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(57) ABSTRACT 

A Substrate processing method for removing a copper oxide 
film on a surface of Cu and a Cu-containing residue adhered 
to an interlayer insulating film in a Cu wiring structure on a 
Substrate by using an organic acid-containing gas is provided. 
The Substrate processing method includes removing the Cu 
containing residue by etching by Supplying the Substrate with 
a processing gas containing an organic acid gas, after the 
temperature of the substrate is set to be maintained at a first 
temperature; and removing the copper oxide film on the Sur 
face of Cuby means of a reduction reaction by Supplying the 
Substrate with the processing gas containing the organic acid 
gas, after the temperature of the Substrate is set to be main 
tained at a second temperature that is higher than the first 
temperature. 
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FIG.2 
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FIG. 3 
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FIG. 6 
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FIG. 70 
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SUBSTRATE PROCESSING METHOD AND 
SUBSTRATE PROCESSINGAPPARATUS 

0001. This application is a Continuation Application of 
PCT International Application No. PCT/JP2010/051597 filed 
on Feb. 4, 2010, which designated the United States. 

FIELD OF THE INVENTION 

0002 The present invention relates to a substrate process 
ing method and a Substrate processing apparatus for remov 
ing an oxide on a surface of a Cu film and a Cu-containing 
residue adhered to an interlayer insulating film during forma 
tion of Cu wiring. 

BACKGROUND OF THE INVENTION 

0003 Recently, along with demands for high speed and 
high integration of semiconductor devices and miniaturiza 
tion of wiring patterns, it is required to reduce an inter-wiring 
capacitance and improve conductivity and electromigration 
resistance of wiring. As a technique therefor, a Cumultilayer 
interconnection technique attracts attention. In this tech 
nique, Cu having a higher conductivity and better electromi 
gration resistance than those of Al or W is used as a wiring 
material, and an insulating film (low-k film) having a lower 
dielectric constant than that of SiO is used as an interlayer 
insulating film. 
0004 Cu is easily oxidized, and copper oxide film having 
high resistance is easily formed on a surface of Cu, which 
makes it difficult to become a contact. Therefore, an oxide 
film formed on the surface of Cu has to be removed. 

0005. In case of forming a Cu wiring structure by using a 
damascene method, when an interlayer insulating film is 
etched, a part of Cuwiring as an underlayer which is exposed 
through a hole or a via for the wiring is etched, and thus a 
Cu-containing material is adhered as a residue on the sidewall 
of the via or the wiring groove. If a next process is performed 
in a state where the residue is adhered, Cuis diffused into the 
interlayer insulating film, and this leads to a decrease in a 
production yield of semiconductor devices. For that reason, 
the Cu-containing residue needs to be removed. 
0006. As for a method for removing an oxide film on a 
Surface of Cu, dry cleaning using a plasma has been used. 
However, when a plasma is used, Cu as an underlayer may be 
damaged. Hence, as foramethod for dry-cleaning a Surface of 
a Substrate without using a plasma, organic acid dry cleaning 
has been studied (see, e.g., Japanese Patent Application Pub 
lication No. 2003-218198). 
0007 Moreover, as for a method for removing a Cu-con 
taining residue adhered to an interlayer insulating film, wet 
cleaning has been used. However, when a low-k film is used 
as an interlayer insulating film, moisture is absorbed into the 
low-k film by wet cleaning, which increases a dielectric con 
stant. Accordingly, a method for removing a Cu-containing 
residue by organic acid dry cleaning has been studied (see, 
e.g., Enhancing Yield and Reliability by Applying Dry 
Organic Acid Vapor Cleaning to Copper Contact Via-Bottom 
for 32-nm Nodes and Beyond (International Interconnect 
Technology Conference, 2008. p93-p95)). 

Jan. 12, 2012 

0008. However, a technique for simultaneously and effec 
tively etching a copper oxide film on a Surface of Cu and a 
Cu-containing residue has not yet been developed. 

SUMMARY OF THE INVENTION 

0009. In view of the above, the present invention provides 
a Substrate processing method and a substrate processing 
apparatus capable of effectively removing a copper oxide film 
on a Surface of Cuanda Cu-containing residue adhered to an 
interlayer insulating film. 
0010. The present invention also provides a storage 
medium storing a program for performing the Substrate pro 
cessing method. 
0011. The present inventors have repeated examinations 
in order to achieve the above goals. As a result, the present 
inventors have found that when copper oxide is subjected to 
dry cleaning using an organic acid-containing gas, etching 
easily occurs at a low temperature and reduction easily occurs 
at a high temperature. As a result of further examination based 
on the above information, the present inventors have reached 
to the following conclusion. That is, a Cu-containing residue 
adhered to an interlayer insulating film in a Cu wiring struc 
ture includes mainly copper oxide and needs to be removed 
by etching, so that dry cleaning using an organic acid-con 
taining gas is performed at a low temperature at which etching 
easily occurs. Meanwhile, when a copper oxide film on a 
Surface of Cu is removed by dry cleaning using an organic 
acid-containing gas, it can be removed by etching or reduc 
tion. The reaction conducted at a low temperature has a low 
reaction speed and requires a longer period of time, whereas 
the reaction conducted at a high temperature has a high reac 
tion speed. Thus, the copper oxide film on the surface of Cu 
can be reliably removed within a short period of time by 
performing reaction that is mainly a reduction process at a 
high temperature at which a high reaction speed is achieved. 
0012. The present invention has been conceived from the 
above conclusion. 
0013. In accordance with first aspect of the present inven 
tion, there is provided a substrate processing method for 
removing a copper oxide film on a Surface of Cu and a Cu 
containing residue adhered to an interlayer insulating film in 
a Cu wiring structure on a Substrate by using an organic 
acid-containing gas, the Substrate processing method includ 
ing: removing the Cu-containing residue by etching by Sup 
plying the Substrate with a processing gas containing an 
organic acid gas, after the temperature of the Substrate is setto 
be maintained at a first temperature; and removing the copper 
oxide film on the surface of Cu by means of a reduction 
reaction by Supplying the Substrate with the processing gas 
containing the organic acid gas, after the temperature of the 
Substrate is set to be maintained at a second temperature that 
is higher than the first temperature. 
0014. The interlayer insulating film may be a low-k film. 
The organic acid may be a carboxylic acid. Preferably, the 
carboxylic acid may be a formic acid. Further, the first tem 
perature may be within a range from about 100° C. to about 
200° C., and the second temperature may be within a range 
from about 200° C. to about 300° C. 
0015. In accordance with second aspect of the present 
invention, there is provided a substrate processing apparatus 
for removing a copper oxide film on a Surface of Cu and a 
Cu-containing residue adhered to an interlayer insulating film 
in a Cu wiring structure on a Substrate by using an organic 
acid-containing gas, the Substrate processing apparatus 
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including: a chamber for accommodating a Substrate; a 
mounting table for mounting thereon the Substrate in the 
chamber; a heating mechanism for heating the Substrate on 
the mounting table; a processing gas Supply mechanism for 
Supplying a processing gas containing an organic acid gas 
into the chamber, a gas exhaust mechanism for exhausting an 
interior of the chamber; and a control mechanism for remov 
ing a Cu-containing residue by etching by Supplying the 
Substrate with the processing gas containing an organic acid 
gas after the temperature of the Substrate mounted on the 
mounting table is set to be maintained at a first temperature by 
the heating mechanism, and then removing a copper oxide 
film on a surface of Cuby means of a reduction reaction by 
Supplying the Substrate with the processing gas containing an 
organic acid gas after the temperature of the Substrate is set to 
be maintained at a second temperature higher than the first 
temperature by the heating mechanism. 
0016. In accordance with third aspect of the present inven 

