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(57) ABSTRACT 

An antenna electrode having a substantially circular shape, 
is arranged on a plane of a processing Vessel, Which is 
located opposite to a stage for mounting a sample Within the 
processing Vessel, and positioned parallel to the stage. An 
emission monitor monitors emission intensity of plasma 
present in at least 3 different points along a radial direction 
of the antenna electrode. A control unit adjusts an energizing 
current supplied to an external coil for forming a magnetic 
?eld Within the processing Vessel. The control unit adjusts 
the energizing current supplied to the external coil based 
upon the monitoring result obtained from the emission 
monitor so as to control the emission intensity of the plasma 
to become uniform emission intensity. 
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PLASMA PROCESSING APPARATUS CAPABLE OF 
CONTROLLING PLASMA EMISSION INTENSITY 

BACKGROUND OF THE INVENTION 

[0001] The present invention generally relates to a plasma 
processing technique. More speci?cally, the present inven 
tion is directed to a plasma processing technique capable of 
uniformly processing samples. 
[0002] In semiconductor device manufacturing methods, 
plasma processing apparatus have been Widely used in ?lm 
forming steps and etching steps. As to these plasma pro 
cessing apparatus, high-precision processing operaitons and 
mass production stabilities are required in correspondence 
With devices Which should be manufactured in very ?ne 
manners. On the other hand, diameters of Wafers to be 
processed are being enlarged in vieW of improvements in 
productivity. NoWadays, the major Wafer diameter becomes 
300 mm. In correspondence With large diameters of Wafers, 
higher processing uniformity Within planes of Wafers is 
required in these plasma processing apparatus. 

[0003] A factor Which may give the largest in?uence to the 
processing uniformity is uniformity of plasma. To control 
plasma distributions in order to obtain uniform plasma, tWo 
different methods have been proposed. That is, as to one 
method, While tWo sets, or more sets of high frequency 
poWer systems are prepared so as to generate plasma, a ratio 
of supplying electric poWer to these high frequency poWer 
systems is controlled, and as to the other method, mutual 
reactions betWeen magnetic ?elds and electromagnetic 
Waves are employed. 

[0004] Also, such an idea of a plasma processing appara 
tus equipped With a plasma monitoring means has been 
processed. For instance, JP-A-8-l 67588 describes that While 
a current is supplied to an auxiliary coil in response to a 
comparison result betWeen the reference distribution condi 
tion and a distribution condition of plasma density acquired 
from the plasma monitoring means, the plasma contained in 
a reaction chamber is brought into the reference distribution 
condition. 

[0005] Further, JP-A-7-86l79 discloses that While emis 
sion distributions of plasma are acquired from detection 
signals of photosensors, supplying of electric poWer to the 
respective antennas is controlled in such a manner that the 
acquired emission distributions may become a uniform 
distribution. 

SUMMARY OF THE INVENTION 

[0006] In the plasma processing apparatus described in 
JP-A-8-l67588, the uniformity as to plasma is monitored by 
processing image signals derived from a CCD camera. 
HoWever, a huge amount of cost is required in order to 
realiZe the monitoring method shoWn in this plasma pro 
cessing apparatus, and complex operations are required 
When image processing operations are carried out. As a 
consequence, this conventional plasma processing apparatus 
can be hardly applied to semiconductor manufacturing appa 
ratus used in mass production. Also, in order that plasma is 
captured as an image by using the CCD camera, a relatively 
large-siZed WindoW must be mounted on a Wall of a vacuum 
vessel. HoWever, if such a large-siZed WindoW is mounted, 
then the uniformity of plasma is deteriorated. Also, depos 

Aug. 3,2006 

ited ?lms are adhered and/or are scratched on the above 
described WindoW, so that these deposited ?lms may fog up 
the WindoW itself. As a result, the WindoW of the vacuum 
vessel provided in this conventional plasma processing 
apparatus may not be possibly used for a long time period. 

[0007] On the other hand, the plasma processing apparatus 
described in JP-A-7-86l79 oWns a merit as to cost and 
simple operations, as compared With the above-explained 
plasma processing apparatus equipped With the CCD cam 
era. HoWever, in the conventional plasma processing appa 
ratus of JP-A-7-86l79, no care should be taken in long-term 
stabilities thereof When this conventional plasma processing 
apparatus is applied to mass production apparatus. Also, the 
conventional plasma processing apparatus of JP-A-7-86l79 
cannot be properly used so as to manufacture semiconductor 
devices in very ?ne manners. In other Words, there is such 
a reason that this conventional plasma processing apparatus 
employs the frequency range of approximately 2.45 GHZ as 
the electromagnetic Waves used to generate the plasma. 
Although the publication of JP-A-7-86l79 does not clearly 
describe the frequency under use, this publication apparently 
employs such a technical background that microWaves are 
employed so as to generate the plasma because of the 
folloWing technical points. That is, the triangular plates are 
combined With respect to the plural antennas, and the helical 
antenna is employed. Further, the uniformity of plasma can 
be controlled based upon the lengths of the cables Which 
connect these plural antennas to the poWer supply. 

[0008] The electron temperatures in the plasma sources 
using the microWaves are increased, so that the dissociation 
of the processing gas is excessively progressed. As a result, 
as to the long-term stability, there is such a demerit that 
selectivity of the mask and substrate is deteriorated. In other 
Words, if such a plasma source using the microWaves as 
shoWn in JP-A-7-86l79 is employed in a plasma processing 
apparatus, then this plasma processing apparatus can hardly 
manufacture current semiconductor devices in very ?ne 
manners. 

