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(57) ABSTRACT 

A plasma etching apparatus includes an electrostatic chuck 
and an etching gas Supply unit for Supplying an etching gas to 
a processing space between a first and a second electrode to 
perform a dry etching process on the target object. The appa 
ratus further includes a cleaning gas Supply unit for Supplying 
a cleaning gas to a processing space; a first high frequency 
power Supply unit for Supplying a first high frequency power 
to the first electrode; and a controller for controlling the first 
high frequency power Supply unit Such that a first period 
during which the first high frequency power has a first ampli 
tude that generates the plasma and a second period during 
which the first high frequency power has a second amplitude 
that generates Substantially no plasma are alternately 
repeated at a specific cycle when the plasma cleaning is 
performed in the processing chamber without the target 
object. 
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PLASMA ETCHINGAPPARATUS AND 
PLASMA CLEANING METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority to Japanese Patent 
Application No. 2008-313100 filed on Dec. 9, 2008, the 
entire contents of which are incorporated herein by reference. 

FIELD OF THE INVENTION 

0002 The present invention relates to a capacitively 
coupled plasma etching apparatus for performing a dry etch 
ing process on a target object by using a plasma and a plasma 
cleaning method for cleaning the inside of a processing cham 
ber the plasma etching apparatus. 

BACKGROUND OF THE INVENTION 

0003. In the manufacturing process of a semiconductor 
device or a flat panel display (FPD), a plasma is widely used 
in a process such as etching, deposit, oxidation, Sputtering or 
the like since it has a good reactivity with a processing gas in 
a relatively low temperature. In a single wafer plasma etching 
apparatus, a capacitively coupled type is mainly used togen 
erate a plasma. 
0004 An upper and a lower electrode are arranged in 
parallel with each other in a vacuum processing chamber 
included in a capacitively coupled plasma etching apparatus. 
Then, a target Substrate (e.g., a semiconductor waferor a glass 
substrate) is mounted on the lower electrode and a high fre 
quency Voltage is applied between the upper and the lower 
electrode. Accordingly, an electric field is generated between 
the electrodes by the high frequency Voltage to accelerate 
electrons and, thus, the impactionization occurs between the 
accelerated electrons and a processing gas, thereby generat 
ing a plasma. Then, a Surface of the Substrate is Subjected to a 
desired etching process by radicals and ions in the plasma. 
0005. Here, since the electrode to which the high fre 
quency Voltage is applied is connected to a high frequency 
power Supply via a blocking capacitor included in a matching 
unit, the electrode serves as a cathode. In a cathode coupling 
type in which a high frequency Voltage is applied to a lower 
electrode as a cathode on which a substrate is mounted, ions 
in a plasma are attracted to the Substrate in a substantial 
Vertical direction, thereby performing an anisotropic etching 
with the outstanding directivity (see, e.g., Japanese Patent 
Application Publication No. 2000-260595). 
0006 Recently, in order to individually optimize the den 
sity of plasma and the selectivity of anisotropic etching, there 
has widely been employed a lower side dual frequency appli 
cation type in which a first high frequency Voltage having a 
relatively high frequency (e.g., 27 MHZ or more) adequate for 
plasma generation and a second high frequency Voltage hav 
ing a relatively low frequency (e.g., 13.56 MHz or less) 
adequate for ion attraction are overlappingly applied to a 
lower electrode on which a Substrate is mounted (see, e.g., 
Japanese Patent Application Publication No. 2000-156370 
and corresponding U.S. Pat. No. 6,642,149 B2). 
0007 Moreover, in the capacitively coupled plasma etch 
ing apparatus, it is required to control the temperature of a 
Substrate to be uniform by Suppressing the increase of the 
temperature of the substrate caused by the heat transferred 
from the plasma during the plasma etching. To that end, the 
Substrate is indirectly cooled by Supplying a coolant having 
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an adjusted temperature from a chiller unit to a coolant path 
provided inside the lower electrode to be circulated and a heat 
transfer gas such as He gas to a backside of the Substrate 
through the lower electrode. 
0008 According to such a cooling method, a substrate 
holding unit is required to fixedly hold the substrate on the 
lower electrode against the Supplying pressure of the heat 
transfer gas and, thus, an electrostatic chuck is mainly used as 
the Substrate holding unit (see, e.g., Japanese Patent Laid 
open Publication No. 2001-210705). 
0009 Typically, the electrostatic chuck includes a dielec 

tric layer having a DC electrode therein which is provided on 
an upper Surface (mounting Surface) of the lower electrode 
and a preset DC voltage is applied to the DC electrode to 
attract a substrate by a Coulomb force generated between the 
substrate and the dielectric layer. For the electrostatic chuck, 
the dielectric layer has recently been made of alumina 
ceramic (Al2O) having high plasma resistance and high heat 
resistance. 
0010. Meanwhile, in the capacitively coupled plasma 
etching apparatus, some of gaseous reaction products or by 
products produced during the plasma etching are attached to 
members inside the chamber, especially, an upper electrode, a 
focus ring, a sidewall of the chamber and the like, which face 
a plasma generation space or a processing space, to be solidi 
fied into deposits. 
0011. As such, if the deposits attached to the members in 
the chamber are detached therefrom by being, e.g., peeled off, 
particles are generated, thereby decreasing the yield of 
devices. Accordingly, a cleaning process is regularly per 
formed to remove the deposits from the members in the 
chamber. Such kinds of cleaning processes are classified into 
two groups, i.e., a gas cleaning performed by a thermal 
decomposition of gas and a plasma cleaning performed by 
decomposing a cleaning gas by a plasma. 
0012. When the plasma cleaning is performed, in the cath 
ode coupling type, a high frequency Voltage for plasma gen 
eration is applied to the lower electrode as in the dry etching 
process. In the lower side dual frequency application type, the 
second high frequency Voltage for ion attraction is not applied 
and only the first high frequency for plasma generation is 
applied to the lower electrode. The cycle of the regular plasma 
cleaning is may be carried out lot by lot. However, it is 
preferable that the cycle is carried sheet by sheet to reliably 
prevent the influence of deposits on the process. 
0013 However, in the conventional capacitively coupled 
plasma etching apparatus, whenever the plasma cleaning is 
performed, a (dielectric) top surface portion of the electro 
static chuck is slightly eroded by an ion sputtering effect. 
Accordingly, as the plasma cleaning is repeatedly performed, 
Such erosion is progressed, shortening the lifespan of the 
electrostatic chuck. Furthermore, when the dielectric portion 
of the electrostatic chuck is made of a metal, especially, e.g., 
alumina ceramic (Al2O), the aluminum is scattered as par 
ticles or compounds (e.g., Al fluoride or Al chloride) in the 
chamber due to the erosion and some of the particles or the 
compounds is remain without being not exhausted. Such par 
ticles or compounds are attached to a Substrate Subjected to 
the etching process, thereby causing the metal contamination. 
0014. In addition, when the plasma cleaning is performed, 
only the high frequency Voltage for the plasma generation is 
applied to the lower electrode. Nevertheless, a self bias volt 
age is unavoidably generated and an ion sheath is formed 
between the plasma and the lower electrode. Accordingly, 
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ions in the plasma are accelerated by an electric field inside 
the ion sheath to be incident on the (dielectric) top surface 
portion of the electrostatic chuck, causing the dielectric mate 
rial to Sputter. 
0015 To prevent the metal contamination caused by the 
electrostatic chuck, a deposition creating process is per 
formed by Supplying a film formation gas, e.g., SiCl, gas, to 
the chamber after the plasma cleaning to coat the Surface of 
the electrostatic chuck with a thin film made of SiCl,O, or the 
like in the conventional capacitively coupled plasma etching 
apparatus. However, such a method requires expensive equip 
ment such as gas structure for the depositing process and a 
prolonged post-processing, so that it is difficult to use the 
method. 