tion, there is provided a Substrate processing apparatus for 
removing a copper oxide film on a surface of 
0017 Cuanda Cu-containing residue adhered to an inter 
layer insulating film in a Cuwiring structure on a Substrate by 
using an organic acid-containing gas, the Substrate processing 
apparatus including: a chamber for accommodating a Sub 
strate; a mounting table for mounting thereon the Substrate in 
the chamber, a heating mechanism for heating the Substrate 
on the mounting table; an energy medium gas Supply mecha 
nism for Supplying a heated energy medium gas to the Sub 
Strate on the mounting table; a processing gas Supply mecha 
nism for Supplying a processing gas containing an organic 
acid gas into the chamber, a gas exhaust mechanism for 
exhausting an interior of the chamber, a control mechanism 
for removing a Cu-containing residue by etching by Supply 
ing the Substrate with the processing gas containing an 
organic acid gas after the temperature of the Substrate 
mounted on the mounting table is setto be maintained at a first 
temperature by the heating mechanism, and then removing a 
copper oxide film on a Surface of Cuby means of a reduction 
reaction by Supplying the Substrate with the processing gas 
containing an organic acid gas after the temperature of the 
Substrate is set to be maintained at a second temperature 
higher than the first temperature by Supplying the heated 
energy medium gas to the Substrate on the mounting table. 
0018. In accordance with fourth aspect of the present 
invention, there is provided a Substrate processing apparatus 
for removing a copper oxide film on a Surface of Cu and a 
Cu-containing residue adhered to an interlayer insulating film 
in a Cu wiring structure on a Substrate by using a processing 
gas containing an organic acid, the Substrate processing appa 
ratus including: a first processing unit, having a mounting 
table maintained at a temperature for heating the Substrate 
mounted thereon to be maintained at a first temperature, for 
Supplying the processing gas onto the Substrate on the mount 
ing table; a second processing unit, having a mounting table 
maintained at a temperature for heating the Substrate mounted 
thereon to be maintained at a second temperature, for Supply 
ing the processing gas onto the Substrate on the mounting 
table; a transfer mechanism for transferring the Substrate 
between the first processing unit and the second processing 
unit; and a control mechanism for removing a Cu-containing 
residue by etching by Supplying the Substrate with the pro 
cessing gas containing an organic acid gas after the tempera 
ture of the substrate mounted on the mounting table of the first 
processing unit is set to be maintained at the first temperature, 
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and then removing a copper oxide film on a surface of Cuby 
means of a reduction reaction by Supplying a processing gas 
containing an organic acid gas to the Substrate by Supplying 
the Substrate with a processing gas containing an organic acid 
gas after the temperature of the substrate transferred on the 
mounting table of the second processing unit by the transfer 
mechanism is set to be maintained at the second temperature. 
0019. In accordance with fifth aspect of the present inven 
tion, there is provided a A Substrate processing apparatus for 
removing a copper oxide film on a Surface of Cu and a Cu 
containing residue adhered to an interlayer insulating film in 
a Cu wiring structure on a Substrate by using an organic 
acid-containing gas, the Substrate processing apparatus 
including: a processing chamber for processing a Substrate; a 
Substrate Supporting unit for Supporting a plurality of Sub 
strates in the processing chamber, a heating mechanism for 
heating the Substrates in the processing chamber; a process 
ing gas Supply mechanism for Supplying a processing gas 
containing an organic acid gas into the processing chamber, a 
control mechanism for removing a Cu-containing residue by 
etching by Supplying the Substrates with the processing gas 
containing an organic acid gas after the temperature of the 
Substrates held by the Substrate Supporting unit in the pro 
cessing chamber is set to be maintained at a first temperature 
by the heating mechanism, and then removing a copper oxide 
film on a surface of Cuby means of a reduction reaction by 
Supplying the Substrates with the processing gas containing 
an organic acid gas after the temperature of the Substrates is 
set to be maintained at a second temperature higher than the 
first temperature by the heating mechanism. 
0020. In accordance with sixth aspect of the present inven 
tion, there is provided a non-transitory computer-readable 
storage medium storing a program for controlling a substrate 
processing apparatus, wherein the program, when executed 
by a computer, controls the Substrate processing apparatus to 
perform the substrate processing method described in the first 
aspect of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021 FIG. 1 is a cross sectional view schematically show 
ing an example of a configuration of a Substrate processing 
apparatus for performing a Substrate processing method in 
accordance with a first embodiment of the present invention. 
0022 FIG. 2 is a cross sectional view showing an example 
of a Cu wiring structure to which the present invention is 
applied. 
0023 FIG. 3 is a flowchart showing the method in accor 
dance with the first embodiment of the present invention. 
0024 FIG. 4 shows relationship between processing tem 
perature and a decreasing amount of Cu atoms in case of 
processing CuO by a formic acid. 
0025 FIG. 5 is a cross sectional view schematically show 
ing an example of a configuration of a Substrate processing 
apparatus for performing a Substrate processing method in 
accordance with a second embodiment of the present inven 
tion. 
0026 FIG. 6 is a flowchart showing the film forming 
method in accordance with the second embodiment of the 
present invention. 
0027 FIG. 7 is a cross sectional view schematically show 
ing an example of a configuration of a Substrate processing 
apparatus for performing a Substrate processing method in 
accordance with a third embodiment of the present invention. 
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0028 FIG. 8 is a flowchart showing the film forming 
method in accordance with the third embodiment of the 
present invention. 
0029 FIG.9 is a cross sectional view schematically show 
ing an example of a configuration of a Substrate processing 
apparatus for performing a Substrate processing method in 
accordance with a fourth embodiment of the present inven 
tion. 
0030 FIG. 10 is a flowchart showing the film forming 
method in accordance with the fourth embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

0031 Hereinafter, the embodiments of the present inven 
tion will be described with reference to the accompanying 
drawings which form a part hereof. 

First Embodiment 

0032 (Configuration of a Substrate Processing Apparatus 
for Performing a Substrate Processing Method in Accordance 
with the First Embodiment of the Present Invention) 
0033 FIG. 1 is a cross sectional view schematically show 
ing an example of a configuration of a Substrate processing 
apparatus for performing a Substrate processing method in 
accordance with the first embodiment of the present inven 
tion. Here, the case in which a semiconductor wafer (herein 
after, simply referred to as a “wafer') is used as a substrate 
will be described (This is the same in the following embodi 
ments). 
0034. This processing apparatus 100 includes a substan 

tially cylindrical airtight chamber 1. Provided on a bottom 
wall of the chamber 1 is a mounting table 3 for horizontally 
Supporting a wafer W as a semiconductor Substrate in the 
chamber 1. 
0035. A heater 4 is buried in the mounting table 3, and a 
heater power supply 5 is connected to the heater 4. Mean 
while, a thermocouple 6 is provided near the top surface of the 
mounting table 3, and a signal of the thermocouple 6 is 
outputted to a heater controller 7. The heater controller 7 is 
configured to transmit an instruction to the heater power 
Supply 6 in accordance with the signal of the thermocouple 6 
and control a wafer W to be maintained at a predetermined 
temperature by controlling heating of the heater 4. Further, 
the mounting table 3 is provided with, e.g., three wafer Sup 
port pins (not shown) for Supporting and vertically moving 
the wafer W. The three wafer support pins can protrude and 
retract with respect to the surface of the mounting table 3. 
0036) A shower head 10 is provided at a ceiling wall la of 
the chamber 1. A gas inlet port 12 for introducing a gas into 
the shower head 10 is provided on a top surface of the shower 
head 10, and a line 21 for Supplying a cleaning gas and a purge 
gas is connected to the gas inlet port 12. 
0037. A diffusion space 14 is formed in the shower head 
10, and a plurality of injection openings 11 for injecting a 
processing gas or a purge gas toward the mounting table 3 is 
formed on a bottom side of the shower head 10. The gas 
introduced into the shower head 10 through the gas inlet port 
12 is diffused in the diffusion space 14, and then is injected 
through the injection openings 11 in a direction perpendicular 
to the wafer W mounted on the mounting table 3 in the 
chamber 1. 
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0038 A processing gas Supply source 22 for Supplying a 
processing gas is connected to the other end of the line 21 
connected to the gas inlet port 12. A mass flow controller and 
valves 24 disposed on both sides thereof are installed in the 
line 21. A nonreactive gas line 25 is connected to the line 21, 
and a nonreactive gas Supply source 26 is connected to the 
other end of the nonreactive gas line 25. A mass flow control 
ler 27 and valves 28 disposed on both sides thereof are 
installed in the nonreactive gas line 25. 
0039. As for a processing gas supplied from the process 
ing gas Supply source 22, one containing an organic acid gas 
is used. As for an organic acid forming the processing gas, it 
is preferable to use a carboxylic acid. The carboxylic acid 
may be a formic acid (HCOOH), an acetic acid (CHCOOH), 
a propionic acid (CHCHCOOH), abutyric acid (CH (CH) 
COOH), a valeric acid (CH(CH2)COOH) or the like. 
Among them, it is preferable to use a formic acid (HCOOH). 
In addition, a nonreactive gas Supplied from the nonreactive 
gas Supply source 26 is used as a purge gas, a dilution gas, a 
carrier gas or the like. For example, Argas. He gas, Nagas or 
the like can be used therefor. 

0040. A gas exhaust port 31 is formed on a bottom wall 1b 
of the chamber 1, and a gas exhaust line 32 is connected to the 
gas exhaust port 31. Further, a gas exhaust unit 33 including 
a high-speed vacuum pump is provided in the gas exhaust line 
32. A conductance variable valve 34 is provided in the gas 
exhaust line 32 to control a gas exhaust amount from the 
chamber 1. The gas in the chamber 1 is exhausted by driving 
the gas exhaust unit 33, and the chamber 1 can be depressur 
ized to a predetermined vacuum level via the gas exhaust line 
32. 