[0009] In addition, the publication of JP-A-7-86l79 
describes that the electric poWer supplied to the respective 
antennas is controlled as the means for adjusting the plasma 
distributions in response to the signals derived from the 
monitor. HoWever, the folloWing means can be hardly real 
iZed in an actual case. That is, it is practically di?icult that 
high frequency poWer for generating plasma in frequency 
ranges from several tens of MHZ to several GHZ is subdi 
vided in high precision, and a subdividing ratio of this high 
frequency poWer is control in a simple manner. As a result, 
under a practically acceptable condition, plural sets of high 
frequency poWer supplies Whose quantity is equal to a total 
number of these antennas must be equipped. This may also 
increase the total cost. 

[0010] The present invention has been made to solve these 
problems of the above-described conventional techniques, 
and therefore, has an object to provide a plasma processing 
technique capable of processing samples in a uniform man 
ner in correspondence With very ?ne devices. 

[0011] To solve the above-described problems, a plasma 
processing apparatus, according to an aspect of the present 
invention, is featured by comprising: a processing vessel, the 
pressure of Which can be loWered; a stage for mounting a 
sample Within the processing vessel; an antenna electrode 
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having a substantially circular shape, arranged on a plane of 
the processing vessel, Which is located opposite to the stage, 
and positioned parallel to the stage; a gas conducting unit for 
supplying processing gas into the processing vessel; an 
external coil Which forms a magnetic ?eld Within the pro 
cessing vessel and produces plasma Within the processing 
vessel due to a mutual reaction occurred betWeen the formed 
magnetic ?eld and an electromagnetic Wave radiated from 
the antenna electrode; an emission monitor for monitoring 
emission intensity of plasma present in at least 3 different 
points along a radial direction of the antenna electrode; and 
a control unit for adjusting an energiZing current supplied to 
the external coil; in Which the control unit adjusts the 
energiZing current supplied to the external coil based upon 
the monitoring result obtained from the emission monitor so 
as to control the emission intensity of the plasma to become 
uniform emission intensity. 

[0012] Since the plasma processing apparatus of the 
present invention is arranged With the above-described 
structural elements, such a plasma processing technique 
capable of uniformly plasma-processing very ?ne devices in 
high precision can be provided. 

[0013] Other objects, features and advantages of the 
invention Will become apparent from the folloWing descrip 
tion of the embodiments of the invention taken in conjunc 
tion With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWING 

[0014] FIG. 1 is an explanatory diagram for explaining a 
plasma processing apparatus according to an embodiment of 
the present invention; 

[0015] FIG. 2A and FIG. 2B are diagrams for graphically 
explaining processing speed distributions Within planes of 
Wafers; 
[0016] FIG. 3 is an explanatory diagram for illustratively 
explaining an example in Which a monitor unit is arranged 
on a side plane of a processing vessel 1; 

[0017] FIG. 4 is a diagram for graphically representing an 
example of an etching result obtained in the case that a ?at 
sample of a silicon oxide ?lm is etched by employing 
mixture gas made of C4F8/Ar/O2 by the plasma processing 
apparatus shoWn in FIG. 1; and 

[0018] FIG. 5 is an explanatory diagram for graphically 
explaining a correspondence relationship betWeen unifor 
mity of an emission intensity distribution monitored by the 
monitor unit of the plasma processing apparatus shoWn in 
FIG. 1, and uniformity of an actual etching rate distribution. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

[0019] Referring noW to draWings, best embodiment 
modes of the present invention Will be described. FIG. 1 is 
a diagram for explaining a plasma processing apparatus 
according to an embodiment of the present invention. As 
represented in this draWing, a Wafer mount-purpose stage 2, 
the temperature of Which has been conditioned by a tem 
perature conditioning apparatus 18, is provided inside a 
vacuum processing chamber 1 having a gas conducting unit 
10, While the vacuum processing chamber 1 has been 
vacuum-exhausted, and a substantially circular shaped 
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antenna electrode 7 is provided on a plane Which is located 
opposite to this Wafer mount-purpose stage 2, and the 
antenna electrode 7 is positioned parallel to the stage 2. High 
frequency poWer is supplied by a ?rst high frequency poWer 
supply 11 via a ?rst matching device 12 to the antenna 
electrode 7, and then plasma is generated by Way of a mutual 
reaction betWeen electromagnetic Waves radiated from the 
antenna electrode 7 and magnetic ?elds Which are formed by 
an external coil 6 and a yoke 5. Under this condition, a high 
frequency bias voltage is supplied from a second high 
frequency poWer supply 13 via a second matching device 14 
to a Wafer 3 to be processed, so that a plasma processing 
operation can be carried out. The second high frequency 
poWer supply 13 has been connected to the Wafer mount 
purpose stage 2. 

[0020] A third high frequency poWer supply 16 has been 
connected via both a ?lter unit 15 and a third matching 
device 17 to the antenna electrode 7. Also, both a gas 
distributing plate 8 and a shoWer plate 9 have been installed 
so as to uniformly supply the gas conducted from the gas 
conducting unit 10 to the vacuum processing chamber 1. 

