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(57) ABSTRACT 

A plasma processing apparatus processes high-speed semi 
conductor circuits by using plasma With an increased yield. 
The plasma processing apparatus has a vacuum vessel 
including an exhaust device, a starting material gas supply 
ing device, an electrode for installing a workpiece (Wafer) 
and a device for applying radio frequency poWer to the 

(21) APPL NO. 09/797 571 Wafer. This apparatus converts the starting material gas to 
’ plasma inside the vacuum vessel and plasma-processes a 

(22) Filed; Man 5, 2001 Wafer surface, Wherein an insulating ?lm is interposed 
betWeen the electrode for installing the Wafer and the Wafer 

(30) Foreign Application Priority Data and has a conductive material at a part thereof, and the 
conductive material is electrically grounded through an 

Aug. 25, 2000 (JP) .................................... .. 2000-260874 impedance regulating circuit. 
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FIG.6 

APPLICATION OF THIS INVENTION UNDER 
LOW-SPEED ETCHING CONDITION 
(CAPACITANCE UNADJUSTED) 
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APPARATUS AND METHOD FOR PLASMA 
PROCESSING HIGH-SPEED SEMICONDUCTOR 

CIRCUITS WITH INCREASED YIELD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application relates to an application U.S. Ser. 
No. , being ?eld by Yutaka Ohmoto et al of the 
present invention, based on Japanese Patent Application No. 
2000-060361 ?led Mar. 1, 2000 and assigned to the present 
assignee. The disclosure of that application is incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] This invention relates to a plasma processing appa 
ratus such as a plasma etching apparatus used for dry etching 
semiconductor integrated circuits, and a plasma processing 
method. 

[0003] Semiconductor integrated circuits have become 
more and more miniaturiZed and complicated to satisfy 
requirements for higher functions and higher operation 
speeds. In plasma processing apparatuses for processing 
such semiconductor integrated circuits, as disclosed in J P-A 
2-65131, it has conventionally been knoWn to prevent elec 
trostatic damage of a Wafer by disposing a ring having 
electric conduction around an outer periphery of the Wafer. 

[0004] HoWever, the conventional technology described 
above is not yet entirely satisfactory for preventing electro 
static damage in gate oXide ?lms the thickness of Which has 
become smaller and in those Wafers the diameter of Which 
has become greater such as 12 inches or more. This tech 
nology cannot either reduce entirely suf?ciently electrostatic 
damage that changes depending on process conditions vary 
ing to large extents. 

[0005] The plasma etching technologies for processing 
semiconductor circuits according to the prior art attempt to 
?nd out a compatible condition that does not invite damage 
depending on process parameters but provides good shape 
processability, and conduct the dry etching process. 

[0006] HoWever, a process WindoW having high shape 
processability has become small as the semiconductor 
devices have become miniaturiZed and have come to possess 
a higher aspect ratio While the diameter of the Wafers to be 
processed has become greater. Therefore, it is dif?cult 
according to the prior art technologies described above to 
simultaneously satisfy a process WindoW free from damage 
and a high processing factor such as a processing rate 
Without their trade-off. 

[0007] Barns et al US. Pat. No. 5,535,507 discloses an 
electrostatic chuck for supporting a Workpiece by electro 
static attraction betWeen the Workpiece and an electrode for 
installing the Workpiece, and offsetting etching non-unifor 
mity of the Workpiece. HoWever, this reference does not 
teach or suggest means for preventing a defect due to 
“charging damage” of the Workpiece. 

[0008] JP-A-8-316212 discloses another technique in 
Which an electrode portion of a Wafer mount is divided into 
a plurality of electrically isolated areas, impedance matching 
elements are connected to respective areas so as to control 

the impedances thereof, and alternatively, a recessed portion 
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is provided on the electrode surface of the Wafer mount such 
that the impedances betWeen the Wafer and the electrode 
differ betWeen the center portion and the outer portion of the 
electrode to make ion energy emitted to the Wafer uniform 
over the entire surface, thereby achieving a uniform plasma 
process. 

[0009] As disclosed in JP-A-8-181107, there is knoWn a 
technique that a surrounding ring formed of ceramic is 
provided around a loWer electrode, a Wafer is mounted on 
the surrounding ring so as to have a space betWeen the Wafer 
and the loWer electrode and thereby have an electrostatic 
capacitance, so that a DC voltage generated in a plasma is 
distributed into the space, a blocking capacitor and the Wafer 
to prevent occurrence of charging damage to the Wafer. 

[0010] HoWever, both of the techniques do make norefer 
ence to the compensation for the charging damage of the 
Workpiece Which the present invention intends to solve. 

SUMMARY OF THE INVENTION 

[0011] It is therefore an object of the present invention to 
provide an apparatus and a method capable of plasma 
processing high-speed semiconductor devices, that are sus 
ceptible to damage due to charge-up, on a Wafer having a 
large diameter With an increased yield. 

[0012] It is another object of the present invention to 
provide a combination of an electrode structure for installing 
a Workpiece, such as a Wafer, With a circuit, the combination 
being for use in an apparatus and a method capable of 
plasma-processing high-speed semiconductor circuits With 
an increased yield. 