0041. Installed on a sidewall of the chamber 1 are a load 
ing/unloading port 15 for loading and unloading a wafer 
0042 W with respect to a transfer chamber (not shown) 
close to the Substrate processing apparatus 100 and a gate 
valve 16 for opening and closing the loading/unloading port 
15. 

0043. The substrate processing apparatus 100 includes a 
control unit 40, and the control unit 40 has a process control 
ler 41, a user interface 42, and a storage unit 43. The process 
controller 41 is connected to components of the substrate 
processing apparatus 100, e.g., the valve, the mass flow con 
troller, the heater controller 7, the gas exhaust unit 33 and the 
like. These components are controlled by the process control 
ler 41 

0044) The user interface 42 is connected to the process 
controller 41, and includes a keyboard through which an 
operator inputs a command to manage the processing appa 
ratus, a display for visually displaying the operational states 
of the plasma processing apparatus, and the like. 
0045. The storage unit 43 is connected to the process con 
troller 41, and stores therein control programs to be used in 
realizing various processes performed by the Substrate pro 
cessing apparatus 100 under the control of the process con 
troller 41, or programs, i.e., recipes, to be used in operating 
the respective components of the Substrate processing appa 
ratus 100 to carry out processes under processing conditions. 
The processing recipes are stored in a storage medium pro 
vided inside the storage unit 43. The storage medium may be 
a fixed medium such as a hard disk or the like, or a portable 
device such as a CD-ROM, a DVD, a flash memory or the like. 
Alternatively, the recipes may be suitably transmitted from 
other devices via, e.g., a dedicated transmission line. 
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0046. If necessary, a predetermined processing recipe is 
read out from the storage unit 43 under the instruction from 
the user interface 42 and is executed by the process controller 
41. Accordingly, a cleaning process is performed in the Sub 
strate processing apparatus 100 under the control of the pro 
cess controller 41. 

(Substrate Processing Method of the First Embodiment) 
0047. The following is description of the substrate pro 
cessing method of the present invention which removes a 
copper oxide film on a surface of Cu and a Cu-containing 
residue in a Cu wiring structure on a wafer W by using the 
Substrate processing apparatus 100. 
0048. Here, as shown in FIG. 2, for example, a wafer W 
has a structure in which a low-k film 202 as an upper inter 
layer insulating film is formed on a low-k film 201 as a lower 
interlayer insulating film via a cap film 206 and a Cu wiring 
layer 203 is formed on the low-k film 201. A trench 204 and 
a hole 205 are formed by plasma-etching a portion of the 
low-k film 202 which corresponds to the Cuwiring layer 203. 
After ashing of a resist, a Cu-containing residue 209 adhered 
to the sidewalls of the trench 204 and the hole 205 and a 
copper oxide film 210 formed on the surface of the Cu wiring 
layer 203 are removed by dry cleaning using a processing gas 
containing an organic acid gas. 
0049. As can be seen from the flowchart of FIG. 3, first of 

all, the gate valve 16 is opened, and the wafer Whaving the Cu 
wiring structure is loaded into the chamber 1 through the 
loading/unloading port 15 and then is mounted on the mount 
ing table 3 (step 1). Next, the gate valve 16 is closed, and the 
temperature of the wafer W is controlled to be maintained at 
a relatively low first temperature at which etching of copper 
oxide as a main component of the Cu-containing residue 209 
mainly occurs by controlling the heater 4 by the heater con 
troller 7 based on the temperature detection signal outputted 
by the thermocouple 6 (step 2). 
0050. Then, the chamber 1 is exhausted by the vacuum 
pump of the gas exhaust unit 33. At the same time, the valves 
28 are opened to introduce, e.g., Argas, from the nonreactive 
gas Supply source 26 into the chamber 1, and the temperature 
of the wafer W is stabilized to be maintained at the first 
temperature (step 3). 
0051. Next, the valves 24 are opened, and a processing gas 
containing an organic acid gas is Supplied from the processing 
gas Supply source 22 into the chamber 1 via the shower head 
10 at a flow rate controlled by the mass flow controller 23, 
thereby removing mainly the Cu-containing residue 209 by 
etching (step 4). This step is performed until the Cu-contain 
ing residue 209 is almost completely removed by etching. At 
this time, however, a part of a copper oxide film 210 is also 
removed by etching. 
0052. As described above, as for the organic acid forming 
the processing gas, it is preferable to use a carboxylic acid 
such as a formic acid (HCOOH), an acetic acid (CHCOOH), 
a propionic acid (CHCHCOOH), abutyric acid (CH (CH) 
COOH), a valeric acid (CH(CH2)COOH) or the like. 
Among them, it is preferable to use a formic acid (HCOOH). 
If an organic acid is a carboxylic acid, e.g., a formic acid 
(HCOOH), the first temperature is preferably set to be within 
a range from about 100° C. to about 200° C. The etching 
reaction that occurs when the formic acid is used as an organic 
acid can be expressed as in the following Eq. (1). 
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0053. Here, Cu(HCOO) is volatile, so that the Cu-contain 
ing residue 209 is removed by etching. 
0054 The processing gas may be supplied immediately 
after the wafer W is mounted on the mounting table 3 without 
performing the stabilization process of step 3. In step 4, the 
flowing nonreactive gas may be stopped to flow. 
0055. After the Cu-containing residue 209 is almost com 
pletely removed by the process of step 4, the supply of the 
processing gas is stopped and the nonreactive gas is Supplied. 
At the same time, the heater 4 is controlled by the heater 
controller 7 based on the temperature detection signal 
obtained by the thermocouple 6, and the temperature of the 
wafer W is controlled to be raised to a second temperature 
higher than the first temperature at which reduction of copper 
oxide occurs mainly (step 5). 
0056. After the temperature becomes stable, the process 
ing gas containing an organic acid gas is Supplied again from 
the processing gas Supply source 22 into the chamber 1 via the 
shower head 10 at a flow rate controlled by the mass flow 
controller 23, and the copper oxide film 210 on the surface of 
the Cu wiring layer 203 is removed by reaction which is 
mainly a reduction process (step 6). If an organic acid is a 
carboxylic acid, e.g., a formic acid (HCOOH), the second 
temperature is preferably in a range from about 200° C. to 
about 300° C. The reduction reaction that occurs when a 
formic acid is used as an organic acid can be expressed as in 
the following Eq. (2). 

0057 The processing gas may be supplied before the tem 
perature becomes stable, or may be supplied when the tem 
perature is changed after the completion of step 4. By Sup 
plying the processing gas at a temperature lower than the 
second temperature, the ratio of removing the copper oxide 
film by etching is increased. 
0058. The process of removing the copper oxide film 210 
by reaction which is mainly a reduction process is continued 
until the copper oxide film 210 is completely removed. After 
the copper oxide film 210 is removed, the supply of the 
processing gas is stopped, and the nonreactive gas is Supplied 
as a purge gas from the nonreactive gas Supply source 26 into 
the chamber 1 via the showerhead 10 at a flow rate controlled 
by the mass flow controller 27, thereby purging the chamber 
1 (step 7). Next, the gate valve 16 is opened, and the wafer W 
is unloaded from the loading/unloading port 15 (step 8). 
0059. In the above-described steps, the Cu-containing 
residue 209 and the copper oxide film 210 are removed at 
different temperatures for the following reasons. 
0060 FIG. 4 shows a relationship between a temperature 
of a sample prepared by forming a CuO film having a thick 
ness of about 300 nm on a Si substrate and a decreasing 
amount of Cu atoms, which is obtained by measuring an 
intensity of a Cu—Ka radiation by using fluorescent X-ray, 
wherein the measurement was performed in the case of 
increasing the temperature of the sample while Supplying a 
formic acid (HCOOH) gas to the sample. As can be seen from 
FIG. 4, the decreasing amount of Cu atoms increases at a low 
temperature and becomes maximum at about 200° C. How 
ever, the decreasing amount of Cu atoms decreases when the 
temperature becomes higher than about 200°C. As illustrated 
in FIG. 4, the etching of Cu2O mainly occurs at a temperature 
lower than about 200°C., and the reduction of Cu2O mainly 
occurs at a temperature higher than about 200° C. 
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0061 From the above, it is clear that the Cu-containing 
residue 209 which needs to be removed by etching can be 
removed within a relatively short period of time by perform 
ing dry etching using an organic acid-containing gas at a 
relatively low first temperature within a range, e.g., from 
about 100° C. to about 200° C., at which the etching mainly 
occurs. Meanwhile, when the copper oxide film 210 is 
removed by dry cleaning using an organic acid-containing 
gas, it can be removed by etching or reduction. Generally, the 
reaction speed decreases at a low temperature and increases at 
a high temperature. Therefore, it is possible to reliably 
remove the copper oxide film 210 within a short period of 
time by performing the reaction which is mainly a reduction 
process at a second temperature within a range, e.g., from 
about 200° C. to about 300° C., at which a high reaction speed 
is obtained. Hence, in the present embodiment, when the 
Cu-containing residue 209 and the copper oxide film 210 are 
removed by dry cleaning using an organic acid-containing 
gas, the Cu-containing residue is removed at the relatively 
low first temperature by etching, and the copper oxide film on 
the surface of Cu is removed by reaction which is mainly a 
reduction process at the second temperature higher than the 
first temperature. Accordingly, they can be reliably removed 
within a short period of time. 
0062. Further, the substrate processing apparatus 100 of 
the present embodiment is assembled to a cluster tool-type 
multi-chamber system having a unit for forming a barrier film 
such as a Ru film, a Ti film or a Ta film to form Cu wiring at 
the trench 204 and the via 205 and a unit for forming a Cu seed 
film. Thus, the removal of the Cu-containing residue 209 and 
the copper oxide film 210, the formation of the barrier film, 
and the formation of the Cu seed film can be performed 
in-situ. Besides, a series of processes from the etching of the 
low-k film to the formation of the Cu seed film can be per 
formed in-situ by installing in this system a unit for etching 
the low-k film or ashing a resist. 