[0021] While a monitoring unit 30 for monitoring an 
emission distribution from plasma has been provided With 
the antenna electrode 7, the emission distribution acquired 
by the monitoring unit 30 is inputted via an optical ?ber 31 
to a detecting unit 32. An emission distribution signal 
detected by the detecting unit 32 is entered to a control unit 
33. The control unit 33 controls DC poWer supplies 21 and 
22 in response to the acquired emission distribution. 

[0022] Next, the respective structural elements of the 
plasma processing apparatus according to this embodiment 
Will noW be described in detail. 

[0023] First, a description is made of structural elements 
provided around the antenna electrode 7. A frequency of the 
?rst high frequency poWer supply 11 Which is employed so 
as to generate and maintain plasma just above the Wafer 3 to 
be processed is selected to be frequencies betWeen 100 MHZ 
and 500 MHZ. If the selected frequency is excessively loW, 
then a plasma stability in the sub-Pascal pressure region is 
deteriorated, and also, plasma density Which is suf?ciently 
high for plasma processing operation cannot be obtained. On 
the other hand, if the selected frequency is excessively high, 
then non-uniformity of plasma may become conspicuous 
due to such a fact that a Wavelength of an electromagnetic 
Wave becomes short. Also, in the microWave range, electron 
temperature is increased, and excessive dissociation of pro 
cessing gas may occur. 

[0024] As a consequence, since the above-explained fre 
quency range (namely, from 100 MHZ to 500 MHZ) is 
employed, such a plasma Whose density is medium may be 
generated just above a Wafer in a high ef?ciency in pressure 
regions de?ned from 0.2 Pa to 20 Pa Which are employed in 
plasma processing operation. In the example of FIG. 1, the 
frequency of the ?rst high frequency poWer supply has been 
selected to be 200 MHZ. 

[0025] It should also be understood that as to the plasma 
generated by the electromagnetic Waves in the above-ex 
plained frequency range, the electron temperature thereof is 
loWer than that of microWave ECR plasma, or inductively 
coupled plasma, and thus, there is such an effect that 
excessive dissociation of processing gas can be avoided. 
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[0026] NoW, a description is made of such an example that 
an insulating ?lm such as a silicon oxide ?lm is etched. 
Since multiple dissociation is caused to occur by plasma 
having a high electron temperature, CF-series gas Which is 
employed to etch the insulating ?lm produces a large amount 
of F (Fluorine) radicals Which loWers the selectivity of the 
insulating ?lm to a silicon nitride ?lm as an etch-stop layer, 
or to a resist as a mask material. However, as to the plasma 
Which has been generated in the above-described frequency 
range, the electron temperature thereof is loW, so that the 
plasma may be generated in the medium density by properly 
adjusting source poWer, and such a dissociation condition 
suitable for high selectivity process can be realiZed. 

[0027] Also, if a material of a surface of the antenna 
electrode 7 Which is made in contact With plasma is properly 
contrived, then a further improvement of a selectivity may 
be expected. In the example of FIG. 1, the shoWer plate 9 
made of silicon Was employed on the surface of the antenna 
electrode 7 on the side of the stage 2. Several hundreds of 
very ?ne holes Whose diameters are selected to be approxi 
mately 0.3 mm to 0.8 mm have been pierced in the shoWer 
plate 9 made of silicon. Furthermore, such a gas distributing 
plate 8 has been installed betWeen the shoWer plate 9 and the 
antenna electrode 7, in Which several hundreds of very ?ne 
holes Whose diameters are selected to be approximately 0.3 
mm to 1.5 mm have been pierced. While a space betWeen the 
gas distributing plate 8 and the antenna electrode 7 consti 
tutes a buffer chamber of the processing gas, the processing 
gas supplied from the gas supplying system 10 is uniformly 
conducted via both the gas distributing plate 8 and the 
shoWer plate 9 made of silicon into the processing chamber. 

[0028] It should also be noted that When the silicon oxide 
?lm, or the like is etched by employing the plasma process 
ing apparatus of FIG. 1, the beloW-mentioned gas is mixed 
With each other to be used as the processing gas: That is, the 
CF-series gas such as C4F8, CSFS, C4F6, C3F6, CF4, CHF3, 
CH2F2, and CH3F; buffer gas such as Ar, Xe, and N2; and 02 
are mixed With each other. In addition, With respect to such 
a process Which requires a higher selectivity, CO gas is 
added to the above-explained gas series, and the resulting 
gas series is employed. 

[0029] As a merit that the surface material of the antenna 
electrode 7 Which is contacted to the plasma is made of 
silicon, the F (Fluorine) radicals contained in the gas phase, 
Which may cause the selectivity to be loWered When the 
silicon oxide ?lm is etched, can be removed due to reactions 
betWeen silicon and the F radicals. 

[0030] Also, in the example shoWn in this draWing, the 
third high frequency poWer supply 16 for the antenna 
biasing operation has been connected to the antenna elec 
trode 7 via the ?lter unit 15 and the third matching device 17. 
In this case, the frequency of the third high frequency poWer 
supply 16 for the antenna biasing operation is selected to be 
preferably frequencies betWeen 100 KHZ and 20 MHZ, and 
is selected to be more preferably frequencies betWeen 400 
KHZ and 13.56 MHZ in order not give an adverse in?uence 
to the plasma generated by the ?rst high frequency poWer. 
The ?lter unit 15 may suppress that the ?rst high frequency 
poWer is detoured to the third high frequency poWer supply 
16, and also, the third high frequency poWer of the third high 
frequency poWer supply 16 is detoured to the ?rst high 
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frequency poWer supply 11. In this example, the frequency 
of the third high frequency poWer supply 16 has been 
selected to be 4 MHZ. 

