SPaf®| CATION Title of the Invention PLASMA PROCESSIGCGZABRARATUS 6
Background of the invention The present invention relates tot@&ggw‘
procesgsing apparatus for surface treatnent to etch a 10 substrat rto
forma thin filmwith a plasma by supplying a radio-frequency el ectric
field to an antenna, generating an electric field, and thereby generating a
plasma by the eljectric field. Mre particularly, the invention relates to a
sem conductor 15 processi ng apparat&S for processing a sem conductor
device. In a sem conductor processing apparatus for generating a plasnma by
i nduction by feeding an el ectri gptrraidarirena coi |l -shaped antenna, there is
a 20 probl em that a vacuum chanber wall made of an inconductive materi al
and encl osi Rg +3ePLESHRICAPERELIAY UNi t BPASEA! PRECESVINGD a vacuum
atmosphere is partly renoved by the pl agpBarAfy®rder to solve this problem
there has been conceived a nmethod using 25 a field called the "Faraday
shield", asg@ S84 LR JaRabsséEn Bd.ent Lai d- Open No. 502971/1993. If the
Faraday shiel'd I's used, however, the plasma ignitability is so deteriorated
that the plasma ig§gh &eggﬂkpggvggkgﬁﬁ @eyé%é 9 ﬁﬂéﬁﬁa@s tens of KVis 30
appl i ed 10 (e 1,080 0 SEHLFA RS Ohot MG E kL AR et ta etch o
10 substrate or to form a thin film with a plasma by
supplying a radio—-frequency electric field to an
antenna, generating an electric field, and thereby
generating a plasma by the electric field. More
particularly, the invention relates to a semiconductor
15 processing apparatus for processing a semiconductor
device.
In a semiconductor processing apparatus for
generating a plasma by induction by feeding an
electric current to a coil-shaped antenna, there is a
20 problem that a vacuum chamber wall made of an
inconductive material and enclosing a plasma
generating unit so as to establish a wacuum atmosphere
is partly removed by the plasma. In order to solve
this problem, there has been conceived a method using
25 a field called the "Faraday shield", as disclosed in
Japanese Patent Laid-Open No. 502971/1993. If the
Faraday shield is used, however, the plasma
ignitability is so deteriorated that the plasma is not
ignited unless a voltage as high as tens of KV is
30 applied to the.feeding portion of the coil-shaped
antenna. This apparatus may fail with a high
possibility by the discharge between the antenna and a
conductive structure nearby. In order to prevent this
discharge, an additional structure is needed to
35 insulate the antenna from the existing structure,
causing the apparatus to be complicated.
When a Faraday shield is used to reduce the
partial removal of the wall, foreign matters are
liable to adhere to the wall and to appear if its
40 sticking rate to the wall from the plasma is
accelerated. Therefore the partial removal of the
wall must be adjusted according to the process.
The plasma density distribution is determined
. mainly by the generation rate distribution and by the
45 state of transportation of ions and electrons. In the
absence of the external magnetic field, the
transportation of the plasma diffuses isotropically in
every direction. At this time, electrons instantly
escape and tend to reach the wall of the vacuum



antenna. This apparatus may fail with a high possibility by the discharge
bét ween the antenna and a conductive structure nearby. In order to prevent
this discharge, an additional structure is needed to 35 i nsul ate the
antenna fromthe existing structure, causing the apparatus to be
conplicated. Wen a Faraday shield is used to reduce the partial renoval of
the wall, foreign matters are liable to adhere to the wall and to appear if
its 40 sticking rate to the wall T dmt he plasma is accel erated.
Therefore the partial renoval of the mall nust be adjusted accordlng to the
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10 is termed the plasma potential Vp, approximately

