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(57) ABSTRACT 
An apparatus for plasma etching comprises a chamber, a gas 
inlet port provided in the chamber to introduce etching gas 
into the chamber, a gas outlet port provided in a Side portion 
of the chamber to exhaust the gas from Said chamber, a 
Sample Stage provided within the chamber, and a spiral coil 
disposed externally of the chamber and in opposing relation 
with the Sample Stage to generate a plasma composed of the 
etching gas with a high-frequency induction field. The 
higher-Voltage region of the Spiral coil and the exhaust-Side 
region of the Sample Stage are positioned on Substantially the 
Same Side relative to the center axis of the chamber. 
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APPARATUS AND METHOD FOR PLASMA 
ETCHING 

BACKGROUND OF THE INVENTION 

0001. The present invention relates to an apparatus and 
method for plasma etching. More particularly, it relates to an 
apparatus and method for plasma etching wherein a target 
film is etched by a plasma generated with a high-frequency 
induction field produced by a spiral coil disposed in oppos 
ing relationship with a Sample Stage provided in a chamber. 
0002 With the increasing miniaturization of a semicon 
ductor integrated circuit element in recent years, exposing 
light with a shorter wavelength has been used in a litho 
graphic step. At present, the use of a KrF excimer laser (with 
a wavelength of 248 nm) or an ArF excimer laser (with a 
wavelength of 193 nm) is becoming prevalent. 
0003. As the wavelength of exposing light becomes 
shorter, the reflectivity of light reflected from a substrate 
after exposing a resist film becomes higher So that the 
reflected light from the Substrate is more likely to cause 
variations in the Size of a resist pattern. To prevent the 
reflected light from being incident on the resist film, there 
has recently been used a process wherein an organic bottom 
anti-reflective coating (hereinafter referred to as ARC) is 
formed under the resist film. The ARC process is primarily 
used in the manufacturing of a Semiconductor element in a 
high-performance device with design rules whereby a gate 
width is 0.25 um or less. 
0004. In the ARC process, it is necessary to etch the ARC 
after a resist pattern is formed by a conventional lithographic 
technique. Of a variety of plasma etching apparatus used to 
etch the ARC, an apparatus for inductively coupled plasma 
(ICP) etching with a spiral coil is used frequently. 
0005 AS examples of the inductively coupled apparatus 
for plasma etching, an apparatus for inductively coupled 
plasma etching having a planar coil (see U.S. Pat. No. 
4,948,458), an apparatus for inductively coupled plasma 
etching with a dome-shaped coil (see U.S. Pat. No. 5,614, 
055), and the like are known. 
0006 Referring to FIG. 10, a conventional apparatus for 
inductively coupled plasma etching having a planar Single 
spiral coil will be described. 
0007 As shown in FIG. 10, a sample stage 2 as a lower 
electrode to which high-frequency power is applied is dis 
posed in the lower portion of a grounded chamber 1 having 
an inner wall covered with an insulator Such as ceramic, 
alumina, or quartz. A Semiconductor Substrate 3 as a Sample 
to be etched is placed on the Sample Stage 2. The chamber 
1 is provided with gas inlet ports (not shown) for introducing 
etching gas into the chamber 1 via a mass flow controller and 
with a gas outlet port 5 connected to a turbo pump for Setting 
pressure in the chamber 1 to the order of 0.1 Pa to 10 Pa. 
0008. A single spiral coil 4 of inductively-coupled type is 
disposed atop the chamber 1 externally thereof in opposing 
relationship with the Sample stage 2. The Single spiral coil 4 
has one end connected to a high-frequency power Source Via 
a matching circuit (not shown) and the other end connected 
to a wall of the chamber 1 and thereby grounded. The 
arrangement allows the Single spiral coil 4 to generate a 
high-frequency induction field So that etching gas introduced 
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into the chamber 1 is changed into a plasma. The etching gas 
changed into the plasma is guided by high-frequency power 
applied to the Sample Stage 2 toward the target film on the 
Semiconductor Substrate 3 held by the Sample Stage 2 So as 
to etch the target film. 
0009. When the present inventors performed an etching 
process with respect to an ARC as the target film by using 
a plurality of inductively coupled apparatus for plasma 
etching each having the planar Single spiral coil 4 mentioned 
above, the problem occurred that the inplane uniformity of 
the etching rate varied with the different apparatus for 
plasma etching, though they were of the same model. 
0010. The inplane uniformity of the etching rate is 
defined as the degree of variations in etching rate across the 
surface of the target film and expressed as 3O/ux100 (%), 
where O is the Standard deviation of a data value and it is the 
mean value of the data value. When variations in data value 
exhibit a normal distribution, 3O represents a deviation 
including 99.74% of the data value. The following equation 
(1) shows 3O and u specifically. 

Equation 1 

0011) 

Equation 1 

0012 where 

0013 u: mean value= 

where u: mean value = 

0.014) n: number of samples 

0015 Xi: i-th data value. 
0016 Conditions for the plasma etching process when the 
inplane uniformity of the etching rate was measured by 
using the conventional apparatus for plasma etching are as 
shown in Table 1. 

0017. In Table 1, ICP denotes high-frequency power 
applied to the Single spiral coil 4 and RF denotes high 
frequency power applied to the Sample Stage 2. 

TABLE 1. 