[0031] As previously explained, since the antenna bias 
voltage is applied by employing the third high frequency 
poWer supply 16, the reactions for removing the F radicals 
on the surface of the antenna electrode 7 can be controlled 
in the independent manner With respect to the plasma 
density. As a result, very ?ne patterns can be formed in high 
precision. 
[0032] In the example of FIG. 1, the silicon material has 
been employed as the surface of the antenna electrode 7 on 
the side of the stage 2. Other materials may be alternatively 
employed, depending upon subjects to be etched, for 
instance, silicon carbide, glassy carbon, quartZ, AnodiZed 
Aluminum, polyimide, and the like may be employed. 

[0033] It should also be noted that the temperatures of the 
antenna electrode 7 and the side Wall of the processing 
vessel 1 are controlled at constant temperatures. As a result, 
the process performance can be kept for a long time under 
stable condition. 

[0034] Next, a description is made of arrangements pro 
vided around the Wafer mount-purpose stage 2. The second 
high frequency poWer supply 13 has been connected to this 
stage 2, While the second high frequency poWer supply 13 is 
used to apply the high frequency bias voltage to a Wafer so 
as to draW ions to the Wafer. A frequency of this second high 
frequency poWer supply 13 is selected to be preferably 
frequencies betWeen 100 KHZ and 20 MHZ, and is selected 
to be more preferably frequencies betWeen 400 KHZ and 
13.56 MHZ in order that an adverse in?uence is not given to 
the plasma generated by the ?rst high frequency poWer of 
the ?rst high frequency poWer supply 11, and also, the ions 
are draWn in a high ef?ciency. In the example shoWn in this 
draWing, the frequency of the second high frequency poWer 
supply 13 Was set to 4 MHZ. 

[0035] In order to further control a density distribution of 
activated seeds contained in a gas phase, a focus ring 4 
having a substantially ring shape has been arranged at an 
outer peripheral portion of the stage 2 in such a manner that 
this focus ring 4 surrounds the Wafer 3. In the example 
shoWn in this draWing, silicon has been employed as a 
material of the focus ring 4. It should also be understood that 
although the average density of the F radicals contained in 
the gas phase may be controlled by controlling the antenna 
bias voltage, since the focus ring 4 is equipped, the density 
distribution of the F radicals Within the plane of the Wafer 3 
can be precisely controlled. 

[0036] The F radicals Which have been generated by the 
multiple dissociation of the processing gas is also consumed 
by the resist on the surface of the Wafer 3. In the case that 
such a member capable of consuming the F radicals is not set 
in the outer-sided region of the Wafer 3, density of the F 
radicals as to an outer peripheral portion of the Wafer 3 
becomes higher, as compared With that as to a center portion 
of the Wafer 3. HoWever, the above-described focus ring 4 
may have an effect capable of suppressing this density 
increase. 

[0037] Furthermore, since Wafer biasing electric poWer is 
branched and applied to the focusing ring 4, the F radical 
density suppressing e?fect achieved at the outer peripheral 
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portion of the Wafer 3 can be increased. In the example 
shown in this drawing, silicon has been employed as the 
material of this focus ring 4. Other materials may be 
alternatively employed, depending upon subjects to be 
etched, for instance, silicon carbide, glassy carbon, quartz, 
Anodized Aluminum, polyimide, and the like may be 
employed. 

[0038] Although not shoWn in the draWing, tWo conduct 
ing passages for the processing gas may be alternatively 
employed, so that a distribution of the activated seeds 
contained in the gas phase may be controlled. 

[0039] Next, a description is made of a monitor control 
system for a plasma distribution. The monitor control system 
is provided With the monitoring unit 30, a detecting unit 32, 
and a control unit 33. 

[0040] The monitoring unit 30 plays a role of conducting 
plasma emission at a desirable position outside the process 
chamber 1. The monitoring unit 30 is constituted by arrang 
ing a rod made of quartz in such a manner that this quartz 
rod penetrates through both the antenna electrode 7 and the 
distributing plate 8. A loWer end of the quartz rod is 
positioned at the rear surface of the shoWer plate 9, While a 
plurality of light conducting holes Whose diameters are 
selected to be approximately 0.4 mm to 1.0 mm have been 
pierced in the shoWer plate 9 in such a manner that these 
light conducting holes are made coincident With the loWer 
end of the quartz rod. 

[0041] It is preferable to decrease a total number of the 
above-described light conducting holes, and also desirable 
to reduce the diameters of these light conducting holes in 
such a range that intensity of plasma emission can be 
measured in a quantitative manner. It should also be under 
stood that the above-explained light conducting holes may 
be alternatively replaced by the gas supplying holes pierced 
in the shoWer plate 9. 

