition 
metal film may include cobalt and nickel films. When 
employing Such a configuration, the Step of forming the first 
electrode, the dielectric film and the Second electrode in the 
capacitor must be conducted at 500 C. or lower. At a 
temperature higher than 500 C., silicide formed in the 
Source and the drain regions may be aggregated, leading to 
an increased contact resistance of the connecting plug With 
the Source and the drain regions. For forming an electrode 
and a dielectric film by a low-temperature process, it is 
preferable that an electrode material is properly Selected and 
the dielectric film is deposited by atomic layer deposition. 
Given these conditions, preferable examples of an electrode 
material include materials containing Ti, W, Pt, Ir, Ru or a 
nitride thereof. 

0051) Preferred embodiments of this invention will be 
described with reference to the drawings. 

Embodiment 1 

0.052 This embodiment relates to a cylinder type MIM 
capacitor. FIG. 1 schematically shows a structure of the 
capacitor according to this embodiment, which a cylinder 
type MIM capacitor is formed, via a capacitor contact 131, 
on a transistor comprising a gate electrode 123 and a 
Source-drain region 124. The capacitor has a Structure in 
which a lower electrode (a first electrode) 140, a dielectric 
film 142, an upper electrode (a Second electrode) 144 and a 
tungsten film are Sequentially deposited and these are pat 
terned. A bit line 129 is formed on the transistor via a cell 
contact 128. Although the bit line 129 and the capacitor 
contact 131 are drawn in the same cross-sectional view in 
FIG. 1, it is for the sake of deeper understanding of the 
whole Structure, but actually these are not crossed. In this 
configuration, there is disposed a bit line 129 in a gap in the 
region where the capacitor contact 131 is disposed. 
0053. The dielectric film 142 is a metal-compound film 
having a composition represented by ZrOCN, wherein X, 
y and Z meet the conditions: 0<x, 0.1 sys 1.25, 0.01sz, 
X+y+Z=2. A metal-compound film having Such a composi 
tion cannot be obtained Simply by Selecting a deposition gas 
as appropriate, but can be obtained only by appropriately 
Selecting a deposition gas and optimizing the deposition 
conditions. 



US 2004/0217478 A1 

0.054 Since a dielectric film is made of a metal com 
pound having Such a particular composition, a capacitor 
according to this embodiment has a high capacity while a 
leak current is significantly reduced. There will be described 
the process for manufacturing a device shown in FIG. 1. 
0055) First, a transistor is formed as shown in FIG. 3A. 
On a Silicon Substrate 121 are formed a device Separating 
region 122 and then a gate electrode 123 via an unshown 
gate insulating film. Then, a dopant is ion-implanted around 
the Surface of the Substrate 121 to form a Source-drain region 
124. Then, on the surfaces of the gate electrode 123 and the 
Source-drain region 124 is formed a cobalt film, which is 
heated to form a cobalt silicide film. On the transistor thus 
formed is formed an interlayer insulating film 126. 
0056 Next, the interlayer insulating film 126 is selec 
tively dry-etched to form a contact hole reaching the Source 
drain region 124. Then, on the contact hole are formed 
TiN/Ti as a barrier film and then a tungsten film Such that the 
hole is filled with the latter. The tungsten was then polished 
by CMP to form a tungsten plug. Thus, cell contacts 127, 
128 are formed as shown in FIG. 3B. 