Second Embodiment 

0063 (Configuration of a Film Forming Apparatus for 
Performing a Film Forming Method in Accordance with a 
Second Embodiment of the Present Invention) 
0064 FIG. 5 is a cross sectional view schematically show 
ing an example of a Substrate processing apparatus for per 
forming a Substrate processing method inaccordance with the 
second embodiment of the present invention. 
0065. This processing apparatus 200 includes a substan 

tially cylindrical airtight chamber 51. A circular opening 52 is 
formed at a central portion of a bottom wall 51a of the cham 
ber 51, and a mounting table 53 for horizontally supporting a 
wafer W in the chamber 51 is provided at the opening 52. An 
insulating unit 58 is provided between the mounting table 53 
and the bottom wall 51a, and is airtightly coupled to the 
bottom wall 51a of the chamber 1. 
0066. A heater 54 is buried in the mounting table 53, and 
aheater power supply 55 is connected to the heater 54. Mean 
while, a thermocouple 56 is provided near a top surface of the 
mounting table 53, and a signal of the thermocouple 56 is 
transmitted to the heater controller 57. Further, the heater 
controller 57 is configured to transmit an instruction to the 
heater power supply 55 in accordance with the signal of the 
thermocouple 56, and control the wafer W to be maintained at 
a predetermined temperature by controlling the heating of the 
heater 54. Moreover, the mounting table 53 is provided with, 
e.g., three wafer Support pins (not shown) for Supporting and 
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vertically moving the wafer W. The three wafer support pins 
can protrude and retract with respect to the surface of the 
mounting table 53. 
0067. A showerhead 60 is provided at a ceiling wall 51c of 
the chamber 51. A gas inlet port 62 for introducing a gas into 
the shower head 10 is provided on a top surface of the shower 
head 60, and a line 63 for Supplying an energy medium gas is 
connected to the gas inlet port 62. 
0068 A diffusion space 64 is formed in the shower head 
60, and a plurality of injection openings 61 for injecting an 
energy medium gas toward the mounting table 53 is formed 
on a bottom side of the shower head 60. Further, the gas 
introduced into the shower head 60 through the gas inlet port 
62 is diffused in the diffusion space 64, and then is injected 
through the injection openings 61 in a direction perpendicular 
to the wafer W mounted on the mounting table 53 in the 
chamber 51. 
0069. Heaters 65 as heating units for heating the energy 
medium gas in the shower head 60 are provided around the 
injection openings 61 of the shower head 60. Insulating units 
66 made of a material having a low thermal conductivity, e.g., 
heat-resistance synthetic resin, quartz, ceramic or the like, are 
provided around the heaters 65 to insulate the heaters 65. 
Further, an energy medium gas which passes through the 
heaters 65 is instantly and effectively heated. 
0070 An energy medium gas supply source 73 for Sup 
plying an energy medium gas is connected to the other end of 
the line connected to the gas inlet port 62. A mass flow 
controller 71 and valves 72 disposed on both sides thereofare 
installed in the line 63. As for the energy medium gas, it is 
preferable to use a nonreactive gas such as He, Ar, Kr, Xe, N. 
or the like. In addition, an organic acid gas may be used. 
(0071. A gas inletport 67 is formed on a sidewall 51b of the 
chamber 51, and a line 68 is connected to the gas inlet port 67. 
The line 68 is branched into a line 68a and a line 68b, and a 
processing gas Supply source 76 for performing a cleaning 
process is connected to one end of the line 68a. A mass flow 
controller 74a and valves 75a disposed on both sides thereof 
are installed in the line 68a. A nonreactive gas Supply source 
77 for Supplying a nonreactive gas is connected to the other 
end of the line 68b. A mass flow controller 74b and valves 75b 
disposed on both sides thereofare installed in the line 68b. 
0072 AS for a processing gas Supplied from the process 
ing gas Supply source 76, it is preferable to use one containing 
an organic acid gas, as in the first embodiment. As for an 
organic acid gas, it is preferable to use a carboxylic acid. The 
carboxylic acid may be a formic acid (HCOOH), an acetic 
acid (CHCOOH), a propionic acid (CHCHCOOH), a 
butyric acid (CH(CH2)COOH), a valeric acid (CH (CH) 
COOH) or the like. Among them, it is preferable to use a 
formic acid (HCOOH). 
0073 Meanwhile, a nonreactive gas supplied from the 
nonreactive gas Supply source 77 is used as a carrier gas, a 
dilution gas and a purge gas for purging a processing gas 
remaining in a gas phase, a by-product generated in a gas 
phase by reaction, and an energy medium gas containing a 
large amount of thermal energy. For example, Argas. He gas, 
N gas or the like can be used. 
0074. A gas exhaust port 81 is provided at an opposite side 
of the gas inlet port 67 provided at the sidewall 51b of the 
chamber 51, and a gas exhaust line 82 is connected to the gas 
exhaust port 81. A gas exhaust unit 83 including a high-speed 
vacuum pump is provided in the gas exhaust line 82. A con 
ductance variable valve 84 is provided in the gas exhaust line 
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82, so that a gas exhaust amount from the chamber 51 can be 
controlled. By driving the gas exhaust unit 83, the gas in the 
chamber 51 is exhausted, and the chamber 51 can be depres 
surized via the line 82 to a predetermined vacuum level at a 
high speed. 
0075. A loading/unloading port for loading and unloading 
a wafer W with respect to a transfer chamber (not shown) 
close to the processing apparatus 200 and a gate valve for 
opening and closing the loading/unloading port are installed 
on the sidewall of the chamber 51 where the gas inlet port 67 
and the gas exhaust port 81 are not formed (all not shown). 
0076. The processing apparatus 200 includes a control 
unit 90, and the control unit 90 has a process controller 91, a 
user interface 92, and a storage unit 93. The process controller 
91, the user interface 92, and the storage unit have the same 
configurations as those of the process controller 41, the user 
interface 42 and the storage unit 43 of the first embodiment. 