[0013] According to one aspect of the present invention 
for accomplishing the objects described above, an insulating 
material covering an entire surface of an electrode opposing 
the back of a Workpiece (Wafer) is thicker at a part thereof 
than at other portions, and an electrode is separately dis 
posed inside the insulating material. A bias current is sup 
plied to the electrode, and the amount of the bias current is 
regulated. 

[0014] In other Words, according to one aspect of the 
present invention, there is provided a plasma processing 
apparatus so constituted as to be able to apply bias poWer to 
a Workpiece, Wherein a feed impedance difference of bias 
poWer to a plurality of positions inside the Workpiece is 
variable. 

[0015] According to another aspect of the present inven 
tion, there is provided a plasma processing apparatus, 
Wherein an insulating ?lm is interposed betWeen a Work 
piece installing electrode and a Workpiece, the insulating 
?lm has at least tWo kinds of thickness, at least one kind of 
the insulating ?lm contains an electrically conductive mate 
rial, and the conductive material is connected to a bias poWer 
feed line insulated from the electrode. 

[0016] According to still another aspect of the present 
invention, there is provided a plasma processing apparatus 
including a Workpiece installing electrode and an insulating 
?lm interposed betWeen the electrode and a Workpiece, 
Wherein the insulating ?lm is made of at least tWo kinds of 
materials, at least one kind of the insulating ?lm contains an 
electrically conductive material, and the conductive material 
is connected to a bias poWer feed line insulated from the 
electrode. 
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[0017] According to still another aspect of the present 
invention, the impedance of the bias power feed line of the 
plasma processing apparatus described above is variable or 
a poWer supply circuit for electrostatic attraction is con 
nected to the bias poWer feed line. 

[0018] In a plasma processing apparatus for converting a 
raW material gas to plasma and plasma-processing a surface 
of a Workpiece, including a vacuum vessel having eXhaust 
means, raW material gas supplying means, installing means 
for installing a Workpiece such as a Wafer, and means for 
applying radio frequency poWer to the Workpiece, still 
another aspect of the present invention provides an electrode 
structure including a bias circuit for use in the plasma 
processing apparatus, Wherein an insulating ?lm is inter 
posed betWeen an electrode for installing the Workpiece and 
the Workpiece, the insulating ?lm has an electrically con 
ductive material disposed at a part thereof; and the conduc 
tive material is electrically grounded. 

[0019] According to still another aspect of the present 
invention, the conductive material in the insulating ?lm 
interposed betWeen the Workpiece and the electrode 
described above is electrically grounded through an imped 
ance variable device. 

[0020] According to still another aspect of the present 
invention, the conductive material in the insulating ?lm 
described above is electrically connected to the electrode for 
installing the Workpiece through the impedance variable 
device. 

[0021] According to still another aspect of the present 
invention, there is provided a method for plasma-processing 
a Workpiece Wherein a set value of the impedance variable 
device described above is adjusted in accordance With a 
dielectric breakdown pattern that occurs in the Workpiece. 

[0022] In another aspect of the present invention, a plasma 
processing apparatus for processing a Wafer as ions in a 
plasma are induced, comprises a Wafer-installing stage on 
Which the Wafer is installed; an Wafer-installing surface of 
said stage electrically isolated; a circuit connected With the 
electrically isolated Wafer-installing surface supplied With a 
bias poWer; and adjusting means for making equally adjust 
able an impedance of the circuit through Which a current 
?oWs from each position on said Wafer to the ground through 
said Wafer and said plasma. 

[0023] In a further aspect of the invention, a plasma 
processing apparatus comprises: a Workpiece-installing 
stage electrically insulated from a grounded vacuum vessel; 
said stage including a ?rst electrode forming a base, an 
insulating ?lm provided on said ?rst electrode and having its 
outer peripheral portion thicker than the thickness of its 
center portion and a second electrode provided Within the 
outer peripheral portion of said insulating ?lm and at a 
position having the same thickness as the center portion of 
said insulating ?lm, said ?rst electrode being connected to a 
radio frequency poWer supply; and an impedance adjuster 
electrically connecting said ?rst electrode and said second 
electrode. 

[0024] In the above-plasma processing apparatus, said 
insulating ?lm includes a ?rst insulating ?lm provided 
betWeen said ?rst electrode and said second electrode and a 
second insulating ?lm provided on a side of Workpiece 
installing surface. 
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[0025] In still another aspect of the invention, a plasma 
processing method of processing a Wafer While inducing 
ions in a plasma thereto, comprises the steps of: changing an 
impedance of each position on a Wafer installing surface of 
a Workpiece-installing stage on Which the Wafer is installed 
during a plasma process such that the bias potential differ 
ence Within the Wafer surface through the plasma at a 
plurality of said positions due to bias voltages applied to the 
Wafer is reduced to a breakdoWn voltage of transistors 
formed on said Wafer or less; and subjecting said Wafer to a 
plasma process. 

[0026] In a further aspect of the invention, a plasma 
processing method for a substrate of a Wafer, comprises the 
steps of: causing a value of an applied self bias voltage 
(Vdc) at each position Within the surface of a Wafer minus 
an average of the applied self bias voltage (Vdc) Within the 
surface of the Wafer to indicate a minus value, and adjusting 
an impedance of a position on the Wafer in Which an absolute 
value of said minus value is larger, so as to increase. 