0057 Then, on the cell contacts 127,128 are sequentially 
formed a bit line 129 and an interlayer insulating film 130. 
The upper surface of the interlayer insulating film 130 is 
leveled by CMP (chemical mechanical polishing) (FIG. 
4C). 
0.058 Next, the interlayer insulating film 130 is dry 
etched to form a contact hole reaching the cell contact 127. 
A tungsten film was deposited to fill the contact hole and 
CMP was conducted to form a capacitor contact 131 (FIG. 
4D). Although the bit line 129 and the capacitor contact 131 
are drawn in the same cross-sectional view in FIG. 4-D, it is 
for the Sake of deeper understanding of the whole Structure, 
but actually these are not crossed. 
0059) Then, as shown in FIG. 5E, on the capacitor 
contact 131 is formed an interlayer insulating film 132. 
Then, as shown in FIG. 5F, in the interlayer insulating film 
132 is opened a cylinder 133 for forming a capacitor. The 
cylinder 133 may have, for example, an elliptical cylindrical 
shape with a depth of 300 to 500 nm, a longer axis of 0.3 to 
0.5 um and a shorter axis of 0.15 to 0.3 um. 
0060. Then, as shown in FIG. 6G, a lower electrode 
140is formed by CVD to a film thickness of 5 to 40 nm. 
0061 The inside of the cylinder 133 is filled with a 
photoresist, the whole Surface of the Substrate is etched 
back, and then the photoresist in the inside of the cylinder 
133 is removed by oxygen plasma processing and organic 
stripping. Thus, the lower electrode 140 on the outside of the 
cylinder 133 is removed (FIG. 6H). 
0062) Then, over the whole surface of the substrate are 
Sequentially deposited a dielectric film 142and an upper 
electrode 144. Herein, the dielectric film 142 is formed by 
atomic layer deposition (ALD). 
0.063. The dielectric film 142 has a composition repre 
sented by ZrOCN, wherein x, y and Z meet the following 
conditions: 0<x, 0.1 sys 1.25, 0.01s Z, x-y--Z=2. 
0064. Among deposition gas components used in depo 
Sition of the dielectric film 142, a metal Source gas is a metal 
compound represented by the general formula Zr(NRR"). 
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wherein R and R' independently represent hydrocarbon, 
preferably straight or branched alkyl. As R or R', preferred 
is alkyl having up to 6 carbon atoms; for example, methyl, 
ethyl, propyl and tert-butyl. 
0065 Preferable examples of the above source gas 
include Zr(N(CHs)), Zr(N(CH)) and 
Zr(N(CH2)(CH3)). Such a compound be selected to obtain 
a film with a flat Surface and to prevent particles from 
contaminating the film, resulting in a dielectric film with a 
reduced leak current and good film properties. 
0066 An oxidizer gas used in deposition of the dielectric 
film may be oxygen or an oxygen-containing compound 
such as NO, NO, NO, HO, O, and O. Among these, NO, 
NO and NO are preferable, and a combination of a 
nitriding and an oxidizing gases Such as a mixture of NO and 
NO or NO and O is more preferable. Such a gas may be 
Selected to consistently obtain a dielectric film with good 
film properties. While HO tends to remain in a deposition 
System in a proceSS employing H2O as an oxidizing agent 
frequently used in the prior art, NO, NO or NO may be 
easily removed from a deposition System by purging, result 
ing in an improved production efficiency. 
0067 For example, a ZrO2 film was deposited to 10 nm 
by one of the following methods. A required deposition time 
was 20 min and 18 min in Methods 1 and 2, respectively, 
while being 55 min in Method 3. 

Method 1 

0068. Deposition gas: Zr(N(CH) (CH))+NO 

Method 2 

0069 Deposition gas: Zr(N(CH) (CH))+O. 

Method 3 

0070. Deposition gas: ZrCl+HO 
0071 Adeposition temperature for the dielectric film 142 
is preferably 200° C. to 400° C. both inclusive. At a 
temperature lower than 200 C., impurities in the ZrO2 film 
may increase. At a temperature higher than 400 C., decom 
position of Zr(NRR) may be initiated on a substrate on 
which deposition occurs to cause contamination with impu 
rities to an unacceptable level. At an excessively higher 
deposition temperature, a crystal grain size may be 
increased, leading to an increased leak current. 
0072 A ratio of a metal-containing deposition gas to an 
oxidizing gas (a metal-containing deposition gas/an oxidiz 
ing gas) is preferably 1/100 or less for reducing impurities 
in the film. 

0073 When using a mixture of NO and N as an oxidiz 
ing gas, a ratio of NO/N is preferably 1/10,000or more. 
0074. A pressure during deposition is, for example, 10 
mtorr to 10 torr. 

0075. A deposition gas may be fed, for example, as 
shown in FIG. 8A and FIG. 8B. FIG. 8A and FIG. 8B show 
exemplary Sequences for depositing an oxide film and an 
oxynitride film, respectively. In FIG. 8B, ammonia is intro 
duced during deposition to form an oxynitride film. In the 
figure, a “deposition gas' indicates a metal-compound 
Source gas and an “oxidizing agent' indicates oxygen or an 
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oxygen-containing compound gas. There will be described 
the Sequence in FIG. 8A for the case where a deposition gas, 
an oxidizer gas and a purge gas are Zr(N(CH2)(CH3)), NO 
and an inert gas, respectively. 