SUMMARY OF THE INVENTION 

0016. In view of the above, the present invention provides 
a plasma etching apparatus and a plasma cleaning method 
capable of preventing erosion of an electrostatic chuck pro 
vided at an electrode to which a high frequency Voltage is 
applied and on which a target object is mounted while ensur 
ing a Sufficient performance of a cleaning process performed 
in a processing chamber, to thereby increase a lifespan of the 
electrostatic chuck and Suppress or prevent metal contamina 
tion. 
0017. In accordance with an aspect of the present inven 

tion, there is provided a plasma etching apparatus including 
an evacuable processing chamber; a first electrode for mount 
ing a target object in the processing chamber; an electrostatic 
chuck provided on a mounting Surface of the first electrode to 
hold the target object by an electrostatic force, a dielectric 
material of a surface layer portion of the electrostatic chuck 
including a metal; a second electrode disposed to face the first 
electrode in parallel in the processing chamber; an etching gas 
Supply unit for Supplying an etching gas to a processing space 
between the first and the second electrode to perform a dry 
etching process on the target object; a cleaning gas Supply 
unit for Supplying a cleaning gas to the processing space to 
perform a plasma cleaning in the processing chamber without 
the target object; a first high frequency power Supply unit for 
Supplying a first high frequency power to the first electrode, 
the first high frequency power contributing to plasma genera 
tion of the etching gas or the cleaning gas; and a controller for 
controlling the first high frequency power Supply unit Such 
that a first period during which the first high frequency power 
has a first amplitude that generates the plasma and a second 
period during which the first high frequency power has a 
second amplitude that generates Substantially no plasma are 
alternately repeated at a specific cycle when the plasma clean 
ing is performed in the processing chamber without the target 
object. 
0018. In accordance with another aspect of the present 
invention, there is provided a plasma cleaning method for 
performing a plasma cleaning in an evacuable processing 
chamber without a target object in a plasma etching appara 
tus. The plasma etching apparatus includes the evacuable 
processing chamber, a first electrode for mounting a target 
object in the processing chamber; an electrostatic chuck pro 
vided on a mounting surface of the first electrode to hold the 
target object by an electrostatic force, a dielectric material of 
a surface layer portion of the electrostatic chuck including a 
metal; a second electrode disposed to face the first electrode 
in parallel in the processing chamber; an etching gas Supply 
unit configured to Supply an etching gas to a processing space 
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between the first and the second electrode to perform a dry 
etching process on the target object; a cleaning gas Supply 
unit for Supplying a cleaning gas to the processing space to 
perform a plasma cleaning in the processing chamber without 
the target object; and a first high frequency power Supply unit 
for Supplying a first high frequency power to the first elec 
trode, the first high frequency power contributing to plasma 
generation of the etching gas or the cleaning gas. A first period 
during which the first high frequency power has a first ampli 
tude that generates the plasma and a second period during 
which the first high frequency power has a second amplitude 
that generates Substantially no plasma are alternately 
repeated at a specific cycle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0019. The objects and features of the present invention 
will become apparent from the following description of 
embodiments, given in conjunction with the accompanying 
drawings, in which: 
0020 FIG. 1 shows a schematic configuration of a plasma 
etching apparatus in accordance with an embodiment of the 
present invention; 
0021 FIG. 2 shows characteristics of time/high frequency 
power magnitude of a pulse plasma; 
0022 FIG. 3 shows a waveform of a first high frequency 
power of the pulse plasma shown in FIG. 2; 
0023 FIGS. 4A to 4C are cross sectional views showing a 
process order of a trimming process; 
0024 FIG. 5 is a table in which trimming characteristics 
obtained through test examples of a trimming process for the 
effects of the embodiment of the present invention; and 
0025 FIGS. 6A and 6B show waveforms of a sequence of 
plasma cleaning depending on sequence types in accordance 
with the embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