[0027] Other objects, features and advantages of the 
present invention Will become apparent from the folloWing 
description of the embodiments of the invention taken in 
conjunction With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] FIG. 1 is a graph shoWing the relation betWeen a 
thickness of a gate oXide ?lm and a gate breakdoWn voltage; 

[0029] FIG. 2 is a schematic sectional vieW of a micro 
Wave dry etching apparatus; 

[0030] FIG. 3 is a schematic sectional vieW of a Wafer 
installing electrode according to Embodiment 1 of the 
present invention; 

[0031] FIG. 4 is a schematic vieW shoWing a damage 
occurrence condition at the center of a test Wafer eXposed to 
plasma in the present invention; 

[0032] FIG. 5 is a schematic vieW shoWing a damage 
occurrence condition at the center of a test Wafer eXposed to 

plasma in the present invention; 

[0033] FIG. 6 is a schematic vieW shoWing a damage 
occurrence condition at the center of a test Wafer under a 

loW-speed etching condition; 

[0034] FIG. 7 is a schematic sectional vieW of a plasma 
etching apparatus according to Embodiment 2; 

[0035] FIG. 8 is a schematic vieW shoWing a damage 
occurrence condition at the center of a test Wafer in Embodi 
ment 2; 

[0036] FIG. 9 is a schematic sectional vieW of a high 
density plasma etching apparatus according to Embodiment 
3; 

[0037] FIG. 10 is a schematic vieW shoWing a damage 
occurrence condition at the center of a test Wafer in Embodi 
ment 3; 

[0038] FIG. 11 is a schematic sectional vieW shoWing a 
bias CVD apparatus in Embodiment 4; 

[0039] FIG. 12 is a schematic vieW shoWing a damage 
occurrence condition at the center of a test Wafer in Embodi 
ment 4; 
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[0040] FIG. 13 is a schematic sectional vieW of an elec 
trode ?lm for installing a Wafer and an explanatory vieW of 
an electric circuit in Embodiment 5; 

[0041] FIG. 14 is a schematic sectional vieW of an elec 
trode ?lm for installing a Wafer and an explanatory vieW of 
an electric circuit in Embodiment 6; 

[0042] FIG. 15 is a schematic sectional vieW of an elec 
trode ?lm for installing a Wafer and an explanatory vieW of 
an electric circuit in Embodiment 7; and 

[0043] FIG. 16 is a schematic sectional vieW of an elec 
trode ?lm for installing a Wafer and an explanatory vieW of 
an electric circuit according to the prior art. 

DESCRIPTION OF THE EMBODIMENTS 

[0044] Referring initially to FIG. 1, a prior art technology 
Will be explained in detail in order to have the present 
invention more easily understood prior to the description of 
the embodiments thereof. 

[0045] High-speed semiconductor devices have an 
extremely thin gate oxide ?lm, and a gate breakdoWn 
voltage becomes smaller With the decrease of the ?lm 
thickness as shoWn in FIG. 1. Therefore, electrostatic dam 
age occurs due to a potential difference betWeen the gate 
oxide ?lms unless plasma processing utiliZing charged par 
ticles, such as dry etching, is conducted While the charged 
particles are subtly balanced. 

[0046] The potential of a Wafer base material (silicon) is 
governed by a mean value of charge amounts ?oWing in 
from plasma above a Wafer Whereas the potential on the gate 
oxide ?lm is governed by the in?oW amount of the charges 
from plasma existing locally over the gate oxide ?lm. 
Therefore, even a limited difference of the in?oW amount of 
the charges on the entire Wafer surface results in the poten 
tial difference on and beneath the gate oxide ?lm (that is, the 
potential difference of the silicon base material). This phe 
nomenon is referred to as “damage resulting from charge 
up”. 

[0047] To cope With this problem, prior art technologies 
prevent damage due to charge-up by using an electrically 
conductive ring disposed round the outer periphery of the 
Wafer. 

[0048] Since this method locally changes the plasma den 
sity of the outer periphery, its control range is so narroW for 
processing recent Wafers having large diameters of 12 inches 
or more. Particularly, this method cannot suf?ciently sup 
press damage of the gate oxide ?lms the thickness of Which 
has become smaller and smaller. 

[0049] The inventors of the present invention have dis 
covered a method that can cope With the decreasing thick 
ness of the gate oxide ?lms and the increasing diameters of 
the Wafers to be processed, and has a large control range and 
high control performance. The inventors have thus com 
pleted the present invention. Hereinafter, preferred embodi 
ments of the present invention Will be explained. 

[0050] Embodiment 1 

[0051] FIG. 2 is a schematic sectional vieW of a micro 
Wave dry etching apparatus (plasma processing apparatus) 
according to this embodiment. 
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[0052] A vacuum processing chamber 1 accommodates a 
quartZ WindoW 2 for introducing a microWave, an electrode 
3 for installing a Wafer 9 having semiconductor integrated 
circuits, so positioned as to oppose the quartZ WindoW 2, a 
radio frequency poWer supply 4 for generating a bias voltage 
to the electrode 3 and a DC poWer supply 5. AWaveguide 6 
for introducing the microWave is interconnected to the 
quartZ WindoW 2. A solenoid coil(Winding)7 is further pro 
vided to generate a magnetic ?eld inside the vacuum pro 
cessing chamber 1. 