0.076 First, by feeding Zr(N(CH) (CH)) as a source 
material into a chamber in an ALD apparatus, a reaction is 
initiated in the lower electrode Surface to grow only one 
atomic layer. After stopping feeding of Zr(N(CH2)(CH3)), 
an inert gas, typically Ar or N is fed as a purge gas into the 
chamber to remove excessive unreacted Zr(N(CH) 
(CH3)). 
0077. Then, NO is fed to remove a functional group 
having a Zr terminus which has grown on the Substrate. 
After Stopping feeding of NO, an inert gas, typically Ar or 
N is fed as a purge gas to remove unreacted NO and 
reaction byproducts. Then, the purge gas is stopped. 

0078. The sequential cycle of Zr(N(CH2)(CH3)) feed 
ing, purging, NO feeding and purging can be repeated a 
desired number of times to give a dielectric film 142 made 
of ZrOCN, wherein x, y and Z meet the conditions: 0<x, 
0.1 sys 1.25, 0.01s Z, x-y--Z=2, having a thickness of 5 to 
15 nm. 

0079. In addition to appropriately selecting a deposition 
gas, it is also important to Select the optimum deposition 
conditions depending on the deposition gas for allowing X, 
y and z in ZrOCN to meet the conditions: 0<x, 
0.1 sys 1.25, 0.01sz and X-y+z=2. The deposition gas is 
preferably the above metal compound represented by 
Zr(NRR), wherein RandR' independently represent straight 
or branched alkyl. In terms of the deposition conditions, a 
deposition temperature, a deposition pressure, a deposition 
rate and a deposition gas are Selected as appropriate. 

0080. After forming the dielectric film 142, an upper 
electrode 144 is formed by CVD to a thickness of 5 to 40 
nm. Now, the state shown in FIG. 7 is obtained. 

0081. Then, as shown in FIG. 7J, a tungsten film 146 is 
formed such that the inside of the cylinder 133 is filled. On 
the tungsten film is formed a resist film having a given 
opening, which is then used as a mask for Selective dry 
etching of the tungsten film 146 to Separate devices. Thus, 
an MIM type capacitor as shown in FIG. 1 is provided. 
0082 The MIM type capacitor thus formed is a high 
capacity device because it comprises a dielectric film made 
of ZrOCN which is a highly insulating material with a higher 
dielectric constant. Furthermore, Since interfaces between 
the lower electrode and the dielectric film and between the 
dielectric film and the upper electrode can be stably kept in 
a good State, reduction in a capacitance value and increase 
in dielectric film leak can be effectively prevented. 
0.083. There has been described an example of a cylinder 
type capacitor, but this invention is not limited to it. Thus, 
this invention may be applied to a planar or box type 
capacitor. 

Embodiment 2 

0084. In Embodiment 1, after forming the dielectric film 
142, the dielectric film 142 may be nitrided by a plasma 
using a nitrogen-containing compound Such as N2O and 
NH, to more effectively reduce a leak current in a capacitor. 
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0085. In such a nitriding process, it is preferable to use a 
remote plasma. FIG. 9 is a conceptual diagram of a remote 
plasma. A plasma is generated in a plasma generation 
chamber equipped with a gas inlet, a wave guide and 
microwave application means, which is placed Separately 
from a deposition chamber where a Substrate is disposed. 
The plasma generated is introduced via a quartz tube into the 
chamber in which the substrate is disposed. In the chamber, 
the Surface of the Substrate is Subjected to plasma proceSS 
ing. In FIG. 9, nitrogen alone is introduced for generating a 
plasma. Such a procedure may be employed to adequately 
conduct nitriding while preventing the Substrate from being 
damaged. The following plasma conditions may be Selected. 

0086) Temperature: 400 to 450° C.; 

0087 
0088) 
0089) 

Plasma power: 400 W to 5,000 W: 

Flow rate of N or NH: 0.5 L to 5 L/min: 
Pressure: 1 mtorr to 10 torr. 

Embodiment 3 

0090 This embodiment is an example where this inven 
tion is applied to a decoupling capacitor. A decoupling 
capacitor is a high dielectric constant film capacitor formed 
over an interconnect in an LSI for compensating a Voltage 
reduction induced by a parasitic inductance between a power 
Source and the LSI interconnect. In this embodiment, a 
dielectric film in the capacitor is formed by ALD whereby 
the dielectric film can be deposited at a lower temperature 
and which can eliminate the need for post-annealing under 
an oxidizing atmosphere, allowing the MIM type film 
capacitor to act as a decoupling capacitor between power 
SOUCCS. 