(Substrate Processing Method of the Second Embodiment) 
0077. The following is description of a substrate process 
ing method of the present embodiment which performs clean 
ing by removing a copper oxide film on a Surface of Cu and a 
Cu-containing residue adhered to an interlayer insulating film 
in a Cu wiring structure on a wafer by using the processing 
apparatus 200. 
0078 Here, as in the first embodiment, the Cu-containing 
residue 209 and the copper oxide film 210 in the structure of 
FIG. 2 are removed by dry cleaning using an organic acid. 
007.9 FIG. 6 is a flowchart showing the substrate process 
ing method of the second embodiment. First of all, a gate 
valve (not shown) is opened, and the wafer Whaving the Cu 
wiring structure of FIG. 2 is loaded into the chamber 51 via a 
loading/unloading port (not shown) and then is mounted on 
the mounting table 53 (step 11). Next, the gate valve is closed, 
and the temperature of the wafer W is controlled to be main 
tained at a relatively low first temperature at which etching of 
copper oxide as a main component of the Cu-containing 
residue 209 mainly occurs by controlling the heater 54 by the 
heater controller 57 based on the temperature detection signal 
obtained by the thermocouple 56 (step 12). 
0080. Then, the chamber 51 is exhausted by the vacuum 
pump of the gas exhaust unit 83, and the valve 75b is opened 
to introduce thereinto, e.g., Argas, from the nonreactive gas 
supply source 77, then the temperature of the wafer W is 
stabilized to be maintained at the first temperature (step 13). 
0081. Thereafter, the valve 75a is opened to supply a pro 
cessing gas containing an organic acid gas from the process 
ing gas Supply source 76 into the chamber 51 via the gas inlet 
port 67 at a flow rate controlled by the mass flow controller 
74a, thereby removing mainly the Cu-containing residue 209 
by etching (step 14). At this time, the processing gas flows in 
a horizontal direction indicated by white arrows in FIG. 5. 
This step is performed until the Cu-containing residue 209 is 
almost completely removed by etching. At this time, however, 
a part of the copper oxide film 210 is also removed by etching. 
As described above, as for the organic acid forming the pro 
cessing gas, it is preferable to use a carboxylic acid. Espe 
cially, it is preferable to use a formic acid (HCOOH). If the 
organic acid is a carboxylic acid, e.g., a formic acid 
(HCOOH), the first temperature is preferably within a range 
from about 100° C. to about 200° C. as in step 4 of the first 
embodiment, and the reduction reaction occurs as expressed 
in the Eq. (1). 
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I0082. The processing gas may be supplied immediately 
after the wafer W is mounted on the mounting table 3 without 
performing the stabilization process of step 13. In step 14, the 
flowing nonreactive gas may be stopped to flow. 
I0083) Next, the supply of the processing gas is stopped by 
closing the valve 75a. Then, the valves 72 are opened to 
introduce an energy medium gas from the energy medium gas 
supply source 73 into the diffusion space 64 of the shower 
head 60 via the line 63 and the gas inlet port 62 at a flow rate 
controlled by the mass flow controller 71. Further, the high 
temperature energy medium gas heated by the heaters 65 is 
injected into the chamber 51 and supplied to the wafer W. The 
temperature of the wafer W is raised by the thermal energy, 
and controlled to be maintained at a second temperature 
higher than the first temperature at which the reduction of 
copper oxide occurs mainly (step 15). In this case, the energy 
medium gas is injected in a direction perpendicular to the 
wafer W as indicated by a black arrow in FIG. 5, so that the 
temperature of the wafer W can be rapidly raised by the 
energy medium gas. Accordingly, the temperature of the 
wafer W can be raised from the first temperature to the second 
temperature within an extremely shorter period of time com 
pared to that in the first embodiment. 
0084. In the case of using a gas other than an organic acid 
gas, e.g., a nonreactive gas, as an energy medium gas, the 
Supply of the energy medium gas is stopped by closing the 
valves 72 when the temperature of the wafer W becomes 
stable at the second temperature. Then, the valves 75a are 
opened to Supply the processing gas containing an organic 
acid gas from the processing gas Supply source 76 into the 
chamber 51 via the gas inlet port 67 at a flow rate controlled 
by the mass flow controller 74a, thereby removing mainly the 
copper oxide film 210 on the surface of the Cu wiring layer 
203 by the reaction which is mainly a reduction process (step 
16). At this time, when the organic acid is a carboxylic acid, 
e.g., a formic acid (HCOOH), the second temperature falls 
within a range preferably from about 200°C. to about 300° 
C., as in step 6 of the first embodiment, and the reduction 
reaction occurs as described in the Eq. (2). 
I0085. When the organic acid gas is supplied as an energy 
medium gas, the copper oxide film 210 is removed by Sup 
plying the organic acid gas to the wafer W maintained at the 
second temperature in step 15. 
I0086. The process of removing the copper oxide film 210 
by reaction which is mainly a reduction process is continued 
until the copper oxide film 210 is completely removed. After 
the copper oxide film 210 is removed, the supply of the 
processing gas is stopped by closing the valves 75a, and the 
valves 75b are opened to Supply a nonreactive gas as a purge 
gas from the nonreactive gas Supply source 77 into the cham 
ber 51 via the gas inlet port 67 at a flow rate controlled by the 
mass flow controller 74b (step 17). Thereafter, the wafer W is 
unloaded from the loading/unloading port by opening a gate 
valve (not shown) (step 18). 
I0087. In the present embodiment as well as in the first 
embodiment, when the Cu-containing residue 209 and the 
copper oxide film 210 are removed by dry cleaning using an 
organic-containing gas, they can be reliably removed within a 
short period of time by removing the Cu-containing residue 
by etching at the relatively low first temperature and remov 
ing the copper oxide film on the Surface of Cuby reaction 
which is mainly a reduction process at the second temperature 
higher than the first temperature. 
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0088. In the first embodiment, the time for raising the 
temperature of the wafer from the first temperature to the 
second temperature is required. Further, when a plurality of 
wafers is consecutively processed, the time for lowering the 
temperature of the mounting table from the second tempera 
ture to the first temperature is required. On the other hand, in 
the present embodiment, the high-temperature energy 
medium gas is injected to the wafer W, so that the temperature 
of the wafer W can be raised from the first temperature to the 
second temperature within an extremely short period of time. 
Hence, the throughput of processing is increased. 
0089. As in the case of the substrate processing apparatus 
100 of the first embodiment, the substrate processing appa 
ratus 200 of the present embodiment is assembled to a cluster 
tool-type multi-chamber system including a unit for forming 
a barrier film such as a Ru film, a Ti film or a Ti film to form 
Cu wiring at the trench 204 and the via 205 and a unit for 
forming a Cu seed film. Therefore, the removal of the Cu 
containing residue 209 and the copper oxide film 210, the 
formation of the barrier film, and the formation of the Cu seed 
film can be performed in-situ. Further, a series of processes 
from the etching of the low-k film to the formation of the Cu 
seed film can be performed in-situ by installing at this system 
a unit for etching the low-k film or ashing a resist. 

Third Embodiment 

0090 (Configuration of a Film Forming Apparatus for 
Performing a Film Forming Method in Accordance with a 
Third Embodiment of the Present Invention) 
0091 FIG. 7 is a cross sectional view schematically show 
ing an example of a Substrate processing apparatus for per 
forming a Substrate processing method inaccordance with the 
third embodiment of the present invention. 
0092. This substrate processing apparatus 300 is config 
ured as a cluster tool-type multi-chamber system including a 
unit for removing a Cu-containing residue, a unit for remov 
ing a copper oxide film, a unit for forming a barrier film, and 
a unit for forming a Cu seed film. 
0093. In other words, the substrate processing apparatus 
300 includes a Cu-containing residue removal unit 101 for 
mainly removing a Cu-containing residue, a copper oxide 
film removal unit 102 for removing a copper oxide film, a 
barrier film formation unit 103 for forming a barrier film on a 
sidewall of avia and/or a trench, and a Cu seed film formation 
unit 104 for forming a Cu seed film on the barrier film. These 
units 101 to 104 are maintained in a vacuum state and con 
nected to a transfer chamber 105 maintained in a vacuum state 
via gate valves G. Moreover, load-lock chambers 106 and 107 
are connected to the transfer chamber 105 via gate valves G. 
A loading/unloading chamber 108 in an atmospheric atmo 
sphere is provided at the side of the load-lock chambers 106 
and 107 which is opposite to the side where the transfer 
chamber 105 is provided, and three carrier attachment ports 
109. 110 and 111 to which the carriers C capable of accom 
modating wafers Ware attached are provided at the side of the 
loading/unloading chamber 108 which is opposite to the side 
where the load-lock chambers 106 and 107 are connected. 
0094 Provided in the transfer chamber 105 is a transfer 
device 112 for loading and unloading a wafer W with respect 
to the Cu-containing residue removal unit 101, the copper 
oxide film removal unit 102, the barrier film formation unit 
103, the Cu seed film formation unit 104, and the load-lock 
chambers 106 and 107. The transfer device 112 is disposed at 
a substantially central portion of the transfer chamber 105, 
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and has at a leading end of a rotatable and extensible/con 
tractible portion 113 two support arms 114a and 114b for 
supporting wafers W. The two support arms 114a and 114b 
are attached to the rotatable and extensible/contractible por 
tion 113 to face the opposite directions. 
0.095 Installed in the loading/unloading chamber 108 is a 
transfer device 116 for loading/unloading wafers W with 
respect to the carriers C and the load-lock chambers 106 and 
107. The transfer device 116 has a multi-joint arm structure 
and can move on a rail 118 in a direction in which the carriers 
Care arranged, to transfera wafer W mounted on the support 
arms 117 provided at the leading end thereof. 
0096. This film forming apparatus 300 includes a control 
unit 120 for controlling each component thereof. The control 
unit 120 controls each component of the units 101 to 104, the 
transfer devices 112 and 116, a gas exhaust system (not 
shown) of the transfer chamber 105, opening and closing of 
the gate valves G and the like. The control unit 120 has the 
same configuration as that of the control unit 40 shown in 
FIG 1. 
0097. The Cu-containing residue removal unit 101 and the 
copper oxide film removal unit 102 have the same configura 
tions as that of the film forming apparatus of the first embodi 
ment. In the Cu-containing residue removal unit 101, the 
temperature of the mounting table is set such that the wafer is 
heated to be maintained at the first temperature within a 
range, e.g., from about 100° C. to about 200°C. In the copper 
oxide film removal unit 102, the temperature of the mounting 
table is set such that the wafer is heated to the second tem 
perature that falls within a range, e.g., from about 200° C. to 
about 300° C. 