[0053] A gas inlet 8 is for introducing a mixed gas into the 
vacuum processing chamber 1 on the basis of an etching 
recipe. 

[0054] When the etching apparatus shoWn in FIG. 2 uses 
a conventional electrode, a Wafer outer periphery is close to 
a ground electrode While a Wafer center is far from the 
ground electrode. Therefore, a bias current ?oWs more easily 
through the Wafer outer periphery. In other Words, imped 
ance is loWer at the Wafer outer periphery. 

[0055] Therefore, a lead-in amount of the charged par 
ticles due to biasing is great at the Wafer outer periphery. 
Particularly because a large electron current is led in, the 
potential of the Wafer base material shifts in the negative 
direction and a positive potential difference occurs in the 
gate oxide ?lm at the Wafer center, inviting the occurrence 
of damage. This potential difference greatly varies depend 
ing on the plasma condition and on the magnetic ?eld 
condition. 

[0056] To suppress this damage, non-uniformity in easi 
ness of the How of the bias current described above must be 
offset, and means capable of regulating the offset is further 
necessary so as to cope various process conditions. 

[0057] Therefore, an experiment is conducted in the 
present invention by assembling a Wafer-installing electrode 
having a structure shoWn in FIG. 3 into the apparatus shoWn 
in FIG. 2. 

[0058] The Wafer-installing electrode shoWn in FIG. 3 is 
made of aluminum as a base material, and an alumina ?lm 
is sprayed to its surface. The coating thickness of the 
alumina ?lm at a ring-like portion from 2/3 of the electrode 
diameter to the outermost periphery is about thrice the 
thickness at the inner periphery. 

[0059] An electrode 11 made of a tungsten material is 
buried to a position at a depth of about 1/3 from the surface 
of the ring-like portion, and a feed line 12 insulated from the 
base material of the Wafer installing electrode is connected 
to the electrode 11. 

[0060] The feed line 12 is connected to a bias poWer 
supply circuit including a bias RF poWer supply 17 With the 
electrode base material through a parallel circuit of a vari 
able capacitor 13 and a ?lter coil 14. 

[0061] The variable capacitor 13 can be short-circuited or 
opened and can change its capacitance from in?nity to 0. 
Incidentally, the ?lter coil 14 connected in parallel With the 
variable capacitor 13 permits the passage of the DC current. 
When the Wafer is electrostatically attracted and processed, 
too, the DC charge is supplied from the DC poWer supply 15 
through the tungsten electrode 11 to the surface of alumina 
on the outer peripheral side of the electrode. In this Way, the 
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Wafer can be electrostatically attracted in the same Way as in 
the conventional electrode. Reference numeral 16 represents 
a DC pass ?lter. 

[0062] In the case of the conventional electrode, the bias 
current is uniformly supplied to each position inside the 
Wafer plane. Therefore, damage occurs due to charge-up that 
results from the difference of the impedance from each 
position Within the surface of Wafer to the ground. 

[0063] In contrast, When the electrode according to the 
present invention is used, the impedance as vieWed from the 
bias poWer supply relative to the outer periphery of the Wafer 
can be set to a greater value Within a certain range than that 
of the Wafer center portion. In consequence, a part of the bias 
current is supplied from the Wafer center portion to the Wafer 
outer peripheral portion through the bulk resistance of the 
Wafer. When the value of the variable capacitor 13 is 
adjusted, a bypass current can be offset With the impedance 
from the Wafer to the ground. 

[0064] Wafers for testing damage are exposed to plasma 
under a process condition capable of high-speed etching. At 
this time, damage due to charge-up develops at the center of 
the test Wafer using the conventional electrode as shoWn in 
FIG. 4. 

[0065] When the test is similarly conducted by using a 
Wafer having the electrode according to the present inven 
tion and by setting the value of the variable capacitor 13 to 
500 pF, the damage occurrence ratio can be reduced to 0% 
as shoWn in FIG. 5. 

[0066] HoWever, When the test is further conducted for the 
damage test Wafer under a loW-speed etching condition by 
setting the capacitance of the variable capacitor to 500 pF, 
damage again develops at the center as shoWn in FIG. 6. 

[0067] This damage occurs because the impedance differ 
ence from the bias poWer supply to the Wafer becomes 
excessively greater than the impedance difference from the 
Wafer to the ground through plasma. When the capacitance 
of the variable capacitor 13 is set to 2,000 pF in this case, the 
impedance differences can be offset and the damage occur 
rence ratio can be reduced to 0%. 

[0068] In this embodiment, the thickness of the alumina 
?lm of the outer peripheral portion is changed, but similar 
effects can be obtained When the insulating ?lm at the outer 
peripheral portion is changed to a material having a loWer 
dielectric constant than alumina such as a resin. 