0091 FIG. 10 is a partial cross-sectional view of a 
Semiconductor device according to this embodiment. On an 
uppermost interconnect (grounding wire) 201 and an upper 
most interconnect (power wire) 202 is formed an interlayer 
film 205, on which are sequentially formed a lower electrode 
206, a dielectric film 207 and an upper electrode 208, to 
provide a decoupling capacitor 210. The lower electrode 206 
and the uppermost interconnect (grounding wire) 201 are 
connected via a contact plug 203, while the upper electrode 
208 and the uppermost interconnect (power wire) 202 are 
connected via a contact 204. 

0092. There will be described a process for manufactur 
ing a decoupling capacitor shown in FIG. 10. First, an 
interlayer film 205 is deposited on uppermost interconnects 
201, 202 in a logic device prepared according to a well 
known manufacturing process. In the interlayer film 205 is 
formed a contact hole, which is then filled by depositing one 
or two or more of the materials Selected from the group 
consisting of Cu, Al, TiN and W. Then, CMP is conducted 
to form contact plugs 203,204. After CMP, on the interlayer 
film 205 and the contact plugs 203,204 is deposited a lower 
electrode film made of at least one material Selected from the 
group consisting of TiN, Ti, TaN, Ta, W, WN, Pt, Irand Ru 
by reactive sputtering or ALD. The lower electrode film is 
shaped into a predetermined shape to form a lower electrode 
206. 

0093. After forming the lower electrode 206, a dielectric 
film is formed by ALD at a deposition temperature of 200 to 
400 C. The dielectric film has a composition represented by 
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ZrOCNZ wherein x, y and Z meet the conditions: 0<x, 
0.1 sys 1.25, 0.01sz and x-y--Z=2. A film thickness is 
about 2 to 15 nm. The procedure for depositing the film and 
a deposition and an oxidizer gases used are as described in 
Embodiment 1. Since a metal-compound film having Such a 
particular composition is used as a dielectric film, this 
embodiment can provide a capacitor with a higher capacity 
and a reduced leak current. 

0094. After shaping the dielectric film into a desired 
shape to obtain a dielectric film 207, on which is deposited 
an upper electrode film made of at least one material Selected 
from the group consisting of TiN, Ti, TaN, Ta, W, WN, Pt, 
Ir and Ruby sputtering or ALD. It is then shaped into a 
desired shape to form an upper electrode 208 to give a film 
capacitor within the Semiconductor device, which acts as a 
decoupling capacitor. 

0.095 Although the lower electrode is connected to the 
uppermost interconnect (grounding wire) while the upper 
electrode is connected to the uppermost interconnect (power 
wire) in FIG. 10, this invention is not limited to the 
configuration. A configuration with a different connection 
Style where the lower electrode is connected to the upper 
most interconnect (power wire) while the upper electrode is 
connected to the uppermost interconnect (grounding wire), 
may be, of course, Similarly effective. 
0.096 Although the film capacitor acting as a decoupling 
capacitor is formed right above the uppermost interconnect 
in the device in FIG. 10, the capacitor is not necessarily to 
be above the uppermost interconnect, but may be formed in 
any of the inside and the lower part of the device. 
0097 As described above, according to Embodiment 3, a 
dielectric film having a high dielectric constant can be 
formed by ALD allowing deposition at a lower temperature 
and eliminating the need for post-annealing under an oxi 
dizing atmosphere, to form a film capacitor within a Semi 
conductor device without property deterioration or yield 
reduction due to oxidation of an interconnect layer. 
0098. The film capacitor may be used as a decoupling 
capacitor to Solve the problems in a conventional on-chip 
decoupling capacitor while achieving advantages in an on 
chip decoupling capacitor, i.e., a low inductance and a high 
capacity. 
0099. A film capacitor comprising a dielectric film having 
the above particular composition can be formed on the 
uppermost interconnect in a Semiconductor device to 
achieve an on-chip decoupling capacitor with a lower induc 
tance and a higher capacity, which can adequately deal with 
Speeding-up in an LSI. 