(Substrate Processing Method of the Third Embodiment) 
0098. The following is description of the substrate pro 
cessing method of the present embodiment which performs 
cleaning by removing a copper oxide film on a Surface of Cu 
and a Cu-containing residue in a Cu wiring structure on a 
wafer W by using the substrate processing apparatus 300 
configured as described above. 
0099. Here, as in the first embodiment, the Cu-containing 
residue 209 and the copper oxide film 210 in the structure of 
FIG. 2 are removed by dry cleaning using an organic acid. 
0100 FIG. 8 is a flowchart showing the substrate process 
ing method of the third embodiment. First of all, a wafer W is 
loaded from a carrier C into one of the load-lock chambers 
106 and 107 by a transfer device 116 of the loading/unloading 
chamber 108 (step 21). Next, the load-lock chamber is 
exhausted to a vacuum state, and the wafer W is unloaded by 
the transfer device 112 of the transfer chamber 105. Then, the 
wafer W is loaded into the Cu-containing residue removal 
unit 101 and then is mounted on the mounting table (step 22). 
The temperature of the mounting table is controlled such that 
the wafer W mounted on the mounting table is set to be 
maintained at the relatively low first temperature. 
0101. In the Cu-containing residue removal unit 101, the 
temperature of the wafer W is stabilized to be maintained at 
the first temperature by introducing a nonreactive gas into the 
chamber (step 23). Then, the processing gas containing an 
organic acid gas is Supplied into the chamber, and the Cu 
containing residue 209 is mainly removed at the first tempera 
ture by etching (step 24). As described above, as for an 
organic acid forming the processing gas, it is preferable to use 
a carboxylic acid. Especially, a formic acid (HCOOH) is 
preferably used. If an organic acid is a carboxylic acid, e.g., a 
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formic acid (HCCOH), the first temperature falls preferably 
within a range from about 100° C. to about 200° C. as in step 
4 of the first embodiment, and the reduction reaction occurs as 
expressed in the Eq. (1). This step is executed until the Cu 
containing residue 209 is almost completely removed. At this 
time, a part of the copper oxide film 210 is also removed by 
etching. 
0102 Moreover, the processing gas may be supplied 
immediately after the wafer W is mounted on the wafer W 
without performing the stabilization process of step 23. In 
step 24, the flowing nonreactive gas may be stopped to flow. 
0103. After the Cu-containing residue is removed by etch 
ing in step 24, the wafer W is unloaded from the Cu-contain 
ing residue removal unit 101 by the transfer device 112. Then, 
the wafer W is loaded into the copper oxide film removal unit 
102 and then is mounted on the mounting table (step 25). 
0104. The temperature of the mounting table is controlled 
such that the wafer W mounted thereon is setto be maintained 
at the second temperature higher than the first temperature. 
0105. In the copper oxide film removal unit 102, the tem 
perature of the wafer W is stabilized at the second temperature 
by introducing the nonreactive gas into the chamber (step 26). 
Thereafter, the processing gas containing an organic acid gas 
is supplied into the chamber, and the copper oxide film 210 is 
removed at the second temperature mainly by reduction (step 
27). If the organic acid is a carboxylic acid, e.g., a formic acid 
(HCOOH), the second temperature is preferably set to be 
within a range from about 200°C. to about 300° C. as in step 
6 of the first embodiment, and the reduction reaction occurs as 
expressed in the Eq. (2). 
0106 The processing gas may be supplied immediately 
after the wafer W is mounted on the wafer W without per 
forming the stabilization process of step 26. In step 27, the 
flowing nonreactive gas may be stopped to flow. 
0107 The process of removing the copper oxide film 210 
by reaction which is mainly a reduction process is continued 
until the copper oxide film 210 is completely removed. The 
cleaning process of the present embodiment is completed 
when the removal process of the copper oxide film 210 is 
completed. However, in the Substrate processing apparatus 
300, the wafer W is unloaded via one of the load-lock cham 
bers 106 and 107 after the barrier film formation in the barrier 
film formation unit 103 and the Cu seed film formation in the 
Cu seed film formation unit 104 (step 29) are carried out (step 
30). 
0108. In the present embodiment as well as in the first 
embodiment, when the Cu-containing residue 209 and the 
copper oxide film 210 are removed by dry cleaning using an 
organic-acid gas, the Cu-containing residue is removed at the 
relatively low first temperature by etching, and copper oxide 
film is removed at the second temperature higher than the first 
temperature by reaction which is mainly a reduction process. 
As a consequence, they can be reliably removed within a short 
period of time. 
0109 As described above, in the first embodiment, the 
time for raising the temperature of the wafer from the first 
temperature to the second temperature is required. Further, 
when a plurality of wafers is consecutively processed, the 
time for lowering the temperature of the mounting table from 
the second temperature to the first temperature is required. On 
the other hand, in the present embodiment, the Cu-containing 
residue 209 and the copper oxide film 210 are removed by 
using two units having mounting tables respectively preset to 
be maintained at the first and the second temperature. Hence, 
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the temperature changing time is not required, and the 
throughput can be increased by the corresponding amount. 
0110. In the cluster tool-type substrate processing appara 
tus 300 of the present embodiment, a series of processes from 
the etching of the low-k film to the formation of the Cu seed 
film can be performed in-situ by providing a unit for etching 
the Low-k film and ashing a resist. 

Fourth Embodiment 

0111 (Configuration of a Film Forming Apparatus for 
Performing a Film Forming Method in Accordance with a 
Fourth Embodiment of the Present Invention) 
0112 FIG.9 is a cross sectional view schematically show 
ing an example of a Substrate processing apparatus for per 
forming a Substrate processing method inaccordance with the 
fourth embodiment of the present invention. 
0113. This substrate processing apparatus 400 is a batch 
type apparatus for heating a plurality of wafers W simulta 
neously, and includes a Substantially cylindrical processing 
chamber 131 for accommodating and processing a wafer W. 
A process tube 132 made of quartz and having a double pipe 
structure is provided in the processing chamber 131, and a 
cylindrical manifold 136 made of metal is connected to the 
lower end of the process tube 132. Various lines are connected 
to the manifold 136. 
0114. A wafer boat 133 for holding a plurality of wafers W 
in the processing chamber 131 is loaded into the process tube 
132. The wafer boat 133 is supported by a boat elevator 134 
via a thermal insulation container 138, and is loaded and 
unloaded by vertical movement. A cover 137 is adhered to the 
boat elevator 134. When the wafer boat 133 is loaded into the 
process tube 132 by raising the boat elevator 134, the cover 
137 covers the lower opening of the manifold 136 in a sealed 
state. Accordingly, the interior of the process tube 132 
becomes a sealed space. 
0115 Aheater 135 for heating awafer Wis provided in the 
processing chamber 131 So as to Surround the process tube 
132. A heater power supply 141 is connected to the heater 
135. Meanwhile, a thermocouple 142 is provided near the 
wafer W mounted on the wafer boat 133, and a signal of the 
thermocouple 142 is transmitted to the heater controller 143. 
The heater controller 143 transmits an instruction to the 
heater power Supply 141 in accordance with the signal of the 
thermocouple 142 and controls the wafer W to be maintained 
at a predetermined temperature by controlling the heating of 
the heater 135. 
0116. A processing gas line 151 for Supplying a process 
ing gas containing an organic acid gas into the process tube 
132 is connected to the manifold 136. The processing gas line 
151 extends in a horizontal direction toward the inside of the 
manifold 136, and extends upward Such that the processing 
gas can be supplied toward the upper portion of the process 
tube 132. A processing gas Supply source 152 for Supplying a 
processing gas is connected to the other end of the processing 
gas line 151. A mass flow controller 153 and valves 154 
disposed on both sides thereofare installed in the processing 
gas line 151. As for an organic acid forming the processing 
gas, it is preferable to use a carboxylic acid. As for a carboxy 
lic acid, it is preferable to use a formic acid (HCOOH), an 
acetic acid (CHCOOH), a propionic acid (CHCHCOOH), 
abutyric acid (CH (CH2)COOH), a Valeric acid (CH (CH) 
COOH) or the like. Among them, it is preferable to use a 
formic acid (HCOOH). 
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0117. A nonreactive gas line 161 for supplying a nonreac 
tive gas into the process tube 132 is connected to the manifold 
136. The nonreactive gas line 161 extends in a horizontal 
direction toward the inside of the manifold 136, and extends 
upward Such that the nonreactive gas can be supplied toward 
the upper portion of the process tube 132. A nonreactive gas 
Supply source 162 for Supplying a nonreactive gas is con 
nected to the other end of the nonreactive gas line 161. A mass 
flow controller 163 and valves 164 disposed on both sides 
thereof are installed in the processing gas line 161. The non 
reactive gas may be used as a purge gas, a dilution gas, a 
carrier gas or the like. For example, Argas. He gas, Nagas or 
the like can be used therefor. 
0118. A line 171 is connected to the manifold 136, and a 
gas is exhausted between an inner line and an outer line of the 
process tube 132. A gas exhaust unit 172 including a high 
speed vacuum pump is provided in the gas exhaust line 171. 
A conductance variable valve 173 is provided in the gas 
exhaust line 171, so that a gas exhaust amount from the 
process tube 132 can be controlled. By driving the gas exhaust 
unit 172, the gas in the process tube 132 is exhausted, and the 
process tube 132 can be depressurized via the line 171 to a 
predetermined vacuum level at a high speed. 
0119 The substrate processing apparatus 400 includes a 
control unit 180 for controlling each component thereof. The 
control unit 180 has the same configuration as that of the 
control unit 40 of FIG. 1. 