[0042] Since such a structure is employed, the loWer end 
portion of the quartz rod is not directly exposed to the 
plasma, so that a change in light conducting amounts can be 
suppressed, While this light conducting amount change is 
caused by consumption, or sputtered spots of surfaces of the 
quartz rod, or a deposited article. In the example shoWn in 
this draWing, quartz has been employed as the material of 
the rod. Alternatively, heat resisting glass, a sapphire, and 
the like may be employed. Also, such a rod having a loWer 
end Which has been coated by a thin ?lm made of alumina, 
yttria, or yttrium may be alternatively employed instead of 
this quartz rod. Since such a rod having the thin-?lm coated 
loWer end is employed, durability With respect to such a 
plasma Which is slightly leaked via the light conducting 
holes may be improved. 

[0043] In the example shoWn in this draWing, since the 
plasma processing apparatus for processing such a Wafer 
Whose diameter is 300 mm is set as an initial condition, three 
pieces of the quartz rods have been arranged at a position 
(center portion) of a radius: 20 mm, another position (inter 
mediate portion) of a radius 80: mm, and a further position 
(outer peripheral portion) of a radius: 140 mm, Which are 
separated from the center of the antenna electrode 7. Alter 
natively, positions for arranging the quartz rods may be 
properly set, depending upon a Wafer size. Also, a total 
number of such quartz rods, namely a total point used to 
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monitor plasma emission is properly selected to be approxi 
mately 3 to 5 at radial positions. As apparent from the 
foregoing description, a 3-point monitoring method may 
have a merit of a cost aspect, Whereas a 5-point monitoring 
method may have a merit of a precision aspect. 

[0044] Next, a description is made as to a reason Why 
plasma emission must be monitored at three points at a 
minimum in order that the plasma processing apparatus 
according to this embodiment is capable of processing a 
Wafer Whose diameter is larger than, or equal to 300 mm. In 
this connection, FIG. 2 is an explanatory diagram for 
explaining distributions of processing speeds Within sur 
faces of Wafers. FIG. 2A is an explanatory diagram for 
explaining a distribution of processing speeds in a Wafer, the 
diameter of Which is smaller than, or equal to 150 mm. FIG. 
2B is an explanatory diagram for explaining a distribution of 
processing speeds in a Wafer, the diameter of Which is larger 
than, or equal to 300 mm. 

[0045] In a conventional plasma processing apparatus 
capable of processing a Wafer Whose diameter is smaller 
than, or equal to 150 mm, as shoWn in FIG. 2, there are 
many cases that the processing speed distribution Within the 
surface of the Wafer becomes either a simple convex distri 
bution or a simple concave distribution. That is, since the 
Wafer size is small, non-uniformity of plasma do not become 
conspicuous. On the other hand, as to the Wafer size having 
the diameter larger than, or equal to 300 mm, as represented 
in FIG. 2B, there are some possibilities that the processing 
speed distribution Within the Wafer surface may not become 
the above-described simple convex/concave distributions, 
but may become such complex distribution shapes as an 
M-shaped distribution, or a W-shaped distribution. In other 
Words, in order to de?ne these complex distribution shapes, 
three monitoring points are necessarily required at a mini 
mum. 

[0046] Subsequently, With respect to adverse in?uences 
given to judging accuracy as to uniformity of processing 
operations executed in monitoring points, investigation 
results thereof Will noW be explained. In this case, the 
expression “uniformity” corresponds to an amount Which is 
expressed by: (Max(Ri)—Min(Ri))/(Max(Ri)+ 
Min(Ri))*l00(%),i=l,2, - - - . Symbol “Ri” shoWs a pro 

cessing speed at a certain measurement point “i” on a Wafer. 

[0047] Among all of processed results (namely, 266 pro 
cessed results) under various conditions, Which Were 
acquired by employing the plasma processing apparatus 
capable of processing a Wafer Whose diameter is 300 mm, 
according to the embodiment of the present invention, there 
Were 74 processed results in Which uniformity of tWo 
monitoring points data as to a center portion and an outer 
peripheral portion Was smaller than, or equal to 15%. 
Among these processed results, there Were 38 processed 
results in Which processing uniformity Within the surface of 
the Wafer Was smaller than, or equal to 15%. On the other 
hand, there Were 47 processed results in Which uniformity of 
three monitoring points data as to a center, an intermediate 
portion, and an outer peripheral portion Was smaller than, or 
equal to 15%. 

[0048] That is to say, in the case that the uniformity of the 
2-monitoring points data is evaluated to become smaller 
than, or equal to 15%, a ratio of actual processing uniformity 
(smaller than, or equal to 15%) of the processing uniformity 
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Within the Wafer surface to the entire processing uniformity 
is only approximately 51%. In contrast, in the case that the 
uniformity of the 3-monitoring points data is evaluated to 
become equal to 15%, a ratio of actual processing unifor 
mity (smaller than, or equal to 15%) of the processing 
uniformity Within the Wafer surface to the entire processing 
uniformity may be improved to become 81%. As apparent 
from the foregoing explanation, if the monitoring points are 
increased from 3 points to 4 points, or 5 points, then 
accuracy can be furthermore increased. 

[0049] Also, in the example shoWn in this draWing, since 
the ?rst high frequency poWer of the ?rst high frequency 
poWer supply 11 is applied to the center of the antenna 
electrode 7, the monitoring-purpose quartz rod Which should 
be arranged at the center portion of the antenna electrode 7 
has been arranged at the radial position of 20 mm. Alterna 
tively, the poWer feeding unit of the ?rst high frequency 
poWer supply 11 may be slightly shifted from the center 
portion, the quartz rod of the center portion may be arranged 
at a radial position of zero mm. Further, the quartz rod of the 
center portion may be alternatively and slightly titled toWard 
a direction of r=0 mm. Even in any of the above-described 
alternative case, emission of the center portion of the Wafer 
may be acquired, so that monitoring precision may be 
increased. 