Embodiment 4 

0100. In this embodiment, this invention is applied to an 
MOSFET. An MOSFET according to this embodiment has 
a structure shown in FIG. 11. A transistor in FIG. 11 
comprises a gate electrode consisting of a gate insulating 
film consisting of a laminate of a silicon oxynitride film 402 
and a metal-compound film 404 on a silicon substrate 400 
and a gate electrode 406 made of polysilicon. On the lateral 
face of the gate electrode is formed a side wall 410 com 
prised of a silicon oxide film. On the surface of the silicon 
substrate 400 adjacent to both sides of the gate electrode is 
formed a Source-drain region 412 in which a dopant is 
dispersed. 
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0101 The metal-compound film 404 has a composition 
represented by H?OCN, wherein x, y and Z meet the 
conditions: 0<x, 0.1 sys 1.25, 0.01sz and x-y--Z=2. Such a 
film can be used to effectively prevent a dopant in the gate 
electrode from penetrating into the Silicon Substrate. 
0102 Preferable examples of a source gas for depositing 
the above metal-compound film include Hf(N(CH3)), 
Hf(N(CH)), and Hf(N(CH4)(CH3)). Such a compound 
can be selected to more effectively prevent a dopant in the 
gate electrode from penetrating into the Silicon Substrate. 

0103) There will be described a process for manufactur 
ing a transistor shown in FIG. 11 with reference to FIG. 
12A, FIG. 12B, FIG. 12C, FIG. 12D, FIG. 13E and FIG. 
13F. First, a silicon Substrate 400 whose Surface has been 
washed with a given chemical is prepared as shown in FIG. 
12A. Then, as shown in FIG. 12B, a silicon oxynitride film 
402 is deposited by CVD on the main surface of the silicon 
Substrate 400. Then, as shown in FIG. 12C, a metal 
compound film 404 is formed by atomic layer deposition. A 
metal Source gas in a deposition gas used in the deposition 
is a metal compound represented by the general formula: 

0104 wherein R and R' independently represent hydro 
carbon, preferably straight or branched alkyl. R and R' are 
preferably alkyl having up to 6 carbon atoms; for example, 
methyl, ethyl, propyl and tert-butyl. 

0105. An oxidizer gas used in deposition of the metal 
compound film 404 may be oxygen or an oxygen-containing 
compound Such as NO, NO. N.O., H2O, O, and Os. Among 
these, NO, NO and NO are preferable, and a combination 
of a nitriding and an oxidizing gases Such as a mixture of NO 
and NO or NO and O is more preferable. Such a gas may 
be selected to consistently obtain a dielectric film with good 
film properties. NO, NO or NO may be easily removed 
from a deposition System by purging, resulting in an 
improved production efficiency. 

0106 A deposition gas may be fed as described below. 
First, by feeding Hf(N(CH2)(CH3)) as a source material 
into a chamber in an ALD apparatus, a reaction is initiated 
in the lower electrode Surface to grow only one atomic layer. 
After stopping feeding of Hf(N(CH2)(CH)), an inert gas, 
typically Ar or N is fed as a purge gas into the chamber to 
remove excessive unreacted Hf(N(CH) (CH)). 
0107 Then, NO is fed to remove a functional group 
having a Hf terminus which has grown on the Substrate. 
After Stopping feeding of NO, an inert gas, typically Ar or 
N is fed as a purge gas to remove unreacted NO and 
reaction byproducts. Then, the purge gas is stopped. 

0108). The sequential cycle of Hf(N(CH2)(CH3)) feed 
ing, purging, NO feeding and purging is repeated a desired 
number of times to give a metal-compound film 404 made 
of HfOCN, wherein x, y and Z meet the conditions: 0<x, 
0.1 sys 1.25, 0.01s Z, x-y--Z=2, having a thickness of 5 to 
15 nm. 

0109) Then, as shown in FIG. 12D, on the metal-com 
pound film 404 is formed a gate electrode film 406. The gate 
electrode film 406 may be preferably made of polycrystal, 
but may be another type of metal electrode Such as SiGe, 
TiN, WN and Ni. 