N/O. 30/30 (sccm) 
ICP/RF 350/50 (W) 
PRESSURE 8 (mTorr) 
TEMPERATURE OF 10 ( C.) 
SAMPLE STAGE 

0018. The models of apparatus for inductively coupled 
plasma etching and the inplane uniformities of the respective 
etching rates are as shown in Table 2. As shown in FIG. 
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18(a), etching was performed with respect to the ARC 11 as 
a target film formed on the semiconductor substrate 10. 

TABLE 2 

APPARATUS 
MODEL UNIFORMITY 

APPARATUSA 4.5% 
APPARATUS B 2.1% 
APPARATUS C 5.6% 
APPARATUSD 5.1% 
APPARATUS E 3.3% 
APPARATUS F 6.8% 
APPARATUS G 2.6% 

0019. As will be understood from Table 2, the inplane 
uniformities of the etching rates for the ARC 11 were +4.5% 
for the apparatus A, +2.1% for the apparatus B, +5.6% for 
the apparatus C, +5.1% for the apparatus D, +3.3% for the 
apparatus E, 6.8% for the apparatus F, and +2.6% for the 
apparatus G and not constant. 
0020. The etching rate which is inferior in inplane uni 
formity causes variations in the actual amount of etching 
acroSS the Surface of the target film. If the actual amount of 
etching varies across the Surface of the target film, an 
adverse effect is produced Such as variations in the charac 
teristics of a FET in the case of forming the gate electrode 
of the FET by etching. 

SUMMARY OF THE INVENTION 

0021. In view of the foregoing, it is therefore an object of 
the present invention to improve the inplane uniformity of 
an etching rate when etching is performed with respect to a 
target film by using an apparatus for plasma etching and to 
reduce variations in the inplane uniformity of the etching 
rate from apparatus to apparatus for plasma etching of the 
Same model. 

0022. As a result of various examinations of the above 
apparatus A to G. the present inventors found that the 
positional relationship between the Single spiral coil 4 and 
the gas outlet port 5 varied with the different models of 
apparatuS. 

0023 Assuming that the positional relationship between 
the Single spiral coil 4 and the gas outlet port 5 affects the 
uniformity of the etching rate, the present inventors exam 
ined the varying positional relationship between the Single 
spiral coil 4 and the gas outlet port 5 and found that the 
varying positional relationship between the Single Spiral coil 
4 and the gas outlet port 5 caused uneven distribution of 
reactive radicals over the plasma generation region in the 
chamber 1. A description will be given below to the finding. 
0024 First, as shown in FIG. 11, it is assumed that the 
Single spiral coil 4 consists of three portions which are: a coil 
portion 4a contributing directly to the generation of a 
high-frequency induction field; a power-Source-side with 
drawn portion 4b positioned between the coil portion 4a and 
the high-frequency power Source 6, and a ground-side 
withdrawn portion 4c positioned between the coil portion 4a 
and a ground Source 7. It is also assumed that the coil portion 
4a consists of two regions Separated by a first line L1 linking 
a power-Source connection point Abetween the coil portion 
4a and the power-source-side withdrawn portion 4b to the 
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center point B of the coil portion 4a. Of the two regions of 
the coil portion 4a Separated by the first line L1, the region 
containing a portion connected directly to the power-Source 
connection point A is defined as a higher-Voltage region 
(region where high-frequency Voltage is relatively high) and 
the region not containing the portion connected directly to 
the power-Source connection point A is defined as a lower 
voltage region (region where high-frequency Voltage is 
relatively low). 
0025. On the other hand, it is assumed that the sample 
Stage 2 consists of two regions Separated by a Second line L2 
perpendicular to a line linking the center portion C of the 
Sample Stage 2 to the center portion D of the gas outlet port 
5, as shown in FIG. 12. Of the two separate regions, the 
region closer to the gas outlet port 5 is defined as an 
exhaust-Side region and the region further away from the gas 
outlet port 5 is defined as a counter-exhaust-Side region. 
0026. As shown in FIG. 13, an angle formed between the 
line 2 and the line L1 which is rotating clockwise relative to 
the line L2 starting from the State in which the exhaust-Side 
region coincides with the lower-Voltage region in overlap 
ping relation and the counter-exhaust-Side region and the 
higher-Voltage region are in overlapping relation is defined 
as a rotation angle 0. 
0027. The rotation angle 0 for each of the foregoing 
apparatus A to G is as shown in Table 3. 