[0050] The emission from the plasma detected by the 
monitoring unit 30 is connected via an optical ?ber 31 to the 
detecting unit 32. The detecting unit 32 is constructed of 
three photodiodes. If any devices oWn functions capable of 
converting an optical signal into an electric signal, then the 
detecting unit 32 may employ not only such a photodiode, 
but also a CCD element, a photomultiplier, and the like. 
Alternatively, a spectroscope may be installed so as to 
monitor light in a spectroscopic manner. In this alternative 
case, not only a plasma distribution may be merely acquired, 
but also, a radial-direction distribution of a certain radical 
seed may be grasped. 

[0051] The emission information Which has been emitted 
from the plasma and has been converted into the electric 
signal is A/D-converted into digital emission data, and 
thereafter, this digital emission data is entered to the control 
unit 33. The control unit 33 controls a coil-energizing DC 
current source 21 and a coil-energizing DC current source 22 
based upon a plasma distribution. In the example shoWn in 
this draWing, the folloWing experimental fact is knoWn. That 
is, When a magnetic ?eld is made strong, plasma becomes an 
outer higher distribution, Whereas When a magnetic ?eld is 
made Weak, plasma becomes a center higher distribution. As 
a consequence, in the case that emission intensity in the 
center portion is high, the control unit 33 controls the 
coil-energizing DC current sources 21 and 22 along such a 
direction for strengthening the magnetic ?eld. Conversely, in 
the case that emission intensity in the outer peripheral 
portion is high, the control unit 33 controls the coil-ener 
gizing DC current sources 21 and 22 along such a direction 
for Weakening the magnetic ?eld. 

[0052] Alternatively, since coils of plural systems to 
Which different currents are supplied are employed, for 
instance, coils of tWo systems are employed, not only 
strengths of magnetic ?elds may be changed, but also shapes 
of magnetic force lines may be changed, so that the control 
unit 33 may control plasma distributions in higher precision. 
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In other Words, the control unit 33 may alternatively correct 
not only the simple outer higher distribution and the simple 
center higher distribution, but also may alternatively correct 
an M-type distribution and a W-type distribution. 

[0053] FIG. 3 is an explanatory diagram for explaining an 
example in Which a monitoring unit 34 is arranged on a side 
plane of the processing vessel 1. It should also be noted that 
the yokes, the coils, the poWer supplies, and the like have 
been omitted for the sake of a simple explanation. The 
side-plane monitoring unit 34 has been mounted at such a 
position Which is located higher than a Wafer plane of a side 
Wall of the processing chamber 1, and also, is located loWer 
than the loWer plane of the shoWer plate 9. The side-plane 
monitoring unit 34 is equipped With a metal pipe 35 mounted 
on the processing vessel 1, and a quartz WindoW 36 has been 
mounted on an edge of this metal pipe 35, Which is located 
opposite to the processing vessel 1. Since the metal pipe 35 
is provided, an incident solid angle of emission Which is 
entered to the quartz WindoW 36 is restricted, so that only 
plasma emission emitted from a desirable position can be 
acquired. 
[0054] In other Words, plasma emission emitted from the 
center portion of the processing vessel 1 is entered to a 
quartz WindoW 36a, Whereas plasma emission emitted from 
the peripheral portion of the processing chamber 1 is entered 
to another quartz Window 360. Also, since the quartz Win 
doW 36 is not directly exposed to plasma having high density 
by Way of the metal pipe 35, it is possible suppress articles 
deposited on the quartz WindoW 36 and also suppress 
chipping of the quartz WindoW 36 itself. 

[0055] In such a case that the side-plane monitoring unit 
34 is arranged as shoWn in FIG. 3, the emission distribution 
obtained from the quartz WindoW 36 may become such an 
emission distribution to Which the plasma distribution has 
been indirectly re?ected, Which is different from such a case 
that the monitoring unit is provided With the antenna elec 
trode 7. In other Words, this is because an integrated value 
of emission along the radial direction is entered to the quartz 
WindoW 36. In order to grasp a correct plasma distribution, 
such an operation as Abelian transformation must be carried 
out. Since this operation is carried out by the control unit 32, 
the control unit 32 can execute such a control operation by 
Which the plasma distributions become uniform. While an 
emission intensity distribution under such a condition that 
plasma becomes uniform is previously acquired, the control 
unit 33 may perform such a control operation that the plasma 
distribution becomes uniform by controlling a magnetic ?eld 
in such a manner that deviation betWeen the previously 
acquired emission intensity distribution and an actually 
measured emission intensity distribution may become mini 
mum. 

[0056] As previously explained, in such a case that the 
monitoring unit 34 is arranged on the side plane of the 
processing vessel 1, although the data process operation 
slightly becomes cumbersome, the construction around the 
antenna electrode 7 may be simpli?ed, Which may achieve 
a merit of the cost aspect. 

[0057] Next, a description is made of results Which Were 
obtained by actually performing plasma processing opera 
tions With employment of the plasma processing apparatus 
according to this embodiment. FIG. 4 is a diagram for 
graphically representing an example of etching results 
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obtained When a ?at sample of a silicon oxide ?lm Was 
etched by employing mixture gas made of C4F8/Ar/O2. 