US 2004/0217478 A1 

0110. Next, as shown in FIG. 13E, the silicon nitride film 
402, the metal-compound film 404 and the gate electrode 
film 406 are etched into given shapes to obtain a gate 
electrode. Then, while forming a side wall 410 on the lateral 
face of the gate electrode, a dopant is introduced into the 
gate electrode and the surface of the silicon substrate 400 
adjacent to both sides of the gate electrode. Thus, an 
MOSFET shown in FIG. 13F is prepared. 
0111. In the MOSFET according to this embodiment, 
Since the gate insulating film comprises a metal-compound 
film 404 having the above particular composition, it can 
effectively prevent a dopant in the gate electrode film 406 
from penetrating the gate insulating film into the Silicon 
substrate 400. Thus, a highly reliable transistor can be 
obtained. 

0112 Although there have been described preferred 
embodiments of this invention, it will be apparent to those 
skilled in the art that these embodiments are only illustrative 
and that there may be many variations, which can be 
encompassed within this invention. 
0113 For example, a Zr-containing and an Hf-containing 
films are used for a capacitor and a transistor, respectively, 
in the above embodiments. An Hf-containing and a Zr 
containing films may be, on the contrary, used for a capacitor 
and a transistor, respectively. A film containing both Hf and 
Zr may be used as a capacitive and/or a gate insulating films. 
0114. A capacitive or gate insulating film may be single 
layered or multi-layered. When being multi-layered, it may 
comprise a plurality of metal-compound films having the 
above particular composition. In a multilayered Structure, 
the individual layerS may have different compositions, for 
example, as in a laminate film of ZrOCN and HfOCN as 
long as they have a composition within the above particular 
range. 

0115. In a capacitive or gate insulating film, a part in 
contact with an electrode may be made of a material other 
than that in the above metal-compound film. For example, in 
an interface between a gate insulating film and a Silicon 
Substrate or an interface between a gate insulating film and 
a gate electrode, a metal nitride or metal oxynitride film may 
be formed for preventing a reaction of Silicon with the 
metal-compound film. 

EXAMPLES 

0116. On a silicon Substrate was formed a transistor. In 
the upper part of the transistor was formed a cylindrical type 

NO. 1 NO. 2 
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capacitor having the structure in FIG. 1 as described in 
Embodiment 1 Such that the capacitor was connected with a 
diffusion layer in the transistor. The capacitor had a structure 
where a lower electrode made of TIN with a thickness of 30 
nm, a dielectric film with a thickness of 10 nm and an upper 
electrode made of TN with a thickness of 30 nm were 
Sequentially deposited. 
0117 The dielectric film was deposited by atomic layer 
deposition. Varying the deposition conditions as shown in 
Table 1, Samples Nos. 1 to 8 were prepared. Elemental 
compositions for the dielectric films thus prepared were 
determined by SIMS (secondary ion mass spectrometry). 
The results were shown in Table 2. 

0118 Sample Nos. 2 to 4 had a composition represented 
by ZrOCN, in which x, y and z met the conditions: 0.7<x, 
0.1 sys 1.25, 0.01s Z, and x+y+z=2. 
0119. On the other hand, sample Nos. 6 to 8 had a 
composition deviating from the range for X, y and Z defined 
in the above formula. It may be found that although in all of 
sample Nos. 6 to 8 and Nos. 2 to 4, Zr(N(CH) (CH)) 
(tetrakis-methylethylamino-Zirconium) is used, a composi 
tion in a film obtained may vary depending on the deposition 
conditions. It demonstrates that a metal-compound film 
having a composition represented by ZrOCN, meeting the 
above conditions cannot be obtained simply by Selecting a 
deposition gas as appropriate, but can be obtained only by 
appropriately Selecting a deposition gas and optimizing the 
deposition conditions. The deposition conditions may 
include a deposition temperature, a deposition pressure, a 
deposition rate and a feeding time of a deposition gas. A 
combination of these conditions may be optimized to obtain 
the above metal-compound film. 
0120 Films prepared under the same conditions as those 
for Sample Nos. 1 to 5 were analyzed by a particle checker. 
In Sample No. 1, contamination with particles was observed 
in the film. In Sample Nos. 2 to 5 and 6 to 8, contamination 
with particles was not observed. 
0121 Next, among the samples, sample Nos. 1, 3, 5 and 
8 were determined for a capacity and a leak current for 
comparison. The results are shown in FIG. 14. In this figure, 
a plurality of measurement results are shown for each 
Sample because measurement was conducted in multiple 
runs, varying a film thickness deposited. The results indicate 
that Sample No. 3 has a Smaller leak current than any other 
Samples. Similar measurement was conducted for Sample 
Nos. 2 and 4, giving the results that they have a Smaller leak 
current than sample No. 1, 5 or 8. 