(Substrate Processing Method of the Fourth Embodiment) 
0120. The following is description of the substrate pro 
cessing method of the present embodiment which performs 
cleaning by removing a copper oxide film on a surface of Cu 
and a Cu-containing residue adhered to an interlayer insulat 
ing film in a Cu wiring structure on the wafer W by using the 
processing apparatus 400. 
0121 Here, as in the first embodiment, the Cu-containing 
residue 209 and the copper oxide film 210 in the structure of 
FIG. 2 are removed by dry cleaning using a processing gas 
containing an organic acid. 
0122 FIG. 10 is a flowchart showing the substrate pro 
cessing method of the fourth embodiment. First of all, the 
wafer boat 133 accommodating a plurality of, e.g., 100 wafers 
W, is loaded into the process tube 132 by the boat elevator 134 
(step 31). Next, the temperature of the wafer W is controlled 
to be maintained at a relatively low first temperature at which 
etching of copper oxide as a main component of the Cu 
containing residue 209 mainly occurs by controlling the 
heater 135 by the heater controller 143 based on the tempera 
ture detection signal obtained by the thermocouple 142 (step 
32). 
0123. Next, the process tube 132 is exhausted by the 
vacuum pump of the gas exhaust unit 172. Further, the valves 
164 are opened to introduce, e.g., Argas, from the nonreactive 
gas supply source 162 into the process tube 132 via the 
nonreactive gas line 161, thereby stabilizing the temperature 
of the wafer Wat the first temperature (step 33). 
0.124. Next, the valves 154 are opened to supply a process 
ing gas containing an organic acid from the processing gas 
supply source 152 into the process tube 132 via the processing 
gas line 151 at a flow rate controlled by the mass flow con 
troller 153, thereby mainly etching the Cu-containing residue 
209 (step 34). This step is executed until the Cu-containing 
residue 209 is almost completely removed by etching. At this 
time, however, a part of the copper oxide film 210 is also 
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removed by etching. As described above, as for the organic 
acid forming the processing gas, it is preferable to use a 
carboxylic acid. Especially, a formic acid (HCOOH) is pref 
erably used. If an organic acid is a carboxylic acid, e.g., a 
formic acid (HCOOH), the first temperature is preferably set 
to be within a range from about 100° C. to about 200° C. as in 
step 4 of the first embodiment, and the reduction reaction 
occurs as described in the Eq. (1). 
0.125. In addition, the processing gas may be supplied 
immediately after the wafer W is loaded into the process tube 
132 without performing the stabilization process of step 33. 
In step 34, the flowing nonreactive gas may be stopped to 
flow. 
I0126. After the Cu-containing residue 209 is almost com 
pletely removed by the process of step 34, the supply of the 
processing gas is stopped, and the nonreactive gas is Supplied. 
The heater 135 is controlled by the heater controller 143 
based on the temperature detection signal outputted by the 
thermocouple 142, and the temperature of the wafer W is 
controlled to be maintained at the second temperature higher 
than the first temperature at which etching of copper oxide 
mainly occurs (step 35). 
I0127. After the temperature becomes stable, the process 
ing gas containing an organic acid gas is Supplied from the 
processing gas Supply source 152 into the process tube 132 
via the processing gas line 151 at a flow rate controlled by the 
mass flow controller 153, and the copperoxide film 210 on the 
surface of the Cu wiring layer 203 is removed by reaction 
which is mainly a reduction process (step 36). If an organic 
acid is a carboxylic acid, e.g., a formic acid (HCOOH), the 
second temperature is preferably set to be within a range from 
about 200° C. to about 300° C., and the reduction reaction 
occurs as described in the Eq. (2). 
I0128. The process of removing the copper oxide film 210 
by reaction which is mainly a reduction process is continued 
until the copper oxide film 210 is completely removed. After 
the copper oxide film 210 is removed, the supply of the 
processing gas is stopped by closing the valves 154, and the 
valves 164 are opened to Supply a nonreactive gas as a purge 
gas from the nonreactive gas Supply source 162 into the 
process tube 132 via the nonreactive gas line 161 at a flow rate 
controlled by the mass flow controller 163, thereby purging 
the process tube 132 (step 37). Thereafter, the pressure in the 
process tube 132 is returned to an atmospheric pressure, and 
the wafer boat 133 is unloaded by lowering the boat elevator 
134 (step 38). 
I0129. In the present embodiment as well as in the first 
embodiment, when the Cu-containing residue 209 and the 
copper oxide film 210 are removed by dry cleaning using an 
organic acid-containing gas, the Cu-containing residue is 
removed at the relatively low first temperature by etching and 
the copper oxide film on the surface of Cu is removed at the 
second temperature higher than the first temperature by reac 
tion which is mainly a reduction process. Accordingly, they 
can be reliably removed within a short period of time. 
0.130. As described above, in the first embodiment, the 
time for raising the temperature of the wafer from the first 
temperature to the second temperature is required. Moreover, 
when a plurality of wafers is consecutively processed, the 
time for lowering the temperature of the mounting table from 
the second temperature to the first temperature is required. In 
a single-wafer processing environment of the first embodi 
ment, the throughput of processing is decreased by the effect 
the temperature changing time. However, the present embodi 
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ment employs a batch type in which a plurality of e.g., 100 
wafers, is processed simultaneously. Therefore, even though 
the time for changing the temperature from the first tempera 
ture to the second temperature is required, the temperature 
changing time corresponding to each wafer is not long. 
Hence, the throughput of processing is hardly decreased. 

Another Application of the Present Invention 
0131 The present invention can be variously modified 
without being limited to the above embodiments. For 
example, the above embodiments have described a case in 
which only a carboxylic acid represented by a formic acid 
(HCOOH) is used as an organic acid forming the processing 
gas. However, it is not limited to the case of supplying only an 
organic acid gas, and an organic acid gas mixed with another 
gas such as H or the like may be supplied. Further, an appa 
ratus for performing the Substrate processing method of the 
present invention is not limited to those described in the above 
embodiments, and various apparatuses can be employed. In 
addition, the structure of the substrate to be processed is not 
limited to that shown in FIG. 2, and the substrate to be pro 
cessed is not limited to a semiconductor wafer. 

What is claimed is: 
1. A Substrate processing method for removing a copper 

oxide film on a Surface of Cu and a Cu-containing residue 
adhered to an interlayer insulating film in a Cu wiring struc 
ture on a substrate by using an organic acid-containing gas, 
the substrate processing method comprising: 

removing the Cu-containing residue by etching by Supply 
ing the Substrate with a processing gas containing an 
organic acid gas, after the temperature of the Substrate is 
set to be maintained at a first temperature; and 

removing the copper oxide film on the surface of Cu by 
means of a reduction reaction by Supplying the Substrate 
with the processing gas containing the organic acid gas, 
after the temperature of the substrate is set to be main 
tained at a second temperature that is higher than the first 
temperature. 