[0069] The impedance adjusting has been carried out by 
the electrode 11 provided in the outer periphery of the 
electrode in this embodiment, but it may be alternatively 
performed by the Wafer-installing electrode (stage). In that 
case, the thickness of the insulating ?lm at the upper portion 
of electrode 11 is made thicker than that of the insulating 
?lm at the center portion of the electrode 11. The thickness 
of the insulating ?lm at the loWer portion of the electrode 11 
is made thicker than that of its upper portion. The electrode 
11 is connected to the RF poWer supply 17, and the Wafer 
installing electrode(stage) is connected to the RF poWer 
supply 17 through an impedance adjuster composed of a 
variable capacitor 13 and a ?lter coil (Winding) 14. In the 
circuit thus constructed, the impedance of a portion of the 
electrode 11 corresponding to the periphery of the Wafer is 
preset at a large value. Then, the impedance corresponding 
to the center portion of the Wafer is adjusted to thereby 
enable suitable adjustment of the impedance Within the 
surface of the Wafer. 
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[0070] Embodiment 2 

[0071] Referring next to FIG. 7, a plasma etching appa 
ratus (plasma processing apparatus) having three electrodes 
Will be explained. Reference numeral 21 denotes an upper 
electrode. The upper electrode 21 is connected to a plasma 
generation poWer supply 22. When radio frequency poWer is 
applied, plasma is generated betWeen the upper electrode 21 
and a loWer electrode 23. The plasma thus generated keeps 
the center potential at the ground potential by a ground 25 
provided to the sideWall of the chamber. 

[0072] A bias poWer supply 24 connected to the loWer 
electrode 23 generates a radio frequency voltage to a Wafer 
26, accelerates ions inside the plasma and processes the 
Wafer 26. 

[0073] Aprocess condition is established in such a fashion 
that the processing shape becomes uniform inside the Wafer 
plane. It is found at this time that the plasma density 
distribution is not alWays uniform but exhibits a loWer 
density distribution in the space above the Wafer center than 
at other portions. When the characteristics of the gate oxide 
?lm are measured at this time, defects resulting from dam 
age occur as shoWn in FIG. 8. 

[0074] Etching of the Wafers using the electrode having 
the structure shoWn in FIG. 3 is conducted in the same Way 
as in Embodiment 1 under the same process condition and 
by adjusting the capacitance of the variable capacitor 13. As 
a result, the percent defective can be reduced to 0%. 

[0075] Embodiment 3 

[0076] FIG. 9 shoWs another embodiment Wherein a 
Wafer is etched by using a high-density plasma etching 
apparatus, that is, a plasma processing apparatus. 

[0077] Reference numeral 31 denotes an introduction Win 
doW. Acoil 33 is put on this WindoW 31. Plasma is generated 
betWeen the introduction WindoW 31 and a Wafer-installing 
electrode 34 When poWer is supplied from a radio frequency 
poWer supply 32 to the coil 33. 

[0078] When a voltage is applied from a bias poWer 
supply 35 to a Wafer 37 connected to the Wafer-installing 
electrode 34, etching is conducted as ions are accelerated 
and irradiated to the Wafer 37 by plasma. Incidentally, the 
ground 36 ?xes the plasma potential so that a bias voltage 
can be applied. 

[0079] Etching is conducted by this etching apparatus 
using the conventional electrode While the process condition 
is so adjusted as to provide a desired etching shape. When 
the characteristics of the gate oxide are then measured, the 
occurrence of defect is observed as shoWn in FIG. 10. 

[0080] This defect is presumably affected by the imped 
ance difference that results from the difference of each point 
of Wafer to the ground. When etching is conducted by using 
the electrode having the structure shoWn in FIG. 3 and by 
adjusting the capacitance of the variable capacitor in the 
same Way as in Embodiment 2, the percent defective can be 
reduced to 0%. 

[0081] Embodiment 4 

[0082] FIG. 11 is a schematic sectional vieW of a plasma 
processing apparatus as a bias CVD apparatus that is used in 
this embodiment. 



US 2002/0025686 A1 

[0083] In this bias CVD apparatus, power is supplied from 
a radio frequency power supply 43 to a coil 41 positioned on 
a quartz chamber 42 to generate plasma in a ?lm forming gas 
atmosphere, and a voltage is supplied from a bias poWer 
supply 46 to an electrode 45 on Which a Wafer 47 is installed. 
Ions in plasma are accelerated to improve ?lm coating 
property and an insulating ?lm is deposited on a Wire formed 
on the Wafer 47. A ground 44 ?xes the plasma potential so 
that bias can be applied. 

[0084] The Wire is directly eXposed to plasma at the start 
of the ?lm formation. Therefore, the gate oXide ?lm con 
nected to this Wire has the possibility of suffering charge-up 
damage. 
[0085] Film formation is conducted by using the conven 
tional electrode and by adjusting the process condition so 
that a ?lm can be formed uniformly With high coating 
property. When the electric characteristics of the gate oXide 
?lm are thereafter measured, a defect develops inside the 
Wafer as shoWn in FIG. 12. 

[0086] In contrast, When ?lm formation is conducted by 
using the electrode having the structure shoWn in FIG. 3 and 
by adjusting the capacitance of the variable capacitor under 
the same process condition in the same Way as in Embodi 
ment 3, the percent defective can be reduced to 0%. 