0026. Embodiments of the present invention will now be 
described with reference to the accompanying drawings 
which form a part hereof. 
0027 FIG. 1 shows a schematic configuration of a plasma 
etching apparatus in accordance with an embodiment of the 
present invention. The plasma etching apparatus is of a 
capacitively coupled type where dual high frequency powers 
are applied to a lower electrode, and includes a cylindrical 
chamber (processing chamber) 10 made of a metal, e.g., 
aluminum, stainless steel or the like. The chamber 10 is 
frame-grounded. 
0028. In the chamber 10, a cylindrical susceptor 12 serv 
ing as a lower electrode is provided to mount a target object 
(target substrate) thereon. The susceptor 12, which is made of 
e.g., aluminum, is Supported by an insulating tubular Support 
14, which is in turn Supported by a cylindrical Support portion 
16 vertically upwardly extending from a bottom portion of the 
chamber 10. A focus ring 18 made of, e.g., quartz or silicon is 
arranged on an upper Surface of the tubular Support 14 to 
annularly Surround a top surface of the Susceptor 12. 
0029. An exhaust path 20 is formed between a sidewall of 
the chamber 10 and the cylindrical support portion 16. An 
annular baffle plate 22 is attached to the entrance or the inside 
of the exhaust path 20, and an exhaust port 24 is provided at 
a bottom portion of the chamber 10. An exhaust device 28 is 
connected to the exhaust port 24 via an exhaust pipe 26. The 
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exhaust device 28 includes a vacuum pump to evacuate a 
processing space in the chamber 10 to a predetermined 
vacuum level. Attached to the sidewall of the chamber 10 is a 
gate valve 30 for opening and closing a gateway through 
which a semiconductor wafer W is loaded and unloaded. 

0030. A first high frequency power supply 32 for plasma 
generation is electrically connected to the Susceptor 12 via a 
first matching unit (MU)34 and a power feed rod 36. A first 
high frequency power HF is supplied from the first high 
frequency power supply 32 to the susceptor 12. The first high 
frequency power HF has a frequency (e.g., about 100 MHz) 
adequate to gas discharge. Moreover, provided at a ceiling 
portion of the chamber 10 is a shower head 38 serving as an 
upper electrode of ground potential. The first high frequency 
power HF from the first high frequency power supply 32 is 
capacitively applied between the susceptor 12 and the shower 
head 38. 
0031 Similarly, a second high frequency power supply 80 
for ion attraction is electrically connected to the susceptor 12 
via a second matching unit (MU) 82 and the power feed rod 
36. A second high frequency power LF is supplied from the 
second high frequency power Supply 80 to the Susceptor 12. 
The second high frequency power LF has a frequency (e.g., 
about 13.56 MHz) adequate to attractions or control an ion 
energy. 

0032. An electrostatic chuck 40 is provided on an upper 
surface of the susceptor 12 to hold the silicon wafer W by an 
electrostatic attraction force. The electrostatic chuck 40 
includes a DC electrode 4.0a made of a conductive film and an 
upper and a lower dielectric layer 40b and 40c. The DC 
electrode 4.0a is interposed between the dielectric layers 40b 
and 40c. A DC power supply 42 is electrically connected to 
the electrode 4.0a via a switch 43. By applying a DC voltage 
from the DC power supply 42 to the DC electrode 40a, a 
semiconductor wafer W can be attracted to and held on the 
electrostatic chuck 40 by the Coulomb force. 
0033. Each of the dielectric layers 40b and 40c of the 
electrostatic chuck 40 is made of, e.g., alumina ceramic 
(Al...O.) In this embodiment, a heater 84 for controlling a 
wafer temperature is provided inside the lower dielectric 
layer 40c. The heater 84 includes a resistance heating wire 
having, e.g., a spiral shape and is electrically connected to a 
heater power supply 88 arranged outside the chamber 10 
through an electrical cable 86. The dielectric layers 40b and 
40c of the electrostatic chuck 40 made of alumina ceramic 
(AlO) having a high heat resistance, are endurable for the 
heat emitted from the heater 84. 

0034. A coolant path 44, which extends in, e.g., a circum 
ferential direction, is provided inside the susceptor 12. A 
coolant, e.g., a cooling water, of a predetermined temperature 
is supplied from a chiller unit 46 to the coolant path 44 via 
pipelines 48 and 50 to be circulated. It is possible to control a 
process temperature of the semiconductor wafer W held on 
the electrostatic chuck 40 by adjusting the temperature of the 
coolant. Moreover, a heat transfer gas, e.g., He gas, is Sup 
plied from a heat transfer gas Supply unit 52 to a space 
between a top surface of the electrostatic chuck 40 and a 
bottom surface of the semiconductor wafer W through a gas 
supply line 54. 
0035. The shower head 38 provided at the ceiling portion 
of the chamber 10 includes a lower electrode plate 56 having 
a plurality of gas injection holes 56a and an electrode holder 
58 that detachably holds the electrode plate 56. Provided 
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inside the electrode holder 58 is a buffer chamber 60 for 
radically diffusing a gas to make the pressure uniform. 
0036. A gas inlet opening 60a of the buffer chamber 60 is 
connected to an etching gas Supply unit 66 and a cleaning gas 
Supply unit 68 through gas Supply lines 62 and 64, respec 
tively. On-off valves 70 and 72 are provided in the gas supply 
lines 62 and 64, respectively. Mass flow controllers (not 
shown) are provided in the etching gas and cleaning gas 
supply unit 66 and 68, respectively. 
0037 Provided along a circumference of the chamber 10 