TABLE 3 

APPARATUS ROTATION 
MODEL ANGLE 8 

APPARATUSA 90° 
APPARATUS B 150 
APPARATUS C 60° 
APPARATUSD 75o 
APPARATUS E 120° 
APPARATUS F 30° 
APPARATUS G 135° 

0028. As will be understood from Table 3, the rotation 
angle 0 formed between the second line L2 and the first line 
L1 which is rotating clockwise with respect to the Second 
line L2 varies with the conventional apparatus for plasma 
etching. From a comparison between Tables 2 and 3, it will 
also be understood that there is the correlation between the 
rotation angle 0 and the inplane uniformity of the etching 
rate and that the inplane uniformity of the etching rate 
improves as the rotation angle 0 increases. 
0029. The reason for this may be that the quantity of 
reactive radicals is larger in the area of the plasma genera 
tion region in the chamber 1 corresponding to the counter 
exhaust-Side region of the Sample Stage 2 than in the area 
thereof corresponding to the exhaust-Side region of the 
Sample stage 2, as shown in FIG. 14(a), and that the quantity 
of reactive radicals is larger in the area of the plasma 
generation region in the chamber 1 corresponding to the 
higher-Voltage region of the Single spiral coil 4 than in the 
area thereof corresponding to the lower-Voltage region of the 
single spiral coil 4, as shown in FIG. 14(b). 
0030. Accordingly, if the exhaust-side region of the 
Sample stage 2 and the higher-Voltage region of the Single 
Spiral coil 4 are positioned on the same Side and if the 
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counter-exhaust-Side region of the sample Stage 2 and the 
lower-Voltage region of the Single Spiral coil 4 are positioned 
on the same Side, reactive radicals are evenly distributed 
over the plasma generation region in the chamber 1, as 
shown in FIG. 15(a). Conversely, if the exhaust-side region 
of the Sample Stage 2 and the lower-Voltage region of the 
Single spiral coil 4 are positioned on the same Side and if the 
counter-exhaust-Side region of the sample Stage 2 and the 
higher-Voltage region of the Single spiral coil 4 are posi 
tioned on the Same Side, reactive radicals are unevenly 
distributed over the plasma generation region in the chamber 
1, with reactive radicals present in Smaller quantity in the 
area of the plasma generation region in the chamber 1 
corresponding to the exhaust-Side region of the Sample stage 
2 and to the lower-Voltage region of the Single spiral coil 4 
than in the area thereof corresponding to the counter 
exhaust-Side region of the Sample Stage 2 and to the higher 
Voltage region of the Single spiral coil 4. 

0031. The present invention has been achieved based on 
the foregoing findings and intends to evenly distribute 
reactive radicals over the plasma generation region in the 
chamber 1 by positioning the higher-Voltage region of the 
Spiral coil and the exhaust-Side region of the Sample Stage on 
the same Side relative to the center axis of the chamber. 
While the conventional apparatus for plasma etching 
attributes importance only to applying a current of ions 
having a uniform density to the Semiconductor Substrate 3 
placed on the Sample Stage 2, the present invention attributes 
importance to Supplying uniform reactive radicals to the 
Semiconductor Substrate 3 placed on the Sample stage 2. 
0.032 Specifically, an apparatus for plasma etching 
according to the present invention comprises: a chamber; a 
gas inlet port provided in the chamber to introduce etching 
gas into the chamber; a gas outlet port provided in a side 
portion of the chamber to exhaust the gas from the chamber; 
a Sample Stage provided within the chamber; and a spiral coil 
disposed externally of the chamber and in opposing rela 
tionship with the Sample Stage to generate a plasma com 
posed of the etching gas with a high-frequency induction 
field, a higher-Voltage region of the Spiral coil and an 
exhaust-Side region of the Sample Stage being positioned on 
Substantially the Same Side relative to a center axis of the 
chamber. 

0.033 When the higher-voltage region of the spiral coil 
and the exhaust-Side region of the Sample Stage are posi 
tioned on Substantially the same Side, there are cases where 
the rotation angle 0 formed between the second line L2 and 
the first line L1 which is rotating clockwise relative to the 
second line L2 is in the range of +135 to +180°, i.e., the 
overlapping angle is in the range of 135 to 180, as shown 
in FIG.16(a), or where the rotation angle 0 formed between 
the second line L2 and the first line L1 which is rotating 
clockwise relative to the Second line L2 is in the range of 
-135 to -180, i.e., the overlapping angle is in the range of 
135° to 180°, as shown in FIG. 16(b). 
0034). In the apparatus for plasma etching according to 
the present embodiment, the higher-Voltage region of the 
Spiral coil and the exhaust-Side region of the sample stage 
are positioned on Substantially the same Side relative to the 
center axis of the chamber So that the lower-Voltage region 
of the Spiral coil and the counter-exhaust-Side region of the 
Sample stage are inevitably positioned on Substantially the 
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Same Side relative to the center axis of the chamber. Since 
the quantity of reactive radicals is relatively Small in the area 
of the plasma generation region in the chamber correspond 
ing to the lower-Voltage region of the Spiral coil and rela 
tively large in the area thereof corresponding to the counter 
exhaust-Side region of the Sample Stage, the quantity of the 
reactive ions is averaged in the area of the plasma generation 
region in the chamber corresponding to the lower-Voltage 
region and to the counter-exhaust-Side region of the Sample 
Stage. On the other hand, Since the quantity of reactive 
radicals is relatively large in the area of the plasma genera 
tion region in the chamber corresponding to the higher 
Voltage region of the Spiral coil and relatively Small in the 
area thereof corresponding to the exhaust-Side region of the 
Sample Stage, the quantity of the reactive ions is averaged in 
the area of the plasma generation region in the chamber 
corresponding to the higher-Voltage region and to the 
exhaust-Side-region of the Sample Stage. 

0035 Thus, the quantity of reactive radicals is averaged 
in each of the area of the plasma generation region in the 
chamber corresponding to the higher-Voltage region and to 
the exhaust-Side region and the area thereof corresponding 
to the lower-Voltage region and to the counter-exhaust-Side 
region, resulting in reactive radicals evenly distributed over 
the plasma generation region in the chamber. 
0036). In the apparatus for plasma etching according to 
the present invention, the Spiral coil is preferably a single 
Spiral coil having a planar configuration or a domed con 
figuration. 