[0087] Examinations made by the present inventors reveal 
that particularly When a Wafer bias is applied, charging 
damage occurs in many cases because a slight difference 
occurs in the impressed bias voltage due to the impedance 
difference from a position inside the Wafer plane to the 
ground, and the lead-in amount of the charged particles 
becomes different. 

[0088] Therefore, it has been a customary practice to ?nd 
out a condition in Which electrostatic damage does not occur, 
as a process condition. As the diameters of the Wafers have 
become greater and the thickness of the gate oXide ?lms 
have become smaller in recent years, hoWever, it has become 
all the more necessary to reduce the impedance difference. 
Moreover, a process WindoW has become smaller and 
smaller to satisfy the requirement for ?ner etching perfor 
mance and trade-off With performance such as a rate, for 
eXample, has no longer been established. 

[0089] The inventors of the present invention have eXam 
ined means for suppressing charging damage by offsetting 
the impedance difference by the electrode and making this 
offset amount variable Without changing an optimal process 
condition for kinds of ?lms and etching shapes. 

[0090] FIG. 16 is a schematic sectional vieW of an elec 
trode ?lm having an electrostatic attraction function and 
used in conventional apparatuses. The draWing shoWs also a 
connection method of a radio frequency bias and a DC 
poWer supply for electrostatic attraction. 

[0091] Referring to FIG. 16, reference numeral 81 denotes 
an insulating ?lm, reference numeral 82 denotes an electrode 
base material, reference numeral 83 denotes a bias radio 
frequency poWer supply, reference numeral 84 denotes a DC 
pass ?lter and reference numeral 85 denotes a DC poWer 
supply. 

[0092] In the conventional electrode, the impedance of the 
bias radio frequency poWer supply to the Wafer is uniform 
inside the Wafer plane. Therefore, the impedance difference 
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inside the Wafer plane, that occurs inside plasma, results as 
such in the overall impedance difference and charging 
damage occurs. 

[0093] Means for eliminating this impedance difference is 
illustrated in Embodiments 5 to 7. 

[0094] Embodiment 5 

[0095] FIG. 13 is a schematic sectional vieW of an elec 
trode according to this embodiment and shoWs an eXample 
of electrical connection. 

[0096] The electrode is formed by the steps of forming a 
?rst layer insulating ?lm (alumina) to a thickness of 300 pm 
on an electrode base material 54, then forming dividedly an 
intermediate electrode 52 made of tungsten at tWo positions, 
that is, at the center and the outer periphery of the electrode, 
to a thickness of 30 pm and forming further a second layer 
insulating ?lm (alumina) 53 to a thickness of 300 pm. 

[0097] A bias radio frequency poWer supply 57 and a DC 
poWer supply 59 for causing electrostatic attraction are 
connected to the intermediate electrode 52 at the center and 
to the outer periphery through the DC pass ?lter 58, respec 
tively. A compensation amount regulation (adjusting) circuit 
56 grounded through a feed line 55 is connected to the 
intermediate electrode 52 at the outer periphery. The com 
pensation amount regulation circuit 56 may be constructed 
of a parallel resonant circuit formed basically of a capacitor 
and a variable-inductance inductor (Winding) VL. 

[0098] As the intermediate electrode 52 at the outer 
periphery is grounded, a part of the bias radio frequency 
current does not How through the intermediate electrode 52 
but ?oWs to the ground. In consequence, the bias current 
?oWing through the Wafer decreases. 

[0099] This corresponds effectively to the case Where the 
impedance at the Wafer outer periphery is increased to a 
higher level than at the center, and can offset the impedance 
difference occurring in plasma (corresponding to an imped 
ance varying apparatus). 

[0100] When an ordinary electrode is used in a hole 
forming processing of an oXide ?lm at a high aspect ratio 
under a process condition in Which a processing shape is 
optimiZed, a breakdoWn voltage defect is observed in 23% 
of the entire chips on the Wafer. When the electrode accord 
ing to Embodiment 1 of this invention is used and the value 
of the compensation amount regulation circuit connected to 
the intermediate electrode at the outer periphery is regulated, 
hoWever, the breakdoWn voltage defect can be suppressed to 
0% Without affecting at all the process condition and the 
processing result. 

[0101] In an SAC (Self-Aligned Contact) hole process in 
Which 15% breakdoWn voltage defect occurs in the case of 
the ordinary electrode, the breakdoWn voltage defect can be 
suppressed to 0% When the value of the compensation 
amount regulation circuit is set to a constant value that 
reduces the current ?oWing through the ground in the case 
of the high aspect ratio hole forming processing. 

[0102] Incidentally, the DC current necessary for electro 
static attraction of the Wafer is supplied uniformly to the 
Wafer through the radio frequency ?lter circuit and through 
the intermediate electrode at the center and the outer periph 
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ery. Therefore, attraction performance can be obtained 
equivalently to that of the conventional electrode. 

[0103] Heat that enters the Wafer ?oWs to the electrode 
through the ?rst layer insulating ?lm 51, the intermediate 
electrode 52 and the loWer second layer insulating ?lm 53 on 
the surface of the electrode. The insulating ?lms that govern 
the heat resistance have a uniform thickness in the planar 
direction of the Wafer. Therefore, the temperature inside the 
Wafer plane is uniform, too. 