is a magnet unit 74 extending annularly or concentrically 
around the chamber 10. When a plasma process is performed 
in the chamber 10, an RF electric field is vertically produced 
in the processing space between the shower head 38 and the 
Susceptor 12. A high density plasma is generated near the 
Surface of the Susceptor 12 by gas discharge generated by 
applying the first high frequency power HF to the Susceptor 
12. 
0038 A controller 76 controls operations of various parts 
of the plasma etching apparatus, e.g., the exhaust device 28, 
the first high frequency power Supply 32, the second high 
frequency power supply 80, the first matching unit 34, the 
second matching unit 82, the switch 43 for the electrostatic 
chuck 40, the chiller unit 46, the heat transfer gas supply unit 
52, the etching gas Supply unit 66, the cleaning gas Supply 
unit 68, the on-off valves 70 and 72, and the like. The con 
troller76 is connected to a host computer (not shown) and the 
like. 
0039. In the plasma etching apparatus, in order to perform 
the dry etching, the gate valve 30 is opened first, and a target 
object, i.e., a semiconductor wafer W. is loaded in the cham 
ber 10 and mounted on the electrostatic chuck 40. Then, the 
on-off valve 70 of the gas supply line 62 is opened and an 
etching gas (e.g., a gaseous mixture) is Supplied from the 
etching gas Supply unit 66 to the chamber at a predetermined 
flow rate and flow rate ratio. Moreover, the pressure inside the 
chamber 10 is adjusted by the exhaust device 28 at a preset 
level. 
0040. Further, the first high frequency power HF having a 
preset level is supplied from the first high frequency power 
Supply 32 to the Susceptor 12 and the second high frequency 
power LH having a preset level is supplied from the second 
high frequency power supply 80 to the susceptor 12. More 
over. He gas as a heat transfer gas is Supplied from heat 
transfer supply unit 52 to a gap between the surface of the 
electrostatic chuck 40 and the bottom surface of the semicon 
ductor wafer W. Then, a DC voltage is applied to the DC 
power supply 42 to the DC electrode 4.0a of the electrostatic 
chuck 40 and the heat transfer gas is kept in a contact interface 
between the semiconductor wafer W and the electrostatic 
chuck 40 by an electrostatic attraction force. 
0041. In the meantime, the heater power supply 88 is 
turned on to Supply a power (e.g., an AC power) to the heater 
84 of the electrostatic chuck 40. The etching gas injected from 
the shower head 38 is converted to a plasma by a high fre 
quency discharge generated between the shower head 38 
serving as the upper electrode and the Susceptor 12 serving as 
the lower electrode by the first high frequency power HF. A 
main surface of the semiconductor W is etched in a desired 
pattern by radicals and/or ions produced from the plasma. 
0042. In the capacitively coupled plasma etching appara 
tus, a high density plasma in a desirable dissociation state can 
be obtained by supplying to the susceptor 12 the first high 
frequency power HF having a relatively high frequency of 
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about 100 MHz adequate for plasma generation. That is, a 
high-density plasma can be generated in a lower-pressure 
condition. At the same time, an anisotropic etching with high 
selectivity can be performed on the semiconductor wafer W 
mounted on the Susceptor 12 by Supplying to the Susceptor the 
second high frequency power LF having a relatively lower 
frequency of about 13.56 MHz adequate for ion attraction. 
0043. Further, in the capacitively coupled plasma etching 
apparatus, the temperature of the semiconductor wafer W is 
controlled by providing the susceptor 12 or the electrostatic 
chuck 4.0a with a cool heat from the chiller unit 46 and a heat 
from the heater 84 simultaneously. Accordingly, it is possible 
to perform temperature conversion or increase and decrease 
of the temperature at a high speed and also optionally or 
variously control the profile of temperature distribution. 
0044. In the dry etching process, polymers (e.g., fluoro 
carbon based polymers), produced by the radicals and/or ions 
in the plasma of the etching gas reacting with a material of an 
etching mask or a film to be etched, and/or particles, sputtered 
from the surface of the semiconductor wafer W, are not com 
pletely exhausted through the exhaust device 28 and some of 
the polymers or particles remain in the chamber 10, thereby 
being attached to members included in the chamber 10, e.g., 
the sidewall of the chamber 10, the electrode plate 56 of the 
shower head 38, the focus ring 18, the baffle plate 22 of the 
exhaust path 20 and the like, which face the processing space. 
0045. However, during the dry etching process, the semi 
conductor wafer W is mounted on the electrostatic chuck 40 
and, thus, the electrostatic chuck 40 is not exposed to the 
plasma. Accordingly, no deposits are attached to the Surface 
of the electrostatic chuck 40. 
0046. In this embodiment, to promptly remove deposits 
incidentally attached to the members included in the chamber 
(excluding the electrostatic chuck 40) during the dry etching 
process, the cleaning process is regularly performed lot by lot 
preferably or sheet by sheet more preferably. Specifically, in 
the sheet-by-sheet cleaning process, immediately after the 
dry etching process is completed for one sheet, the processed 
semiconductor wafer W is unloaded from the chamber 10. 
Then, the plasma cleaning is performed in the chamber 10 in 
which no semiconductor wafer W is present. 
0047. In the lot-by-lot cleaning process, after the dry etch 
ing process is performed many times (e.g., 25 times) for one 
lot (e.g., 25 sheets) of semiconductor wafers W, the plasma 
cleaning is performed in the chamber 10 in which no semi 
conductor wafer W is present. 
0048. The controller 76 controls various parts of the 
plasma etching apparatus to perform the plasma cleaning 
process of the present embodiment. Specifically, the gate 
valve 30 is closed and, thus, the chamber 10 is sealed off. 
Then, the on-off valve 72 of the gas supply line 64 is opened 
and a cleaning gas (e.g., a gaseous mixture) is Supplied from 
the cleaning gas Supply unit 68 to the chamber 10 at a prede 
termined flow rate and flow rate ratio and the pressure inside 
the chamber 10 is adjusted by the exhaust device 28 at a preset 
level. Further, the first high frequency power HF that is pulse 
modulated as will be described later is supplied from the first 
high frequency power Supply 32 to the Susceptor 12. 
0049. Here, a gaseous mixture in which a fluorine based 
gas, e.g., SF gas, and O gas are mixed can be adequately 
employed as the cleaning gas. The number of the F atoms 
generated in the plasma of the SF gas is several times more 
than those of other fluorine based gases. Accordingly, it is 
possible to etch deposits (especially, Si compounds) at a high 
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speed. Of course, another fluorine based gas, e.g., NF gas 
may be adequately employed. The O gas serves as an addi 
tive gas to suppress a polymerization reaction and accelerate 
the cleaning process. A ratio of the Ogas to the fluorine based 
gas (e.g., the SF gas and the NF gas) is preferably about 1:1. 
0050. In accordance with this embodiment, when the 
plasma cleaning is performed, the second high frequency 
power supply 80 for ion attraction is turned off. Moreover, 
since no semiconductor wafer W is provided on the electro 
static chuck 40, it is unnecessary to control the wafer tem 
perature and the switch 43 for the DC voltage application and 
the heat transfer gas supply unit 52 are tuned off. However, it 
is necessary to control the temperatures of the electrostatic 
chuck 40 and the susceptor 12, so that the chiller unit 46 and 
the heater power supply 88 may be turned on. 
0051. In this embodiment, during the plasma cleaning, the 
controller 76 controls the first high frequency power supply 
and the first matching unit 34 Such that a plasma generation 
state and a plasma non-generation state can be alternately 
repeated by alternately repeating at a specific cycle a first 
period during which the first high frequency power HF has a 
first amplitude or a first crest value (i.e., an effective power) 
that generates the plasma and during which the first high 
frequency power HF has a second period having a second 
amplitude or a second crest value (i.e., no effective power) 
that generates Substantially no plasma. Further, in this 
embodiment, the second amplitude is set as about 0 (i.e., no 
first high frequency power is Supplied). In more detail, the 
first high frequency power HF supplied from the first high 
frequency power Supply 32 to the Susceptor 12 is modulated. 
FIG. 2 shows the modulation of pulse as a typical example of 
a modulated magnitude of a high frequency power. 