expressed by Vp = Te x An(mi/me), where Te, mi and me
are the electron temperature, the mass of an ion, and
the mass of an electron, respectlvely In the plasma,
the potential distribution is determined by the
15 potential Vp and the wall potential ({ordinally at 0 V),
so that the density distribution is correspondlngly
determined. Since, in this case, the plasma is
confined by the electrostatic field established by
. itself, the density distribution is determined by the
20 shape of the apparatus, the place where the induced
electric field takes on the maximum, and the ratio of
the generation ratio/the bipolar diffusion flux.
When the coil is wound by several turns on the
vacuum chamber, for example, the magnetic flux
25 generated by the coil takes on the maximum at the
- central portion so that the induced electric field
takes on the maximum at the central portion. Moreover,
the induced electric field cannot penetrate deeper
than about the skin depth, e.g., 1 em, so that both
30 the ionization factor and the dissociation factor take
on their maximums at the radially central portion (in
the direction of arrow r) and just below the
dielectric member (in the direction of arrow z).
After this, the plasma diffuses towards the wafer side
35 (downstream side). In the case of an ordinary chamber
having a cylindrical shape, therefore, the plasma
density is the maximum at the central portion in the
direction of arrow r, and the degree of central
concentration rises downstream so that the plasma
40 den51ty becomes nonuniform in the region where the
wafer is placed.




both the ions and electrons are bipolarly diffused toward the wall. At this
time, the potential of the plasma takes on its nmaxi mum where the plasm
density, i.e., the ion density is the nmaxi mum This potential 10 S
termed the plasma potential Vp, approximtely expressed by Vp [err] Te x
[err](m/me), where Te, m and ne are the electron tenperature, the nmass of
an ion, and the nass of an electron, respectively. In the plasm, the
potential distribution is determ ned @y‘the 15 potential Vp and the wall
potential (ordinally at O V), so that the density distribution is
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direction ofPx {J apparatus comprlslng an antenna for
generatlng an electric field in a plasma generating
. portion, a radio-frequency power source for supplying
15 radio-frequency electric power to said antenna, a
vacuum chamber enclosing the plasma generating portion
to establish a vacuum atmosphere, a Faraday shield
provided around said vacuum chamber, a gas supply unit
for supplying gas into said vacuum chamber, a sample
20 stage on which an object to be processed is placed,
and a radio-frequency power source for applying a
radio-frequency electric field to said sample stage; a
plasma being generated by accelerating electrons and
ionizing them by collision with the electric field
25 generated by said antenna, and thereby processing said
object, characterized in that a load is provided in
the earth portion of said antenna, the average
potential of said antenna is adjusted so as to improve
the ignitability at an plasma ignition time, and the
30 load is adjusted after the plasma is produced so that
the average potential of said antenna may be close to
that of the earth, and the removed amount of the wall
of said vacuum chamber after the plasma generation may
be small.
35 Here, the phenomenon that the average potential
' of the antenna comes close to that of the earth means
that the potentials 30a and 30b of Fig. 4 are mutually
opposite in phase but substantially equal to each

other, that is, Va = -Vb.

40 Means for solving the above-specified problems
will be described with reference to Fig. 2. Fig. 2
shows an ordinary induction type plasma generating
apparatus. With this apparatus, the methods for
reducing the partial removal of the wvacuum chamber

45 wall around the plasma generating portion by the
plasma and for improving the ignitability of the
plasma are examined by changing the way of grounding
the Faraday shield and the antenna to the earth.

In this apparatus, a mixed gas of a chlorine gas



After 'this, the plasma diffuses towards the wafer side 35 (downstream
S|de) I n the case of an ordinary chanber having a cylindrical shape,
therefore, the plasnma density is the maxi numat the central portion in the
direction of arrowr, and the degree of central concentration rises _
downstream so that the plasma 40 density becones nonuniformin the region
where the wafer is placed. -3- Summary of the invention A first object
of the invention is to control the refoval extent of the vacuum chanmber
wal | around the plasma generating portlon by the plasma. A second 5
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_ the plasma is generated by feeding the antenna 1 with
10 radio-frequency electric power of 13.56 MHz generated
by a radio-frequency power source 10. In order to
suppress the reflection of the electric power, an

impedance matching unit 3 is used to match the
impedance of the antenna 1 with the output impedance