TABLE 1. 

NO. 3 NO. 4 NO. 5 NO. 6 NO. 7 NO. 8 

Gas 2 HO NO NO NO O. NO NO NO 
Gas 3 N N N N N N N N 
Gas flow ratio 1/2.5/1 1/100/1 1/100/1 1/100/1 1/100/1 1/20/10 100/1f1 
1/2/3 O OOO OOO OOO OOO OO OOO 
Deposition 200-400 200-400 200-400 200-400 200-400 150 200-400 200-400 
temperature 
( C.) 
Deposition 0.05-10 0.05-10 0.05-10 0.05-10 0.05-10 0.05-10 0.05-10 0.05-10 
pressure 
(torr 
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TABLE 1-continued 

NO. 1 NO. 2 NO. 3 NO. 4 NO. 5 
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NO. 6 NO. 7 NO. 8 

Deposition 0.4-3 0.4-3 0.4-3 0.4-3 10-50 0.4-3 0.4-3 0.4-3 
rate 

Elemental O 1974 1842 1.15 0.71 0.5 O415 0.559 O.38 
composition C 0.02 O-105 O.8 1.19 1.499 1.583 1.34 1.61 

N. O.OO1 O.O53 O.OS O1 O.OO1 O.OO2 O.OO1 O.O1 
C O.OOS O O O O O O O 

0122). As described above, this invention can provide a 
highly reliable Semiconductor device having a high capacity 
comprising a film made of a high dielectric constant material 
containing Zr and/or Hf, in which a leak current is reduced 
in the film. When applying this invention to a capacitor, a 
capacitor having a high capacity with a reduced leak current 
can be provided. Furthermore, when applying this invention 
to a transistor, a transistor in which a film thickness calcu 
lated as a Silicon oxide film is Smaller and which comprises 
a reliable gate insulating film can be provided. 

What is claimed is: 
1. A Semiconductor device comprising a Semiconductor 

Substrate and a metal-compound film thereon, wherein the 
metal-compound film has a composition represented by the 
formula: 

MOCN, 
wherein X, y and Z meet the conditions: 0<X, 0.1 sys 1.25, 
0.01sz and x-y--Z=2; and M comprises at least Hfor 
Zr. 

2. The Semiconductor device as claimed in claim 1, 
wherein the formula further meets the conditions: 
0.7 sixs 1.85 and 0.05s Zs O2. 

3. The Semiconductor device as claimed in claim 1, 
wherein the metal-compound film is formed by chemical 
Vapor deposition. 

4. The Semiconductor device as claimed in claim 1, 
wherein the metal-compound film is formed by atomic layer 
deposition. 

5. A Semiconductor device comprising a Semiconductor 
Substrate, a pair of electrodes thereon and a capacitor 
comprising a dielectric film between the electrodes, wherein 
the dielectric film comprises a metal-compound film having 
a composition represented by the formula: 

MOC 

wherein X, y and Z meet the conditions: 0<X, 0.1 sys 1.25, 
0.01sz and x-y--Z=2; and M comprises at least Hfor 
Zr. 

6. The Semiconductor device as claimed in claim 5, 
wherein Said pair of electrodes comprise one or more of 
metal-compound Selected from the group consisting of TiN, 
Ti, TaN, Ta, W, WN, Pt, Ir and Ru. 

7. The semiconductor device as claimed in claim 5, 
wherein said pair of electrodes comprise TiN. 

8. The semiconductor device as claimed in claim 5, 
wherein the thickness of said pair of electrodes is 5 to 40 nm. 

9. The semiconductor device as claimed in claim 5, 
further comprising a gate electrode formed on the Semicon 
ductor Substrate; a transistor comprising: 

a Source and a drain regions formed in the Semiconductor 
Substrate whose Surfaces are Silicided; and 

a connecting plug for connecting the Source and the drain 
regions in the transistor with the capacitor. 

10. A Semiconductor device comprising a Semiconductor 
Substrate; a gate insulating film formed on the main Surface 
of the Semiconductor Substrate; a gate electrode on the gate 
insulating film; and a Source and a drain regions formed on 
the Semiconductor Substrate which together Sandwich the 
gate electrode, 

wherein the gate insulating film comprises a metal-com 
pound film having a composition represented by the 
formula: 

MOCN, 
wherein x, y and Z meet the conditions: 0<X, 0.1 sys 1.25, 

0.01sz and x-y--Z=2; and M comprises at least Hfor 
Zr. 