0052. As shown in FIG. 2, periods A are in the plasma 
generation state and periods B are in the plasma non-genera 
tion state. In the periods. A during which a plasma is gener 
ated, the first high frequency power HF having the first ampli 
tude of, e.g., about 750 W by power conversion is supplied to 
the Susceptor 12. In the periods B during which no plasma is 
generated, the first high frequency power HF having the sec 
ond amplitude of, e.g., about 0 W by power conversion is 
Supplied to the Susceptor 12. That is, a so-called pulse plasma 
is generated in the chamber 10 by alternately repeating on and 
off of the first high frequency power HF. 
0053. If a percentage (%) of on period to one cycle of on 
and off period is referred to as a duty, the duty is represented 
as 100A '%/(AB). For example, the duty of 50% may be 
selected by setting AB. In this case, the waveform of the first 
high frequency power HF is shown in FIG. 3. 
0054. In addition, it is not necessary that the second ampli 
tude of the plasma non-generation state be about 0W. The first 
high frequency power HF can have as the second amplitude 
value any amplitude value that generates Substantially no 
plasma. Similarly, even though the first amplitude of the 
plasma generation state is about 750 W by the power conver 
sion, the present embodiment is not limited to 750 W. The first 
amplitude value can be set in a range of 400W to 4000 W by 
the power conversion depending on the conditions of the 
cleaning process. 
0055 For the pulse modulation in accordance with this 
embodiment, a frequency at which the first amplitude (on 
period) and the second amplitude (off period) are alternately 
repeated is preferably sufficiently lower than that (e.g., about 
27 MHz or more) of the first high frequency power HF. 
Typically, the modulation frequency is 1 kHz to 100 kHz and 
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preferably 1 kHz to 60 kHz. If the modulation frequency is 
lower than 1 kHz, the ion-sputter suppressing effect of the 
present invention is significantly lowered. 
0056 Moreover, if the modulation frequency is higher 
than about 60 kHz, it becomes difficult to allow the pulse 
plasma to follow on and off of the first high frequency power 
HF, thereby significantly lowering the ion-sputter Suppress 
ing effect of the present invention. 
0057 The duty of the first amplitude (on period) is not 
limited to 50% and it is preferable to adequately set the duty 
in a range of 10% to 60%. If the duty is smaller than 10%, no 
plasma is generated, thereby failing to obtain an effective 
plasma cleaning. On the other hand, if the duty is higher than 
60%, the ion-sputter suppressing effect of the present inven 
tion is significantly lowered. 
0058 Generally, in view of the cleaning effect, the duty 
and the cleaning time are in an inverse proportional relation 
ship to each other. Accordingly, as the duty is greater, a 
needed time for the cleaning is shortened. As the duty is 
Smaller, the needed time is lengthened. 
0059 For an experiment for the cleaning process of this 
embodiment, main conditions of the plasma cleaning are as 
follows. 
0060. Etching gas: SF gas/O gas-800 sccm/800 sccm 
0061 Chamber pressure: 200 mTorr 
0062 HF power: first amplitude/second amplitude=750 
WFOW 
0063 Modulation Frequency: 10 kHz 
0064 Duty: 50% 
0065 Temperature: upper electrode/sidewall of chamber/ 
lower electrode=80/70/60° C. 
0066 Magnetic field: 320 G 
0067 Cleaning time: 40 seconds 
0068. In the experiment, it can be seen that the cleaning 
rate of 100A/minto 250A/min was obtained at each position 
in the radical direction on a surface of the electrode plate 56 
of the shower head 38. On a surface of the focus ring 18, the 
cleaning rate of 100 A/minto 150 A/min was obtained at each 
position in the radical direction. Moreover, on a sidewall of 
the chamber 10, the cleaning rate of 25 A/min to 50 A/min 
was obtained at each position in the Vertical direction. 
0069. In the experiment, it can be seen that the cleaning 
rate of each part was about a halftimes as fast as that when the 
duty is 100% without change of other conditions (i.e., no 
pulse modulation). 
0070 Moreover, in the experiment, it can be seen that the 
cleaning rate is rarely changed when the magnitude of the first 
amplitude of the first high frequency power HF is increased to 
two times, i.e., 1500 W. 
0071. As a result, for the cleaning performance of the 
pulse-modulated plasma cleaning in accordance with the 
present embodiment, the cleaning rate is lowered Substan 
tially in proportion to the duty as compared with the plasma 
cleaning without the pulse modulation. However, when 
viewed from another aspect, the pulse-modulated plasma 
cleaning in accordance with the present embodiment can 
obtain the same cleaning result or the same cleaning perfor 
mance as the plasma cleaning without the pulse modulation 
by setting the cleaning time slightly longer depending on the 
duty of pulse modulation (in the inverse proportional rela 
tionship). 
0072. In fact, the pulse-modulated plasma cleaning in 
accordance with the present embodiment has a main feature 
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that it is possible to sufficiently suppress the erosion of a 
surface layer portion, i.e., the upper dielectric layer 40b of the 
electrostatic chuck 40. 
0073. In other words, in the plasma cleaning, if the first 
high frequency power HF for plasma generation is Supplied to 
the Susceptor 12, the cleaning gas is discharged to generate a 
plasma in the processing space between the Susceptor (lower 
electrode) 12 and the shower head (upper electrode) 38. Fur 
ther, a negative self-bias Voltage is generated in the Susceptor 
12, so that an ion sheath is formed between the susceptor 12 
and the plasma. Then, and positive ions in the plasma are 
accelerated by an electric field of the ion sheath to be incident 
on the upper dielectric layer 40b of the electrostatic chuck 40. 
0074 The alumina ceramic (AlO) as the material of the 
upper dielectric layer 40b has a Sufficiently strong etching 
resistance against radicals of fluorine, oxygen and the like, 
but the aluminum or the ceramic (Al2O) has a relatively 
weaker etching resistance to physical etching (ion sputtering) 
caused by the ion incidence. As a result, the upper dielectric 
layer 40b made of the alumina ceramic (Al2O) is inevitably 
eroded. 
0075. Here, if the first high frequency power HF is pulse 
modulated, in the second period B during which the first high 
frequency power HF has the second amplitude in each cycle 
of modulation frequency, at least no self-bias Voltage exist 
and the ion sputtering is stopped in the upper dielectric layer 
40b of the electrostatic chuck 40. Accordingly, the ion sput 
tering can be Suppressed. 
0076 Such action of suppressing the ion sputtering by the 
pulse modulation has the same effect as in the case of apply 
ing the above pulse modulation in the dry etching process for 
the semiconductor wafer W. This can be proved in a trimming 
process of resist pattern, for example. 
0077. As shown in FIG. 4A, a sidewall of the resist pattern 
100 is formed by the photolithography. Typically, a trimming 
process forms the sidewall of the resist pattern 100 into a finer 
pattern as shown in FIG. 4B. If a target etching film 104 is 
etched by using the thinly formed resist pattern 100 as a mask, 
a hole or recess 108 having a desired size can be obtained as 
shown in FIG. 4C. In FIGS. 4A to 4C, a reference number 102 
is an antireflection coating and a reference number 106 is a 
base film or a base substrate. 
0078. In the resist process, the attempt to form a resist 
pattern having a desired thin size without the trimming pro 
cess may cause resist collapse during the photolithography 
process (especially, development). To that end, after the pho 
tolithography process, the trimming process is performed to 
make the resist pattern to have a desired thin size. 
0079. However, in the trimming process, the sidewall of 
the resist pattern 100 is horizontally etched and an upper 
surface of the resist pattern 100 is vertically etched. Here, a 
radical based etching mainly dominantly contributes to the 
horizontal etching (trimming) of the resist pattern 100 and an 
ion based etching mainly dominantly contributes to the Ver 
tical etching (resist loss). 
0080 Accordingly, to proof the effect of the present inven 
tion, it is meaningful to compare a typical non-modulation 
(continuous wave (CW)) method with a pulse-modulation 
method in the trimming process in view of the radical based 
etching and the ion based etching. 
I0081 From the above point of view, the comparison of the 
typical non-modulation (CW) method with the pulse-modu 
lation method was performed through an experiment of the 
trimming process by using the capacitively coupled plasma 