Page 7 

[0058] As indicated in FIG. 4, the following fact can be 
revealed. That is, since a current supplied to the coil 6 is 
adjusted so as to adjust an averaged magnetic ?eld strength, 
an etching rate distribution can be controlled to become a 
convex type distribution (coil current being 8 A), a ?at type 
distribution (coil current being 9 A), and a convex type 
distribution (coil current being 10 A). It should be under 
stood that as to uniformity of the etching rates, uniformity of 
the convex type distribution Was 15%; uniformity of the ?at 
type distribution Was 5%; and uniformity of the concave 
type distribution Was 10%. Similar to the above-explained 
case, also, in this case, the etching rate distribution may be 
controlled from a center higher distribution via an uniform 
distribution to an outer higher distribution in accordance 
With such a condition that the strength of the magnetic ?eld 
is increased. 

[0059] Further, While a ratio of currents Which are sup 
plied to the coils of the tWo systems is changed, not only an 
averaged magnetic ?eld strength is adjusted, but also shapes 
of magnetic force lines are adjusted, so that resulting uni 
formity can be furthermore improved. 

[0060] FIG. 5 is an explanatory diagram for explaining a 
correspondence relationship betWeen uniformity of an emis 
sion intensity distribution measured by the monitoring unit 
of the plasma processing apparatus and uniformity of an 
actual etching rate distribution. As indicated in this explana 
tory diagram, in a coil current Where a ?uctuation of the 
emission intensity distribution oWns a minimal value, a 
?uctuation of the etching rate distribution becomes a mini 
mal value. In other Words, it can be understood that in this 
current value, uniform processing operation can be realiZed. 

[0061] As previously explained, in accordance With this 
embodiment, the ef?ciency at Which the optimum condition 
of the speci?c process operation is searched can be consid 
erably increased. As a consequence, the resources Which are 
consumed in order to obtain the optimum condition of the 
process operation, for instance, sample Wafer cost, time, 
personnel expenses, and the like can be reduced. 

[0062] Normally, When an optimum condition is deter 
mined, many sample Wafers are actually etched. In this case, 
in order to satisfy such requests as a processing speed and a 
selectivity, When various parameters such as a gas compo 
sition ratio, a gas ?oW rate, and source poWer are changed, 
there are some possibilities that uniformity of process opera 
tions Within a surface of a Wafer is deteriorated. This is 
occasionally caused by that since a discharge condition is 
changed, uniformity of plasma distributions is deteriorated. 
Under the normal condition, in this stage, a better condition 
for uniformity is searched by further employing a lot of 
sample Wafers. HoWever, in accordance With the plasma 
processing apparatus, since a loW-cost Si dummy Wafer is 
employed and a test discharging operation is carried out, 
such a process condition capable of realiZing an uniform 
processing operation can be easily searched Without etching 
of high-cost sample Wafers. 

[0063] Also, in a test discharging operation, an emission 
distribution as to a single condition is acquired Within 
several seconds, Whereas When an actual sample Wafer is 
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processed, several tens of minutes per a single condition are 
required at a minimum in order to acquire an etching result. 
In other Words, since the plasma processing apparatus of this 
embodiment is employed, cost of sample Wafers, developing 
time, and further, developing staffs, Which are required in 
process development, can be considerably reduced. 

[0064] Further, the plasma processing apparatus of this 
embodiment may achieve effects not only in a process 
developing site in a plasma processing operation, but also in 
a mass production site. For example, just after such a rest 
time duration (e.g., maintenance operation for plasma pro 
cessing apparatus) is continued for a moment, conditioning 
operation must be carried out With respect to an interior 
portion of a processing vessel of this plasma processing 
apparatus. This conditioning operation corresponds to such 
a discharging operation constituted by several steps With 
employment of a silicon dummy Wafer, and has such a 
purpose that both a temperature and an atmosphere Within a 
reaction vessel may be approximated to a stationary state. 
HoWever, even When such a conditioning operation is car 
ried out, in an initial production lot just after a commence 
ment of a mass production lot, there are occasionally such 
cases that drifts of process operation happen to occur, for 
instance, a processing speed is varied, and a processing rate 
distribution Within a Wafer plane is changed. If conditioning 
time is prolonged in order to avoid this drift problem, then 
throughput of the above-described plasma processing appa 
ratus may be loWered. 

[0065] HoWever, When the plasma processing apparatus of 
this embodiment is employed, the drifts of the processing 
rate distribution Within the Wafer plane can be avoided. In 
other Words, While the uniform emission distribution 
acquired under the stationary condition Where the mass 
production lot is being processed is previously stored in the 
system, such a magnetic ?eld control operation may be 
additionally provided by Which the emission distribution in 
the initial production lot may be approximated to the emis 
sion distribution of the uniform emission distribution. In this 
initial production lot, there are high possibilities that the 
drifts happen to occur. 

[0066] Also, if the above-explained inventive idea is 
applied, then an abnormal event occurred in a mass produc 
tion line may be detected. That is to say, When an emission 
distribution is extremely changed from that of the stational 
condition, a judgment may be made that an abnormal event 
happens to occur, so that such a measure may be taken, for 
instance, an apparatus may be stopped. As a result, it is 
possible to avoid an occurrence of a fail production lot, 
Which is caused by the abnormal event of the apparatus. 