0037. In the apparatus for plasma etching according to 
the present invention, the Spiral coil is preferably the longest 
one of a plurality of Spiral coils arranged in parallel with 
each other. 

0038. In the apparatus for plasma etching according to 
the present invention, high-frequency power applied to the 
Spiral coil is preferably higher than high-frequency power 
applied to the Sample Stage. 

0039. A method for plasma etching according to the 
present invention comprises: a plasma generating Step of 
changing etching gas introduced into a chamber into a 
plasma with a high-frequency induction field generated by a 
Spiral coil disposed in opposing relation with a Sample stage 
in the chamber, an etching Step of guiding the plasma toward 
a target film on a Substrate held by the Sample Stage to etch 
the target film; and a gas exhaust Step of exhausting gas from 
the chamber through a gas outlet port provided in a side 
portion of the chamber, the etching Step including the Step of 
guiding the plasma toward the target film to etch the target 
film with a higher-Voltage region of the Spiral coil and an 
exhaust-Side region of the Sample Stage being positioned on 
Substantially the Same Side relative to a center axis of the 
chamber. 

0040. In accordance with the method for plasma etching 
according to the present invention, the quantity of reactive 
radicals is averaged in each of the area of the plasma 
generation region in the chamber corresponding to the 
higher-Voltage region and to the exhaust-Side region and the 
area thereof corresponding to the lower-Voltage region and 
to the counter-exhaust-Side region, resulting in reactive 
radicals evenly distributed over the plasma generation 
region in the chamber. 
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0041. In the method for plasma etching according to the 
present invention, high-frequency power applied to the 
Spiral coil is preferably higher than high-frequency power 
applied to the Sample Stage. 
0042. In the method for plasma etching according to the 
present invention, the target film is preferably an organic 
film. 

0043. In the method for plasma etching according to the 
present invention, the target film is preferably an organic 
bottom anti-reflective coating or a resist film. 
0044) Thus, in the apparatus for plasma etching or 
method for plasma etching according to the present inven 
tion, the quantity of reactive radicals is averaged in each of 
the area of the plasma generation region in the chamber 
corresponding to the higher-Voltage region and to the 
exhaust-Side region and the area thereof corresponding to 
the lower-Voltage region and to the counter-exhaust-Side 
region, So that reactive radicals are evenly distributed over 
the plasma generation region in the chamber. Consequently, 
the etching rate for the target film on the substrate held by 
the Sample stage becomes uniform acroSS the Surface of the 
target film, while the inplane uniformity of the etching rate 
does not vary with different apparatus for plasma etching. 

BRIEF DESCRIPTION OF THE DRAWINGS 

004.5 FIGS. 1(a) and 1(b) show an apparatus for plasma 
etching according to a first embodiment of the present 
invention, of which FIG. 1(a) is a schematic plan view of a 
Single spiral coil and FIG. 1(b) is a schematic cross 
Sectional view of the apparatus for plasma etching, 
0.046 FIG. 2 is a schematic plan view of a chamber of the 
apparatus for plasma etching according to the first embodi 
ment, 

0047 FIG. 3 is a plan view showing a first specific 
example of the Single Spiral coil of the apparatus for plasma 
etching according to the first embodiment; 
0.048 FIG. 4 is a plan view showing a second specific 
example of the Single Spiral coil of the apparatus for plasma 
etching according to the first embodiment; 
0049 FIGS. 5(a) and 5(b) show an apparatus for plasma 
etching according to a Second embodiment of the present 
invention, of which FIG. 5(a) is a plan view thereof and 
FIG. 5(b) is a cross-sectional view thereof; 
0050 FIG. 6 shows the relationship between the unifor 
mity of an etching rate and an overlapping angle in a method 
for plasma etching according to the first and Second embodi 
ments, 

0051 FIG. 7 shows the relationship between the unifor 
mity of an etching rate and an overlapping angle in a method 
for plasma etching according to a third embodiment of the 
present invention; 
0.052 FIG. 8 shows the relationship between the unifor 
mity of an etching rate and an overlapping angle in a method 
for plasma etching according to a fourth embodiment of the 
present invention; 
0053 FIGS. 9(a) and 9(b) show an apparatus for plasma 
etching to according to a fifth embodiment of the present 
invention, of which FIG. 9(a) is a schematic plan view of a 
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single spiral coil and FIG. 9(b) is a schematic cross 
Sectional view of the apparatus for plasma etching, 

0054 FIG. 10 is a schematic cross-sectional view of a 
conventional apparatus for plasma etching; 

0055 FIG. 11 is a plan view for illustrating lower 
Voltage and higher-Voltage regions of a single Spiral coil in 
an apparatus for plasma etching according to the present 
invention; 

0056 FIG. 12 is a plan view for illustrating exhaust-side 
and counter-exhaust-Side regions of a Sample stage in the 
apparatus for plasma etching according to the present inven 
tion; 

0057 FIG. 13 illustrates a rotation angle formed between 
a first line Separating the lower-Voltage and higher-Voltage 
regions of the Single spiral coil and a Second line Separating 
the exhaust-Side and counter-exhaust-Side regions of the 
Sample Stage when the first line rotates relative to the Second 
line in the apparatus for plasma etching according to the 
present invention; 