US 2010/O 140221 A1 

etching apparatus (shown in FIG. 1). In the experiment of the 
trimming process, main conditions are as follows. 
0082 Diameter of semiconductor wafer: 300 mm 
I0083. Etching gas: O gas/N gas-50 sccm/50 sccm 
I0084 Chamber pressure: 50 mTorr 
I0085 HF power: first amplitude/second amplitude=70 W. 
80 W/O W 
I0086 Modulation Frequency: 10 kHz and 100 kHz 
I0087 Duty: 50% 
0088 Temperature: upper electrode/sidewall of chamber/ 
lower electrode=80/70/60° C. 
I0089 Magnetic field: 320 G 
0090 Cleaning time: 20 to 26 seconds 
0091 FIG. 5 is a table where trimming characteristics 
obtained in test examples 1 to 3 and SEM pictures are illus 
trated. 

Test Example 1 
0092. The non-modulation (CW) trimming process was 
carried out for 20 seconds by using a first high frequency 
power HF of 70 W. At a central portion of a semiconductor 
wafer, a vertical etching rate, i.e., a resist loss rate (PR loss) 
was 40.2 nm and a horizontal etching rate, i.e., a trimming 
amount (Trim. amount) was 45.1 nm. A trimming ratio (Trim. 
Ratio) was 45.1 nm/40.2 nm, i.e., 1.12. At an edge portion of 
the semiconductor, the resist loss rate (PR loss) was 35.6 mm 
and the trimming amount (Trim. amount) was 39.8 mm. The 
trimming ratio (Trim. ratio) was 1.12. 

Test Example 2 
0093. The same pulse-modulation trimming process as the 
plasma cleaning of the present embodiment was carried out 
for 26 seconds by using the first high frequency power HF 
having the magnitude (magnitude of on period or first ampli 
tude) of 70 W. At the central portion, the resist loss rate (PR 
loss) was 37.5 nm and the trimming amount (Trim. amount) 
was 53.7 nm. The trimming ratio (Trim. ratio) was 1.43. At the 
edge portion, the resist loss rate (PR loss) was 32.9 nm and the 
trimming amount (Trim. amount) was 48.4 nm. The trimming 
ratio (Trim. ratio) was 1.47. 