2. The substrate processing method of claim 1, wherein the 
interlayer insulating film is a low-k film. 

3. The substrate processing method of claim 1, wherein the 
organic acid is a carboxylic acid. 

4. The substrate processing method of claim 1, wherein the 
carboxylic acid is a formic acid. 

5. The substrate processing method of claim3, wherein the 
first temperature is within a range from about 100° C. to about 
200° C., and the second temperature is within a range from 
about 200° C. to about 300° C. 

6. The substrate processing method of claim 1, wherein 
there is used a Substrate processing apparatus including a 
chamber for accommodating a Substrate, a mounting table for 
mounting thereon the Substrate in the chamber, a heating 
mechanism for heating the Substrate on the mounting table, a 
processing gas Supply mechanism for Supplying the process 
ing gas containing an organic acid gas into the chamber, and 
a gas exhaust mechanism for exhausting the chamber, 

wherein the Cu-containing residue is removed by etching 
after the temperature of the substrate is set to be main 
tained at the first temperature by the heating mechanism 
and, then, the copper oxide film on the surface of Cu is 
removed after the temperature of the substrate is set to be 
maintained at the second temperature by the heating 
mechanism. 
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7. The substrate processing method of claim 1, wherein 
there is used a Substrate processing apparatus including a 
chamber for accommodating therein a Substrate, a mounting 
table for mounting thereon the substrate in the chamber, a 
heating mechanism for heating the Substrate on the mounting 
table, an energy medium gas Supply mechanism for Supplying 
aheated energy medium gas to the Substrate on the mounting 
table, a processing gas Supply mechanism for Supplying the 
processing gas containing an organic acid gas into the cham 
ber, and a gas exhaust mechanism for exhausting the cham 
ber, 

wherein the Cu-containing residue is removed by etching 
after the temperature of the substrate is set to be main 
tained at the first temperature by the heating mechanism 
and, then, the copper oxide film on the surface of Cu is 
removed after the temperature of the substrate is set to be 
maintained at the second temperature by Supplying the 
heated energy medium gas to the Substrate on the mount 
ing table from the energy medium gas Supply mecha 
nism. 

8. The substrate processing method of claim 1, wherein 
there is used a substrate processing apparatus including: a 
first processing unit, having a mounting table for mounting 
thereon a Substrate and maintained at a temperature for heat 
ing the substrate mounted thereon to be maintained at the first 
temperature, for Supplying the processing gas to the Substrate 
on the mounting table; and a second processing unit, having a 
mounting table for mounting thereon the substrate and main 
tained at a temperature for heating the Substrate mounted 
thereon to be maintained at the second temperature, for Sup 
plying the processing gas to the Substrate on the mounting 
table, 

wherein the Cu-containing residue is removed by etching 
after the temperature of the substrate mounted on the 
mounting table of the first processing unit is set to be 
maintained at the first temperature and then, the copper 
oxide film on the surface of Cu is removed after the 
temperature of the Substrate mounted on the mounting 
table of the second processing unit is set to be main 
tained at the second temperature. 

9. The substrate processing method of claim 1, wherein 
there is used a Substrate processing apparatus including a 
processing chamber for processing therein a substrate, a Sub 
strate holding unit for holding a plurality of substrates in the 
processing chamber, a heating mechanism for heating the 
Substrates in the processing chamber, a processing gas Supply 
mechanism for Supplying the processing gas containing an 
organic acid gas into the processing chamber, and a gas 
exhaust mechanism for exhausting the processing chamber, 

wherein the Cu-containing residue is removed by etching 
after the temperature of the substrate supported by the 
Supporting unit in the processing chamber is set to be 
maintained at the first temperature by the heating 
mechanism and, then, the copper oxide film on the Sur 
face of Cu is removed after the temperature of the sub 
strates is set to be maintained at the second temperature 
by the heating mechanism. 

10. A substrate processing apparatus for removing a copper 
oxide film on a Surface of Cu and a Cu-containing residue 
adhered to an interlayer insulating film in a Cu wiring struc 
ture on a substrate by using an organic acid-containing gas, 
the Substrate processing apparatus comprising: 
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a chamber for accommodating a substrate; 
a mounting table for mounting thereon the substrate in the 

chamber; 
a heating mechanism for heating the substrate on the 

mounting table; 
a processing gas supply mechanism for supplying a pro 

cessing gas containing an organic acid gas into the 
chamber; 

a gas exhaust mechanism for exhausting an interior of the 
chamber; and 

a control mechanism for removing a Cu-containing residue 
by etching by supplying the substrate with the process 
ing gas containing an organic acid gas after the tempera 
ture of the substrate mounted on the mounting table is set 
to be maintained at a first temperature by the heating 
mechanism, and then removing a copper oxide film on a 
Surface of Cuby means of a reduction reaction by sup 
plying the substrate with the processing gas containing 
an organic acid gas after the temperature of the substrate 
is set to be maintained at a second temperature higher 
than the first temperature by the heating mechanism. 

11. A substrate processing apparatus for removing a copper 
oxide film on a surface of Cu and a Cu-containing residue 
adhered to an interlayer insulating film in a Cu wiring struc 
ture on a substrate by using an organic acid-containing gas, 
the Substrate processing apparatus comprising: 

a chamber for accommodating a substrate; 
a mounting table for mounting thereon the substrate in the 

chamber; 
a heating mechanism for heating the substrate on the 

mounting table; 
an energy medium gas supply mechanism for supplying a 

heated energy medium gas to the substrate on the mount 
ing table; 

a processing gas supply mechanism for supplying a pro 
cessing gas containing an organic acid gas into the 
chamber; 

a gas exhaust mechanism for exhausting an interior of the 
chamber; 

a control mechanism for removing a Cu-containing residue 
by etching by supplying the substrate with the process 
ing gas containing an organic acid gas after the tempera 
ture of the substrate mounted on the mounting table is set 
to be maintained at a first temperature by the heating 
mechanism, and then removing a copper oxide film on a 
Surface of Cuby means of a reduction reaction by sup 
plying the substrate with the processing gas containing 
an organic acid gas after the temperature of the substrate 
is set to be maintained at a second temperature higher 
than the first temperature by supplying the heated energy 
medium gas to the substrate on the mounting table. 

12. A substrate processing apparatus for removing a copper 
oxide film on a surface of Cu and a Cu-containing residue 
adhered to an interlayer insulating film in a Cu wiring struc 
ture on a substrate by using a processing gas containing an 
organic acid, the substrate processing apparatus comprising: 

a first processing unit, having a mounting table maintained 
at a temperature for heating the substrate mounted 
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thereon to be maintained at a first temperature, for sup 
plying the processing gas onto the substrate on the 
mounting table; 

a second processing unit, having a mounting table main 
tained at a temperature for heating the substrate mounted 
thereon to be maintained at a second temperature, for 
Supplying the processing gas onto the substrate on the 
mounting table; 

a transfer mechanism for transferring the substrate 
between the first processing unit and the second process 
ing unit; and 

a control mechanism for removing a Cu-containing residue 
by etching by supplying the substrate with the process 
ing gas containing an organic acid gas after the tempera 
ture of the substrate mounted on the mounting table of 
the first processing unit is set to be maintained at the first 
temperature, and then removing a copper oxide film on 
a surface of Cu by means of a reduction reaction by 
Supplying a processing gas containing an organic acid 
gas to the substrate by Supplying the substrate with a 
processing gas containing an organic acid gas after the 
temperature of the substrate transferred on the mounting 
table of the second processing unit by the transfer 
mechanism is set to be maintained at the second tem 
perature. 

13. A substrate processing apparatus for removing a copper 
oxide film on a surface of Cu and a Cu-containing residue 
adhered to an interlayer insulating film in a Cu wiring struc 
ture on a substrate by using an organic acid-containing gas, 
the substrate processing apparatus comprising: 

a processing chamber for processing a substrate; 
a substrate supporting unit for supporting a plurality of 

Substrates in the processing chamber; 
a heating mechanism for heating the substrates in the pro 

cessing chamber; 
a processing gas supply mechanism for supplying a pro 

cessing gas containing an organic acid gas into the pro 
cessing chamber; 

a control mechanism for removing a Cu-containing residue 
by etching by supplying the substrates with the process 
ing gas containing an organic acid gas after the tempera 
ture of the substrates held by the substrate supporting 
unit in the processing chamber is set to be maintained at 
a first temperature by the heating mechanism, and then 
removing a copper oxide film on a surface of Cu by 
means of a reduction reaction by supplying the sub 
strates with the processing gas containing an organic 
acid gas after the temperature of the substrates is set to be 
maintained at a second temperature higher than the first 
temperature by the heating mechanism. 

14. A non-transitory computer-readable storage medium 
storing a program for controlling a substrate processing appa 
ratus, wherein the program, when executed by a computer, 
controls the substrate processing apparatus to perform the 
substrate processing method described in claim 1. 

ck c. c. : : 