[0067] Also, since the plasma processing apparatus of this 
embodiment is employed, a yield may be alternatively 
improved. As previously explained, in the recent year, 
process margins as to ?lm forming, exposing process, and 
etching processes are more and more narroWed in order to 
alloW manufacturing of very ?ne devices. HoWever, since 
the plasma processing apparatus of this embodiment is 
employed, failures can be avoided Which are caused by 
non-uniform processing speeds Within Wafer planes. Also, 
non-uniform ?lm thicknesses occurred When ?lms are 
formed can be corrected. In other Words, While a ?lm 
thickness distribution of a ?lm is previously measured Which 
should be etched and has been formed by Way of either a 
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CVD method or a spin coating method, such an etching 
speed distribution capable of correcting this ?lm thickness 
distribution may be alternatively set. 

[0068] It should be further understood by those skilled in 
the art that although the foregoing description has been 
made on embodiments of the invention, the invention is not 
limited thereto and various changes and modi?cations may 
be made Without departing from the spirit of the invention 
and the scope of the appended claims. 

1. A plasma processing apparatus comprising: 

a processing vessel, the pressure of Which can be loWered; 

a stage for mounting a sample Within said processing 
vessel; 

an antenna electrode having a substantially circular shape, 
arranged on a plane of the processing vessel, Which is 
located opposite to the stage, and positioned parallel to 
the stage; 

gas conducting means for supplying processing gas into 
the processing vessel; 

an external coil Which forms a magnetic ?eld Within said 
processing vessel and produces plasma Within said 
processing vessel due to a mutual reaction occurred 
betWeen the formed magnetic ?eld and an electromag 
netic Wave radiated from the antenna electrode; 

an emission monitor for monitoring emission intensity of 
plasma present in at least 3 different points along a 
radial direction of said antenna electrode; and 

a control unit for adjusting an energiZing current supplied 
to said external coil; Wherein: 

said control unit adjusts the energiZing current supplied to 
the external coil based upon the monitoring result 
obtained from said emission monitor so as to control 
the emission intensity of the plasma to become uniform 
emission intensity. 

2. A plasma processing apparatus as claimed in claim 1 
Wherein: 

said gas conducting means is comprised of a gas distrib 
uting plate and a shoWer plate, Which are arranged in 
such a manner that both said gas distributing plate and 
said shoWer plate cover said antenna electrode; and 

said emission monitor is comprised of an optical ?ber 
Which is arranged at a position Where said optical ?ber 
faces a narroW hole formed in the shoWer plate of said 
gas distributing plate. 

3. A plasma processing apparatus as claimed in claim 1 
Wherein: 

said emission monitor is arranged outside said processing 
vessel in such a manner that said emission monitor 
oWns directivities along at least 3 different directions of 
a center portion, a side edge portion, and an interme 
diate portion of the produced plasma. 

4. A plasma processing apparatus as claimed in claim 1 
Wherein: 

said emission monitor is arranged outside said processing 
vessel in such a manner that said emission monitor 
oWns directivities along at least 3 different directions of 
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a center portion, a side edge portion, and an interme 
diate portion of the produced plasma, 

said emission monitor calculates emission intensity of the 
plasma produced in at least said 3 different points along 
the radial direction of said antenna electrode based 
upon the monitor values of the plasma emission in the 
respective directions. 

5. A plasma processing apparatus as claimed in claim 1 
Wherein: 

said emission monitor is arranged outside said processing 
vessel in such a manner that said emission monitor 
oWns directivities along at least 3 different directions of 
a center portion, a side edge portion, and an interme 
diate portion of the produced plasma, 

said emission monitor is provided at a position Which is 
higher than a surface of the sample on the side surface 
of the processing vessel. 

6. A plasma processing apparatus as claimed in claim 1 
Wherein: 

said external coil is comprised of coils of plural systems 
to Which currents different from each other are sup 
plied. 

7. A plasma processing apparatus as claimed in claim 1 
Wherein: 

a silicon member is provided on a surface of said antenna 
electrode on the side of said stage. 

8. A plasma processing apparatus as claimed in claim 1 
Wherein: 

said antenna electrode is comprised of an antenna bias 
poWer supply Which applies thereto an antenna bias 
voltage. 

9. In a plasma processing apparatus comprising: 

a processing vessel, the pressure of Which can be loWered; 
a stage for mounting a sample Within said processing 
vessel; an antenna electrode having a substantially 
circular shape, arranged on a plane of the processing 
vessel, Which is located opposite to the stage, and 
positioned parallel to the stage; gas conducting means 
for supplying processing gas into the processing vessel; 
and an external coil Which forms a magnetic ?eld 
Within said processing vessel and produces plasma 
Within said processing vessel due to a mutual reaction 
occurred betWeen the formed magnetic ?eld and an 
electromagnetic Wave radiated from the antenna elec 
trode, 

a plasma processing method for plasma-processing said 
sample by employing said plasma, comprising the steps 
of: 

monitoring emission intensity of plasma present in at least 
3 different points along a radial direction of said 
antenna electrode; and 

adjusting an energiZing current supplied to said external 
coil in response to a ratio of the emission intensity 
monitored in the respective points so as to control the 
emission intensity of the plasma to become uniform 
emission intensity. 

* * * * * 