[0104] Embodiment 6 

[0105] FIG. 14 is a schematic sectional vieW of Embodi 
ment 6 and shoWs also electric connection. 

[0106] The electrode is the same as that of Embodiment 5. 
A ?rst layer insulating ?lm (alumina) 61 is formed to a 
thickness of 300 pm on an electrode base material 64. Next, 
an intermediate electrode 62 is formed dividedly at tWo 
positions, that is, at the center and the outer periphery of the 
electrode, to a thickness of 30 pm, and an insulating ?lm 
(alumina) is formed on the former to a thickness of 300 Mm. 

[0107] A bias radio frequency poWer supply 67 and a DC 
poWer supply 69 for causing electrostatic attraction are 
connected to the intermediate electrode 62 at the center, and 
to the intermediate electrode at the outer periphery through 
a compensation amount regulation circuit 66 formed of a 
capacitor and a variable inductor VL. In the draWing, refer 
ence numeral 63 denotes a second layer insulating ?lm, 
reference numeral 64 denotes an electrode base material, 
reference numeral 65 denotes a poWer supply line and 
reference numeral 68 denotes a DC pass ?lter. 

[0108] This compensation amount regulation circuit 66 
gives an inductance (coil) component to the intermediate 
electrode 62 and constitutes a parallel resonance circuit With 
a capacitance (capacitor) component of the ?rst layer insu 
lating ?lm 61 of the intermediate electrode at the outer 
periphery. As a part of the radio frequency bias current 
supplied to the intermediate electrode at the outer periphery 
is con?ned, the current to the Wafer can be decreased and the 
impedance is effectively increased. Consequently, the 
impedance difference occurring in the plasma can be offset 
in the same Way as in Embodiment 5. 

[0109] The electrode according to this Embodiment 6 is 
applied to the oXide ?lm hole forming process condition at 
a high aspect ratio and to the SAC hole forming process 
condition in the same Way as in Embodiment 5. When the 
value of the regulation circuit connected to the intermediate 
electrode at the outer periphery is regulated in each case, the 
breakdoWn voltage defect can be suppressed to 0% Without 
affecting at all the process condition and the processing 
result. 

[0110] In the ?lm structure of the electrode of this embodi 
ment, electrostatic attraction performance and in-plane uni 
formity of the Wafer temperature are equivalent to those of 
the electrode of Embodiment 5 and the ordinary electrode. 

[0111] Embodiment 7 

[0112] FIG. 15 is a schematic sectional vieW of an elec 
trode according to Embodiment 7 and shoWs also its electric 
connection. 

[0113] The electrode has a similar structure to those of the 
electrodes of Embodiments 5 and 6. HoWever, an interme 
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diate electrode 72 is formed only at the center. Abias radio 
frequency poWer supply 77 and a DC poWer supply 79 for 
causing electrostatic attraction are connected to the inter 
mediate electrode 72 through a compensation amount regu 
lation circuit 76 including an adjustable-capacitance capaci 
tor V,. The compensation amount adjusting circuit 76 may be 
constructed by basically using a variable capacitance capaci 
tor. 

[0114] In FIG. 15, reference numeral 71 denotes a ?rst 
layer insulating ?lm, reference numeral 73 denotes a second 
layer insulating ?lm, reference numeral 74 denotes an elec 
trode base material, reference numeral 75 denotes a feed 
line, reference numeral 76 denotes a compensation amount 
regulation circuit and reference numeral 78 denotes a DC 
pass ?lter. 

[0115] The intermediate electrode 72 at the center plays 
the role of adding a bypass current to a radio frequency bias 
current passing through the ?rst layer. In this Way, the 
impedance at the center can be effectively loWered With 
respect to the impedance at the outer periphery Which does 
not have the intermediate electrode and to Which the current 
is not added. This embodiment can therefore offset the 
impedance difference occurring in the plasma in the same 
Way as in Embodiments 5 and 6. 

[0116] The electrode of this embodiment is applied to the 
oXide ?lm hole forming process at a high aspect ratio and to 
the SAC hole forming process in the same Way as in 
Embodiment 5. When the value of the regulation circuit 
connected to the intermediate electrode at the center is 
regulated in each case, the breakdoWn voltage defect can be 
suppressed to 0% Without affecting at all the process con 
dition and the processing result. 

[0117] In the ?lm structure of the electrode of this embodi 
ment, electrostatic attraction performance and in-plane uni 
formity of the Wafer temperature are equivalent to those of 
the electrode of Embodiment 5 and the ordinary electrode. 

[0118] The present invention can fabricate high-speed 
semiconductor devices susceptible to charging damage With 
an increased yield With a Wafer having a large diameter. 

1. A plasma processing apparatus comprising: means for 
applying a bias poWer to a Workpiece, Wherein a feed 
impedance difference of bias poWer to a plurality of posi 
tions Within the surface of said Workpiece is changed 
variable. 

2. Aplasma processing apparatus comprising: an insulat 
ing ?lm provided betWeen a Workpiece installing electrode 
and a Workpiece, Wherein said insulating ?lm has at least 
tWo kinds of thickness, at least one kind of said insulating 
?lm contains an electrically conductive material, and said 
conductive material is connected to a bias poWer feed line 
insulated from said electrode. 