0.058 FIG. 14(a) illustrates the distribution of reactive 
radicals over the exhaust-Side and counter-exhaust-Side 
regions of the Sample stage in the apparatus for plasma 
etching according to the present invention and FIG. 14(b) 
illustrates the distribution of reactive radicals over the 
lower-Voltage and higher-Voltage regions of the Single spiral 
coil in the apparatus for plasma etching according to the 
present invention; 

0059 FIG. 15(a) illustrates the distribution of reactive 
radicals over the exhaust-Side/higher-Voltage region and the 
counter-exhaust-Side/lower-Voltage region in the apparatus 
for plasma etching according to the present invention and 
FIG. 15(b) illustrates the distribution of reactive radicals 
over the exhaust-Side/lower-Voltage region and the counter 
exhaust-Side/higher-Voltage region in the apparatus for 
plasma etching according to the present invention; 

0060 FIGS. 16(a) and 16(b) show conditions required to 
position the higher-Voltage region of the Spiral coil and the 
counter-exhaust-Side region of the Sample Stage on Substan 
tially the same side relative to the center axis of the chamber 
in each of the embodiments of the present invention; 

0061 FIG. 17 illustrates the definition of the uniformity 
of an etching rate in the case of performing plasma etching 
by using the apparatus for plasma etching according to the 
present invention and the conventional apparatus for plasma 
etching; and 

0062 FIGS. 18(a) to 18(c) are cross-sectional views for 
illustrating a target film to be etched by a method for plasma 
etching according to the present invention and a conven 
tional method for plasma etching. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Embodiment 1 

0063 An apparatus and method for plasma etching 
according to a first embodiment of the present invention will 
be described with reference to FIGS. 1(a) and 1(b) and FIG. 
2. 
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0064. A cylindrical chamber 1 has an outer diameter of 
400 mm and a height of 300 mm, for example. The chamber 
1 has an inner wall covered with an insulator Such as 
ceramic, alumina, or quartz. A Sample Stage 2 as a lower 
electrode to which high-frequency power is applied is dis 
posed in the chamber 1. A Semiconductor Substrate 3 as a 
Sample to be etched is placed on the Sample Stage 2. The 
chamber 1 is internally provided with a plurality of gas inlet 
ports 8 for introducing etching gas into the chamber 1 which 
are dispersively positioned to Surround the Sample Stage 2. 
The side portion of the chamber 1 is provided with a gas 
outlet port 5 connected to a turbo pump for Setting pressure 
in the chamber 1 to the order or 0.1 Pa to 10 Pa. An 
inductively coupled Single coil 4 is disposed on a quartz 
plate 1a with a thickness of, e.g., 20 mm provided on the 
ceiling of the chamber 1 Such that the Single Spiral coil 4 is 
in opposed relationship with the Sample Stage 2. The Single 
Spiral coil 4 consists of three portions which are: a coil 
portion 4a contributing directly to the generation of a 
high-power induction field; a power-Source-Side withdrawn 
portion 4b positioned between the coil portion 4a and a 
high-frequency power Source 6; and a ground-side with 
drawn portion 4c positioned between the coil portion 4a and 
a ground Source 7. The power-Source-Side withdrawn por 
tion 4b of the Single spiral coil 4 is connected to the 
high-frequency power Source 6 for Supplying first high 
frequency power via a matching circuit (not shown). The 
ground-side withdrawn portion 4c of the Single spiral coil 4 
is connected to a wall of the chamber 1 and thereby 
grounded. The arrangement allows the Single Spiral coil 4 to 
generate a high-frequency induction filed So that etching gas 
introduced into the chamber 1 is changed into a plasma. The 
etching gas changed into the plasma is guided by Second 
high-frequency power applied to a Sample stage 2 toward a 
target film on the semiconductor substrate 3 held by the 
Sample stage 2 and etches the target film. 
0065. The first embodiment is characterized in that a 
higher-Voltage region which is the region of the Single spiral 
coil 4 relatively high in Voltage and an exhaust-Side region 
which is the region of the Sample Stage 2 closer to the gas 
outlet port 5 are positioned on the same side (left side of 
FIG. 1) relative to the center axis of the chamber 1, while 
a lower-Voltage region which is the region of the Single 
Spiral coil 4 relatively low in Voltage and a counter-exhaust 
Side region which is the region of the Sample Stage 2 further 
away from the gas outlet port 5 are positioned on the same 
side (right side of FIG. 1) relative to the center axis of the 
chamber 1. As a result, a rotation angle 0 formed between a 
Second line L2 and a first line L1 which is rotating clockwise 
relative to the second line L2 (see FIGS. 11 to 13) is 180°. 
0.066 Consequently, the quantity of reactive radicals dis 
tributed over the plasma generation region in the chamber 1 
is averaged in each of the area of the plasma generation 
region in the chamber 1 corresponding to the higher-Voltage 
region of the Single spiral coil 4 and to the exhaust-Side 
region of the Sample Stage 2 and the area thereof corre 
sponding to the lower-Voltage region of the Single Spiral coil 
4 and to the counter-exhaust-Side region of the Sample stage 
2, resulting in a uniform etching rate for the target film on 
the Semiconductor Substrate 3 held by the Sample Stage 2. 
0067. When plasma etching was performed with respect 
to the ARC 11 shown in FIG. 10 under the etching condi 
tions shown in Table 1 according to the first embodiment, the 

Mar. 21, 2002 

uniformity of the etching rate was +1.0% and there was no 
variation in etching rate with different apparatus for plasma 
etching. 