11. A process for manufacturing a Semiconductor device, 
comprising the Step of forming a metal-compound film 
having a composition represented by the formula: 

MOCN, 
wherein X, y and Z meet the conditions: 0<X, 0.1 sys 1.25, 

0.01sz and x-y--Z=2; and M comprises at least Hfor 
Zr, on a Semiconductor Substrate by atomic layer depo 
Sition. 

12. The proceSS for manufacturing a Semiconductor 
device as claimed in claim 11, wherein the formula meets the 
conditions: 0.7s Xs 1.85 and 0.05s Zs O.2. 

13. The proceSS for manufacturing a Semiconductor 
device as claimed in claim 11, wherein when forming the 
metal-compound film by atomic layer deposition, M(NRR"). 
wherein M comprises at least Hf or Zr; and R and R' 
independently represent hydrocarbon, is used as a compo 
nent of a deposition gas. 

14. The proceSS for manufacturing a Semiconductor 
device as claimed in claim 11, wherein when forming the 
metal-compound film by atomic layer deposition, one or 
more of gases Selected from the group consisting of NO, 
NO, NO2, H2O, O. and O. are used as an oxidizer gas. 

15. The proceSS for manufacturing a Semiconductor 
device as claimed in claim 11, comprising the Step of 
annealing the metal-compound film under nitrogen or a 
nitrogen-containing atmosphere after forming the metal 
compound film, to introduce nitrogen into the metal-com 
pound film. 

16. The proceSS for manufacturing a Semiconductor 
device as claimed in claim 15, wherein the Step of intro 
ducing nitrogen into the metal-compound film is conducted 
using a remote plasma. 
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17. A process for manufacturing a Semiconductor device 
comprising forming a first electrode, a dielectric film and a 
Second electrode on a Semiconductor Substrate, 

wherein the Step of forming the dielectric film comprises 
forming a metal-compound film having a composition 
represented by the formula: 
MOCN x-y 'z 

wherein X, y and Z meet the conditions: 0<X, 0.1 sys 1.25, 
0.01sz and x-y--Z=2; and M comprises at least Hfor 
Zr, on a Semiconductor Substrate by atomic layer depo 
Sition. 

18. The proceSS for manufacturing a Semiconductor 
device as claimed in claim 17, further comprising the Steps 
of: 

forming a gate electrode on the Semiconductor Substrate; 
introducing a dopant into the main Surface of the Semi 

conductor Substrate to form a Source and a drain 
regions Such that the gate electrode is Sandwiched 
between the regions, 

Siliciding the Surfaces of the Source and the drain regions, 
and 

forming an interlayer insulating film over the gate elec 
trode, the Source region and the drain region, then 
Selectively removing the interlayer insulating film to 
form a contact hole reaching the Source and the drain 
regions, and then filling the contact hole with a metal 
film to form a connecting plug, 

wherein the first electrode is formed Such that the con 
necting plug is connected with the first electrode, 
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the dielectric film is formed at 200° C. to 400° C. both 
inclusive and the first and the Second electrodes are 
formed at 500 C. or lower. 

19. The proceSS for manufacturing a Semiconductor 
device as claimed in claim 17, wherein the Step of forming 
the first electrode comprises forming the first electrode by 
ALD, CVD or sputtering at 500 C. or lower, and the step 
of forming the Second electrode comprises forming the 
second electrode by ALD, CVD or sputtering at 500 C. or 
lower. 

20. A process for manufacturing a Semiconductor device 
comprising the Steps of: 

forming a gate insulating film on a Semiconductor Sub 
Strate, 

forming a gate electrode film on the gate insulating film; 
Shaping the gate insulating film and the gate electrode film 

into a given shape to form a gate electrode, and 
introducing a dopant into the main Surface of the Semi 

conductor Substrate to form a Source and a drain 
regions Such that the gate electrode is Sandwiched 
between the regions, 

wherein the Step of forming the gate insulating film 
comprises forming a metal-compound film having a 
composition represented by the formula: 
MOCN, 

wherein X, y and Z meet the conditions: 0<X, 0.1 sys1. 
25, 0.01sz and x+y+z=2; and M comprises at least Hf 
or Zr, on a Semiconductor Substrate by atomic layer 
deposition. 