Test Example 3 
0094. The same pulse-modulation trimming process as the 
plasma cleaning of the present embodiment was carried out 
for 26 seconds by using the first high frequency power HF 
having the magnitude (magnitude of on period or first ampli 
tude) of 85 W. At the central portion, the resist loss rate (PR 
loss) was 38.2 nm and the trimming amount (Trim. amount) 
was 47.7 nm. The trimming ratio (Trim. ratio) was 1.24. At the 
edge portion, the resist loss rate (PR loss) was 32.2 nm and the 
trimming amount (Trim. amount) was 47.7 nm. The trimming 
ratio (Trim. ratio) was 1.48. 
0095. As described above, if the non-modulation (CW) 
test example 1 is compared with the pulse-modulation test 
examples 2 and 3, it can be seen that the radical based etching 
rate (trimming amount) of the non-modulation (CW) method 
is not significantly different from that of the pulse-modula 
tion method. However, the ion based etching rate (resist loss 
rate) of the pulse-modulation method is much lower than that 
of the non-modulation (CW) method. 
0096. In other words, by turning on and off the first high 
frequency power HF contributing to the plasma generation at 
the adequate modulation frequency and duty, the pulse 
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modulation method yields little effect on the radical based 
etching but Suppress an etching rate of the ion based etching. 
The pulse-modulation method is not limited to the trimming 
process and is adequate for a plasma etching in which the 
radical etching and the ion based etching are carried out 
together. 
0097. Furthermore, such a principle is important to the 
plasma cleaning process of the present embodiment. Specifi 
cally, as described above, the alumina ceramic (AlO) as the 
material of the upper dielectric layer 40b has a sufficiently 
strong etching resistance against radicals of fluorine, oxygen 
and the like, but has a relatively weaker etching resistance to 
physical etching (ion sputtering) caused by the ion incidence. 
0098. Accordingly, if the ion sputtering becomes weak 
under the given conditions, the erosion of the upper dielectric 
layer 40b of the electrostatic chuck 40 is inevitably reduced. 
As a result, it is possible to lengthen a lifespan of the electro 
static chuck 40 and Suppress or prevent metal contamination. 
That is, it is evitable that the upper dielectric layer 40b of the 
electrostatic chuck 40 is eroded by the plasma cleaning pro 
cess. However, by reducing the erosion level or by making 
erosion rate as slow as possible, the amount of the aluminum 
attached to each semiconductor wafer Was the target object 
can be controlled within an allowable range, thereby prevent 
ing the metal contamination. 
0099. As such, in accordance with the plasma cleaning 
method of the present embodiment, it is possible to generate 
a pulse plasma for cleaning in the chamber 10 in which no 
semiconductor wafer W is provided by pulse-modulating a 
high frequency power HF for plasma generation Supplied to 
the Susceptor 12 at a predetermined modulation frequency or 
duty, thereby maintaining the cleaning performance, and 
effectively efficiently suppress the erosion of a surface layer 
portion of the electrostatic chuck 40. Accordingly, it is pos 
sible to maintain the inside of the chamber 10 as a non-deposit 
state and increase the lifespan of the electrostatic chuck 40. 
As a result, the metal contamination can be suppressed or 
prevented. 
0100 Moreover, in the present embodiment, a first type 
shown in FIG. 6A or a second type shown in FIG. 6B can be 
employed as a sequence of the plasma cleaning. In accor 
dance to the first type, for the first high frequency power HF, 
the first period A and the second period B are alternately 
repeated at a desired cycle C between a start point of time t 
and an endpoint of time t of the cleaning. In accordance with 
the second type, the first amplitude of the first high frequency 
power HF is maintained during a period of time T between a 
start point of time t when the first high frequency power HF 
is started to be supplied to the susceptor 12 and a point of time 
t; and the first period A and the second period B are alter 
nately repeated in the first high frequency power HF at the 
cycle C after the point of time t. 
I0101. In the second type, the period of time T or the point 
of time t may be determined depending on various condi 
tions. For example, when the increase in the plasma genera 
tion is not sufficient because the duty of pulse modulation is 
relatively small, a point of time when the plasma is initially 
ignited after the cleaning is started may be monitored by a 
plasma monitor to be set the monitored point of time as the 
point of time t; or the period of time T may be determined as 
an empirically obtained period of time required until the 
plasma becomes stable. 
0102. In addition, to arbitrarily control a balance between 
the cleaning efficiency and the erosion Suppressing effect, the 
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cleaning time may be divided into a first cleaning time for 
performing a rough cleaning and a second cleaning time for 
performing a finishing cleaning to determine the period of 
time T. (between t and t) as the first cleaning time and a 
remaining period of time (between t and t) as the second 
cleaning time. 
0103) In accordance with the plasma etching apparatus 
and the plasma cleaning method of the present embodiment, 
it is possible to obtain a Sufficient performance of the cleaning 
process in the processing chamber and prevent erosion of the 
electrostatic chuck provided at the electrode to which a high 
frequency Voltage is applied and on which a target object is 
mounted. Accordingly, a lifespan of the electrostatic chuck is 
increased, and the metal contamination is Suppressed or pre 
vented. 

0104. While the invention has been shown and described 
with respect to the embodiments, it will be understood by 
those skilled in the art that various changes and modification 
may be made without departing from the scope of the inven 
tion as defined in the following claims. 
0105 For example, the present embodiment is adequately 
applicable to a capacitively coupled plasma etching apparatus 
of lower side single frequency application type in which a 
high frequency power for plasma generation and ion attrac 
tion is supplied to a susceptor (lower electrode). Moreover, 
the material of the surface layer portion of the electrostatic 
chuck is not limited to alumina ceramic (Al2O) Alterna 
tively, the surface layer portion of the electrostatic chuck may 
be made of a dielectric material including a metal. 
0106. In the present invention, the target substrate is not 
limited to the semiconductor wafer. Alternatively, the present 
invention can be applied to various Substrates for plat panel 
display, photomasks, CD Substrates, print Substrates, and the 
like. 

What is claimed is: 
1. A plasma etching apparatus comprising: 
an evacuable processing chamber, 
a first electrode for mounting a target object in the process 

ing chamber; 
an electrostatic chuck provided on a mounting Surface of 

the first electrode to hold the target object by an electro 
static force, a dielectric material of a Surface layer por 
tion of the electrostatic chuck including a metal; 

a second electrode disposed to face the first electrode in 
parallel in the processing chamber, 

an etching gas Supply unit for Supplying an etching gas to 
a processing space between the first and the second 
electrode to perform a dry etching process on the target 
object; 

a cleaning gas Supply unit for Supplying a cleaning gas to 
the processing space to perform a plasma cleaning in the 
processing chamber without the target object; 

a first high frequency power Supply unit for Supplying a 
first high frequency power to the first electrode, the first 
high frequency power contributing to plasma generation 
of the etching gas or the cleaning gas; and 

a controller for controlling the first high frequency power 
supply unit such that a first period during which the first 
high frequency power has a first amplitude that gener 
ates the plasma and a second period during which the 
first high frequency power has a second amplitude that 
generates Substantially no plasma are alternately 
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repeated at a specific cycle when the plasma cleaning is 
performed in the processing chamber without the target 
object. 