0068 The rotation angle 0 formed between the line L2 
and the first line L1 which is rotating clockwise relative to 
the second line L2 need not necessarily be 180. It was 
experimentally proved that the effect of improving the 
uniformity of the etching rate was achieved as long as the 
rotation angle 0 was in the range of +135 to +180° as 
shown in FIG.16(a) or in the range of -135 to -180°, i.e., 
as long as the overlapping angle was in the range of 135 to 
180. It was also experimentally proved that the effect of 
improving the uniformity of the etching rate was outstanding 
as long as the rotation angle 0 was in the range of +170 to 
+180° or in the range of -170 to -180, i.e., as long as the 
overlapping angle was in the range of 170 to 180. 
0069 FIG. 3 shows a first specific example of the single 
Spiral coil 4 in the apparatus for plasma etching according to 
the first embodiment. The Single spiral coil 4 is composed of 
a Square pipe of copper having an inner diameter of ys inches 
(about 0.95 cm), wherein a=1.2 cm, b=1.3 cm, c=2.5 cm, 
d=5.1 cm, e=8.8 cm, f=12.5 cm, and g=15.0 cm. The single 
Spiral coil 4 may also be formed of a conductor other than 
copper or may also be composed of a round pipe instead of 
the Square pipe. 
0070. As shown in FIG. 3, the coil portions 4a of the 
Single spiral coil 4 has been divided into Segments A1, A2, 
and A3 composing the higher-Voltage region and into Seg 
ments B1, B2, and B3 composing the lower-Voltage region. 
Since a mean potential difference between the ground Volt 
age and a Voltage acroSS each of the Segments A1, A2, and 
A3 is higher than a mean potential difference between the 
ground Voltage and a Voltage acroSS each of the Segments 
B1, B2, and B3, a DC bias component and a high-frequency 
induction field placed by a capacitively-coupled plasma 
component generated from the higher-Voltage region of the 
coil portion 4aon the quartz plate 1a is intenser than a DC 
bias component and a high-frequency induction field placed 
by a capacitively coupled plasma component generated from 
the lower-Voltage region of the coil portion 4a on the quartz 
plate 1a. 
0071 FIG. 4 shows a second specific example of the 
Single spiral coil 4 in the apparatus for plasma etching 
according to the first embodiment. The Single spiral coil as 
the Second Specific example is slightly different in plan 
Structure from the Spiral coil 4 as the first Specific example. 
That is, the Single spiral coil 4 is held by an insulating coil 
holder 9 having a crisscroSS configuration. The coil portion 
4a of the single spiral coil 4 is placed on the coil holder 9 
via an insulator, while the power-Source-Side withdrawn 
portion 4b of the Single Spiral coil 4 is bent inwardly at an 
outer circumferential point to extend through the interior of 
the coil holder 9 from the lower side to the upper side. After 
circulating by about 120, the power-source-side withdrawn 
portion 4b is connected to the high-frequency power Source 
6 at the center portion of the coil holder 9. 

Embodiment 2 

0072 An apparatus and method for plasma etching 
according to a Second embodiment of the present invention 
will be described with reference to FIGS. 5(a) and 5(b). 
Since the plan configuration of the chamber 1, the Sample 
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Stage 2, the gas inlet port 8, and the gas outlet port 5 used 
in the Second embodiment are the same as used in the first 
embodiment, the description thereof will be omitted. 
0073. The second embodiment is characterized in that a 
dome-shaped quartz, 1a is provided on the ceiling of the 
chamber 1. A plurality of Spiral coils consisting of, e.g., first, 
Second, and third spiral coils 4A, 4B, and 4C are disposed 
on the dome-shaped quartz 1a to be in opposing relationship 
with the sample stage 2. The first to third spiral coils 4A to 
4C are disposed in parallel in the radial direction, while they 
are mutually shifted in position by 120 in the circumfer 
ential direction. Each of the first to third spiral coils 4A to 
4C has Such a length as to allow it to make approximately 
1.25 turns of winding. 
0.074. In the case of using the structure in which the 
plurality of Spiral coils are arranged in parallel as used in the 
Second embodiment, reactive radicals are evenly distributed 
over the plasma generation region in the chamber when the 
higher-Voltage region of the first Spiral coil 4A disposed in 
the Outermost position and having a maximum length and 
the exhaust-Side region of the Sample Stage 2 are positioned 
on the same Side relative to the center axis of the chamber 
and the lower-Voltage region of the first Spiral coil 4A and 
the counter-exhaust-Side region of the Sample stage 2 are 
positioned on the same Side relative to the center axis of the 
chamber, resulting in a uniform etching rate for the target 
film on the semiconductor substrate 3 held by the sample 
Stage 2. 
0075 Referring to FIG. 6, a description will be given to 
the dependence of the uniformity of the etching rate on the 
overlapping angle between the higher-Voltage region and the 
exhaust-Side region in the method for plasma etching 
according to the Second embodiment. 
0076 FIG. 6 shows the relationship between the unifor 
mity of the etching rate and the overlapping angle in the 
method for plasma etching according to the first embodi 
ment (ICP with the planar single spiral coil) and in the 
Second method for plasma etching according to the Second 
embodiment (ICP with a dome-shaped 3-member spiral 
coil). Conditions for the plasma etching process are as 
shown in Table 4. In Table 4, ICP denotes high-frequency 
power applied to the Single spiral coil 4 or to the first to third 
Spiral coils 4A to 4C and RF denotes high-frequency power 
applied to the Sample Stage 2. 