3. A plasma processing apparatus according to claim 2, 
further comprising circuit means for rendering an impedance 
of said bias poWer feed line variable. 

4. A plasma processing apparatus including a Workpiece 
installing stage and an insulating ?lm provided betWeen said 
stage and a Workpiece, Wherein said insulating ?lm is made 
of at least tWo kinds of materials, at least one kind of said 
insulating ?lm contains an electrically conductive material, 
and said conductive material is connected to a bias poWer 
feed line insulated from said stage. 
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5. A plasma processing apparatus according to claim 4, 
further comprising circuit means for rendering an impedance 
of said bias poWer feed line variable. 

6. A plasma processing apparatus according to claim 5, 
further comprising a poWer supply circuit for electrostatic 
attraction, connected to said bias poWer feed line. 

7. A plasma processing apparatus for converting a raW 
material gas to plasma and plasma-processing a surface of a 
Workpiece, including a vacuum vessel having exhaust 
means, raW material gas supplying means, Workpiece install 
ing stage, and means for applying radio frequency poWer to 
said Workpiece, said plasma processing apparatus compris 
mg: 

an insulating ?lm provided betWeen said stage and said 
Workpiece; 

said insulating ?lm having an electrically conductive 
material disposed at a part thereof; and 

circuit means for controllably and electrically grounding 
said conductive material. 

8. A plasma processing apparatus according to claim 7, 
Wherein said controllable grounding circuit means includes 
an impedance variably changing device. 

9. A plasma processing apparatus according to claim 8, 
Wherein said conductive material in said insulating ?lm is 
electrically connected to said stage for installing said Work 
piece through said impedance variably changing device. 

10. A method of plasma processing a surface of a Work 
piece by converting a raW material gas to plasma inside a 
vacuum vessel including exhaust means, raW material gas 
supplying means, Workpiece installing means and means for 
applying radio frequency poWer to said Workpiece, said 
method comprising the steps of: 

providing an insulating ?lm betWeen an electrode for 
installing said Workpiece and said Workpiece, and 
disposing an electrically conductive material at a part 
of said insulating ?lm; 

grounding electrically said conductive material through 
an impedance variable device; and 

conducting a plasma process by adjusting a set value of 
said impedance variablly changing device in accor 
dance With a dielectric breakdoWn pattern occurring in 
said Workpiece. 

11. An electrode subsystem including an electrode, for use 
in a plasma processing apparatus including a processing 
chamber, means for applying a radio frequency Wave to said 
processing chamber, processing gas supplying means, and 
said electrode positioned inside said processing chamber, for 
installing a Workpiece, said electrode subsystem comprising: 

an insulating layer provided betWeen said electrode and 
said Workpiece; 

an electrically conductive material disposed at a pre 
selected part of said insulating layer; 

an impedance variable circuit for grounding said conduc 
tive material; and 
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terminals for supplying bias poWer and electrostatic 
attraction force to said electrode and to said conductive 
material, respectively. 

12. Aplasma processing apparatus for processing a Wafer 
as ions in a plasma are induced, comprising a specimen 
installing stage on Which the Wafer is installed; an Wafer 
installing surface of said stage electrically isolated; a circuit 
connected With the electrically isolated Wafer-installing sur 
face supplied With a bias poWer; and adjusting means for 
making equally adjustable an impedance of the circuit 
through Which a current ?oWs from each position on said 
Wafer to the ground through said Wafer and said plasma. 

13. A plasma processing apparatus comprising: 

a specimen-installing stage electrically insulated from a 
grounded vacuum vessel; 

said stage including a ?rst electrode forming a base, an 
insulating ?lm provided on said ?rst electrode and 
having its outer peripheral portion thicker than the 
thickness of its center portion and a second electrode 
provided Within the outer peripheral portion of said 
insulating ?lm and at a position having the same 
thickness as the center portion of said insulating ?lm, 
said ?rst electrode being connected to a radio frequency 
poWer supply; and 

an impedance adjuster electrically connecting said ?rst 
electrode and said second electrode. 

14. Aplasma processing apparatus according to claim 13, 
Wherein said insulating ?lm includes a ?rst insulating ?lm 
provided betWeen said ?rst electrode and said second elec 
trode and a second insulating ?lm provided on a side of 
specimen-installing surface. 

15. A plasma processing method of processing a Wafer 
While inducing ions in a plasma thereto, comprising the steps 
of: 

changing an impedance of each position on a Wafer 
installing surface of a specimen-installing stage on 
Which the Wafer is installed during a plasma process 
such that the bias potential difference Within the Wafer 
surface through the plasma at a plurality of said posi 
tions due to bias voltages applied to the Wafer is 
reduced to a breakdoWn voltage of transistors formed 
on said Wafer or less; and 

subjecting said Wafer to a plasma process. 
16. Aplasma processing method for a substrate of a Wafer, 

comprising the steps of: 

causing a value of an applied self bias voltage (Vdc) at 
each position Within the surface of a Wafer minus an 
average of the applied self bias voltage (Vdc) Within 
the surface of the Wafer to indicate a minus value, and 

adjusting an impedance of a position on the Wafer in 
Which an absolute value of said minus value is larger, 
so as to increase. 