2. The apparatus of claim 1, wherein the dielectric material 
of the surface layer portion of the electrostatic chuck includes 
Al2O. 

3. The apparatus of claim 1, wherein the second amplitude 
is Zero. 

4. The apparatus of claim 1, wherein a frequency at which 
the first and the second period are alternately repeated is about 
1 kHz to 60 kHz. 

5. The apparatus of claim 1, wherein a duty of the first 
period is about 10% to 60%. 

6. The apparatus of claim 1, wherein, during the plasma 
cleaning, the controller controls the first high frequency 
power Supply unit Such that the first high frequency power 
continuously has the first amplitude between a point of time 
when the first high frequency power is started to be supplied 
to the first electrode and a point of time when the plasma is 
ignited; and the first period and the second period are alter 
nately repeated at the specific cycle after the point of time 
when the plasma is ignited. 

7. The apparatus of claim 1, wherein, during the plasma 
cleaning, the controller controls the first high frequency 
power Supply unit Such that the first high frequency power 
continuously has the first amplitude until a discharge of the 
cleaning gas becomes stable; and the first period and the 
second period are alternately repeated at the specific cycle 
after the discharge of the cleaning gas becomes stable. 

8. The apparatus of claim 1, wherein a plasma cleaning 
time set for the plasma cleaning is divided into a first and a 
second cleaning time; and the controller controls the first high 
frequency power Supply unit Such that the first high frequency 
power continuously has the first amplitude during the first 
cleaning time and the first period and the second period are 
alternately repeated at the specific cycle during the second 
cleaning time. 

9. The apparatus of claim 1, wherein the controller controls 
the first high frequency power Supply unit Such that the first 
period and the second period are alternately repeated at the 
specific cycle between a start and an end point of a plasma 
cleaning time set for the plasma cleaning. 

10. The apparatus of claim 1, wherein the cleaning gas is a 
gaseous mixture in which SF gas or NF gas and O gas are 
mixed. 

11. The apparatus of claim 10, wherein a mixing ratio of the 
O gas to the SF gas or the NF gas is about 1. 

12. The apparatus of claim 1, wherein the plasma cleaning 
is regularly performed in lot by lot or sheet by sheet. 

13. The apparatus of claim 1, further comprising: a second 
high frequency power Supply unit for Supplying to the first 
electrode a second high frequency power for controlling an 
energy of ions attracted to the target object from the plasma of 
the etching gas during the dry etching process. 

14. The apparatus of claim 13, wherein, when the plasma 
cleaning is performed in the processing chamber without the 
target object, the controller controls the second high fre 
quency power Supply unit not to Supply the second high 
frequency power to the first electrode. 

15. A plasma cleaning method for performing a plasma 
cleaning in an evacuable processing chamber without a target 
object in a plasma etching apparatus including: 
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the evacuable processing chamber; 
a first electrode for mounting a target object in the process 

ing chamber; 
an electrostatic chuck provided on a mounting Surface of 

the first electrode to hold the target object by an electro 
static force, a dielectric material of a Surface layer por 
tion of the electrostatic chuck including a metal; 

a second electrode disposed to face the first electrode in 
parallel in the processing chamber, 

an etching gas Supply unit configured to Supply an etching 
gas to a processing space between the first and the sec 
ond electrode to perform a dry etching process on the 
target object; 

a cleaning gas Supply unit for Supplying a cleaning gas to 
the processing space to perform a plasma cleaning in the 
processing chamber without the target object; and 

a first high frequency power Supply unit for Supplying a 
first high frequency power to the first electrode, the first 
high frequency power contributing to plasma generation 
of the etching gas or the cleaning gas, 

wherein a first period during which the first high frequency 
power has a first amplitude that generates the plasma and 
a second period during which the first high frequency 
power has a second amplitude that generates Substan 
tially no plasma are alternately repeated at a specific 
cycle. 

16. The method of claim 15, wherein the dielectric material 
of the surface layer portion of the electrostatic chuck includes 
Al-O. 

17. The method of claim 15, wherein the second amplitude 
is Zero. 

18. The method of claim 15, wherein a frequency at which 
the first and the second period are alternately repeated is about 
1 kHz to 60 kHz. 

19. The method of claim 15, wherein a duty of the first 
period is about 10% to 60%. 
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20. The method of claim 15, wherein, during the plasma 
cleaning, the first high frequency power Supply unit is con 
trolled such that the first high frequency power continuously 
has the first amplitude between a point of time when the first 
high frequency power is started to be supplied to the first 
electrode and a point of time when the plasma is ignited; and 
the first period and the second period are alternately repeated 
at the specific cycle after the point of time when the plasma is 
ignited. 

21. The method of claim 15, wherein, during the plasma 
cleaning, the first high frequency power Supply unit is con 
trolled such that the first high frequency power continuously 
has the first amplitude until a discharge of the cleaning gas 
becomes stable; and the first period and the second period are 
alternately repeated at the specific cycle after the discharge of 
the cleaning gas becomes stable. 

22. The method of claim 15, wherein, wherein a plasma 
cleaning time set for the plasma cleaning is divided into a first 
and a second cleaning time; and the first high frequency 
power supply unit is controlled such that the first high fre 
quency power continuously has the first amplitude during the 
first cleaning time and the first period and the second period 
are alternately repeated at the specific cycle during the second 
cleaning time. 

23. The method of claim 15, wherein the first high fre 
quency power Supply unit is controlled Such that the first 
period and the second period are alternately repeated at the 
specific cycle between a start and an end point of a plasma 
cleaning time set for the plasma cleaning. 

24. The method of claim 15, wherein the cleaning gas is a 
gaseous mixture in which SF gas or NF gas and O gas are 
mixed. 

25. The method of claim 24, wherein a mixing ratio of the 
O gas to the SF gas or the NF gas is about 1. 

26. The method of claim 15, wherein the plasma cleaning 
is regularly performed lot by lot or sheet by sheet. 

c c c c c 