TABLE 4 

SO/O, 30/30 (sccm) 
ICP/RF 350/50 (W) 
PRESSURE 8 (mTorr) 
TEMPERATURE OF 10 ( C.) 
SAMPLE STAGE 

0077. As shown in FIG. 6, the uniformity of the etching 
rate gradually improves as the overlapping angle approaches 
180° 

0078. The reason for the gradual improvement in the 
uniformity of the etching rate with the overlapping angle 
approaching 180 is that since the higher-voltage region (or 
lower-Voltage region) of the Single spiral coil 4 and the 
higher-voltage regions (or lower-Voltage regions) of the first 
to third spiral coils 4A to 4C coincide with the exhaust-side 
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region of the sample stage 2 (or with the counter-exhaust 
Side region), as described above, reactive radicals are evenly 
distributed over the plasma generation region in the chamber 
1, resulting in a uniform etching rate for the target film on 
the Semiconductor Substrate 3 held by the Sample Stage 2. 

Embodiment 3 

0079 An apparatus and method for plasma etching 
according to a third embodiment of the present invention 
will be described with reference to FIGS. 1(a) and 1(b), 
FIG. 7, and FIG. 18(b). 
0080. In the third embodiment in which dry etching is 
performed with respect to a polysilicon film 13 deposited on 
a Silicon oxide film 12 overlying a Semiconductor Substrate 
10 by using the apparatus for plasma etching according to 
the first embodiment as shown in FIG. 18(b), considerations 
will be given to the dependence of the uniformity of the 
etching rate on the overlapping angle between the higher 
Voltage region and the exhaust-Side region. ProceSS condi 
tions for dry etching are as shown in Table 5. In Table 5, ICP 
denotes high-frequency power (hereinafter referred to as 
ICP power) applied to the single spiral coil 4, RF denotes 
high-frequency power (hereinafter referred to as RF power) 
applied to a Sample Stage 2, and X denotes the magnitude of 
ICP power. 

TABLE 5 

HBr/Cl, 100/100 (sccm) 
ICP/RF X/100 (W) 
PRESSURE 10 (mTorr) 
TEMPERATURE OF 50 (C.) 
SAMPLE STAGE 

0081 FIG. 7 shows the dependence of the uniformity of 
the etching rate on the overlapping angle between the 
higher-Voltage region and the exhaust-Side region in the case 
of varying the ICP power x to 100, 250, and 400W with the 
RF power held at 100 W. As will be understood from FIG. 
7, the uniformity of the etching rate gradually decreases as 
the Overlapping angle between the higher-Voltage region and 
the exhaust-Side region approaches 180, while the depen 
dence of the uniformity of the etching rate on the Overlap 
ping angle increases as the ICP power is larger, i.e., as the 
ratio of the ICP power to the RF power is larger. This is 
because the amount of plasma present in the plasma gen 
eration region increaseS as the ratio of the ICP power to the 
RF power increases so that the distribution of radicals in the 
plasma has greater influence on the uniformity of the etching 
rate. 

Embodiment 4 

0082) An apparatus and method for plasma etching 
according to a fourth embodiment of the present invention 
will be described with reference to FIGS. 1(a) and 1(b), 
FIG. 8, and FIG. 18(c). 
0083. In the fourth embodiment in which dry etching is 
performed with respect to a tungsten Silicon film 14 depos 
ited on a Silicon oxide film 12 Overlying a Semiconductor 
Substrate 10 by using the apparatus for plasma etching 
according to the first embodiment as shown in FIG. 18(c), 
considerations will be given to the dependence of the 
uniformity of the etching rate on the overlapping angle 
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between the higher-Voltage region and the exhaust-Side 
region. Process conditions for dry etching are as shown in 
Table 6. In Table 6, the denotations of ICP and RF are the 
Same as in Table 5and y denotes preSSure in the chamber 1. 

TABLE 6 

Cl2fO2 100/5 (sccm) 
ICP/RF 300/100 (W) 
PRESSURE y (mTorr) 
TEMPERATURE OF 50 (C.) 
SAMPLE STAGE 

0084 FIG. 8 shows the dependence of the uniformity of 
the etching rate on the overlapping angle between the 
higher-Voltage region and the exhaust region in the case of 
varying the pressure at the center portion in the chamber 1 
(in the vicinity of the boundary between the exhaust-side 
region and the counter-exhaust-side region) to 5, 10, 30 
mTorr. As will be understood from FIG. 8, the uniformity of 
the etching rate gradually decreases as the overlapping angle 
between the higher-Voltage region and the exhaust-Side 
region approaches 180, while the dependence of the uni 
formity of the etching rate on the overlapping angle 
increases as the pressure in the chamber 1 is lower. This is 
because the mean free paths of radicals in the plasma are 
longer as the pressure inside the chamber 1 is lower, i.e., as 
the amount of the plasma present in the plasma generation 
region in the chamber 1 is smaller so that the distribution of 
radicals in the plasma has greater influence on the unifor 
mity of the etching rate. 

Embodiment 5 

0085. An apparatus and method for plasma etching 
according to a fifth embodiment of the present invention will 
be described with reference to FIGS. 9(a) and 9(b). As for 
the same components as used in the first embodiment, the 
description thereof will be omitted by providing the same 
reference numerals. 

0.086 The fifth embodiment is characterized in that a 
lower-Voltage Voltage region which is the region of the 
Single spiral coil 4 relatively low in Voltage and an exhaust 
Side region which is the region of the Sample Stage 2 closer 
to the gas outlet port 5 are positioned on the same side (left 
side of FIG.9) relative to the center axis of the chamber 1, 
while a higher-Voltage region which is the region of the 
Single spiral coil 4 relatively high in Voltage and a counter 
exhaust-Side region which is the region of the Sample stage 
2 further away from the gas outlet port 5 are positioned on 
the same side (right side of FIG.9) relative to the center axis 
of the chamber 1. As a result, the degree of the rotation angle 
0 (see FIGS. 1 to 13) formed between the line L2 and the line 
L1 which is rotating clockwise relative to the Second line L2 
S. Z.CO. 

0.087 Accordingly, the quantity of reactive radicals is 
Smaller in the area of the plasma generation region in the 
chamber 1 corresponding to the lower-Voltage region of the 
Single spiral coil 4 and to the exhaust-Side region of the 
Sample stage 2, while the quantity of reactive radicals is 
larger in the area of the plasma generation region corre 
sponding to the higher-Voltage region of the Single Spiral coil 
4 and to the counter-exhaust-Side region of the Sample stage 
2. Consequently, reactive radicals are unevenly distributed 
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over the plasma generation region in the chamber 1 and 
therefore the etching rate for a target film on the Semicon 
ductor Substrate 3 held by the Sample Stage 2 is not uniform. 
The etching rate is lower in the area of the plasma generation 
region in the chamber 1 corresponding to the lower-Voltage 
region of the Single spiral coil 4 and to the exhaust-Side 
region of the chamber 1, while the etching rate is higher in 
the area of the plasma generation region in the chamber 1 
corresponding to the higher-Voltage region of the Single 
Spiral coil 4 and to the counter-exhaust-Side region of the 
Sample Stage 2. Although the etching rate for the target film 
on the Semiconductor Substrate 3 held by the Sample Stage 2 
is not uniform, variations in etching rate from apparatus to 
apparatus for plasma etching are reduced. 
0088. When plasma etching was performed with respect 
to the ARC 11 shown in FIG. 18(a) according to the fifth 
embodiment under the conditions shown in Table 1, the 
uniformity of the etching rate was 7.8% but the etching rate 
did not vary with different apparatus for plasma etching. 
0089. In each of the above embodiments, the type of the 
target film does not present a particular problem. It will be 
appreciated that the same effects can be achieved with any 
of the ARC, a resist film, a silicon-based film, a nitride-based 
film, a metal alloy film, a ferroelectric film, and the like. 
What is claimed is: 

1. An apparatus for plasma etching, comprising: 
a chamber; 
a gas inlet port provided in said chamber to introduce 

etching gas into Said chamber; 
a gas outlet port provided in a side portion of Said 

chamber to exhaust the gas from Said chamber; 
a Sample Stage provided within Said chamber, and 
a spiral coil disposed externally of Said chamber and in 

opposing relationship with Said Sample Stage to gener 
ate a plasma composed of Said etching gas with a 
high-frequency induction field, 

a higher-Voltage region of Said Spiral coil and an exhaust 
Side region of Said Sample Stage being positioned on 
Substantially the same side relative to a center axis of 
Said chamber. 

2. An apparatus for plasma etching according to claim 1, 
wherein Said spiral coil is a single spiral coil having a planar 
configuration or a domed configuration. 

3. An apparatus for plasma etching according to claim 1, 
wherein Said spiral coil is the longest one of a plurality of 
Spiral coils arranged in parallel with each other. 

4. An apparatus for plasma etching according to claim 1, 
wherein high-frequency power applied to Said spiral coil is 
higher than high-frequency power applied to Said Sample 
Stage. 

5. A method for plasma etching, comprising: 
a plasma generating step of changing etching gas intro 

duced into a chamber into a plasma with a high 
frequency induction field generated by a spiral coil 
disposed in opposing relation with a Sample Stage in 
Said chamber; 

an etching Step of guiding the plasma toward a target film 
on a Substrate held by Said Sample stage to etch Said 
target film; and 
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a gas exhaust Step of exhausting gas from Said chamber 
through a gas outlet port provided in a Side portion of 
Said chamber, 

Said etching Step including the Step of guiding the plasma 
toward Said target film to etch Said target film with a 
higher-Voltage region of Said spiral coil and an exhaust 
Side region of Said Sample Stage being positioned on 
Substantially the same Side relative to a center axis of 
Said chamber. 
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6. A method for plasma etching according to claim 5, 
wherein high-frequency power applied to Said spiral coil is 
higher than high-frequency power applied to Said Sample 
Stage. 

7. A method for plasma etching according to claim 5, 
wherein Said target film is an organic film. 

8. A method for plasma etching according to claim 5, 
wherein Said target film is an organic bottom anti-reflective 
coating or a resist film. 

k k k k k 