15 of the radio- frequency power source 10. The impedance
matching unit is the one using two capacitors of
variable capacitance, generally called an "inverted L
type". The other end of the antenna is grounded
through a capacitor 9 to the earth, and a switch 21 is

20  provided for shorting the capacitor 9. In order to
prevent the vacuum chamber 2 from being etched by the
plasma 6, moreover, a Faraday shield 8 is interposed
between the antenna 1 and the vacuum chamber 2. By
turning on/off a plurality of switches 22, the Faraday

25 shield can be brought into either the grounded state
or the ungrounded state. Fig. 3 is a perspective view
showing the state that the Faraday shield is installed.
This Faraday shield 8 is provided with a slit 14 for
transmitting the inductive electric field 15a

30 generated by the coil-shaped antenna 1, into the

. vacuum chamber but 1ntercept1ng an capacitive electric
field 15b. The plasma is ignited mainly with the
capac1t1ve electric field 15b. When the Faraday
shield is grounded to the earth, however, the

35 capacitive electric field from the antenna is hardly
transmitted into the vacuum chamber, thereby
deteriorating the ignitability of the plasma. When
the Faraday shield is not grounded to the earth, the
antenna and the Faraday shield are capacitively

40 coupled to bring the potential of the Faraday shield
close to the average potential of the antenna. Thus,
it is considered that the capacitive electric field is
established between the Faraday shield 8 and an
electrode 5, and hence the ignitability of the plasma

45 is not deteriorate so much.

: The capacitive electric field 15b is normal to
the wall of the vacuum chamber 2, so that the charged
particles in the plasma are accelerated to impinge
upon and damage the wall. Light 16 emitted from the



provi ded around said vacuum chanber, a gas supply unit for supplying gas
into said vacuum chanber, a sanple 20 stage on which an object to be
processed is placed, and a radio-frequency power source for applying a

radi o-frequency electric field to said sanple stage; a plasna being
generated by accelerating electrons and ionizing themby collision with the
electric field 25 generated by said antenna, and thereby processing said
obj ect, characterized in that a Ioad'ﬂ%'provided in the earth portion of
sai d antenna, the average potential of said antenna is adjusted so as to
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21 being off, that is, with the capacitor 9 being not
shorted, here will be described the optimum value of
15 the magnitude of the capacitance of the capacitor 9.
The experimental apparatus of Fig. 2 can be shown as
an equivalent circuit in Fig. 4. Then, the antenna 1
acts as the primary coil of a transformer, and the
plasma 6 acts as the secondary coil of the same. The
20 antenna 1 and the plasma 6 are coupled capacitively,
and their capacitance is shown by capacitors 3la and
3lb. The capacitance C of the capacitor 9 is
determined so that a relation of Va = -Vb always holds
between the potential Va at the position of the point
25 30a on the circuit and the potential Vb at the
position of the point 30b when the antenna has an
inductance L. When this condition is satisfied, the
potentials to be applied to the two ends of the
capacitors 3la and 31b are minimized, minimizing the
30 wall damage. Fig. 5 further simplifies the circuit of
Fig. 4, namely the antenna and the plasma are combined
together to an element 17 having one combined
impedance. The impedance of the element was
experimentally determined to be 21 = 2.4 + 1413(Q),
35 where j is a complex number. This measurement of the
impedance can be simply executed by measuring the
electric current flowing through an object to be
measured and the voltages at the two ends of the
object. The capacitor 9 has an impedance Z2 =
40 -{1-wC)j where ® is the angular frequency
corresponding to 13,56 MHz. For Va = -Vb, the
relation between the impedances Z1, %2 is (zZ1 + Z2) :
Z2 = 1 : -1 since the real part of Z1 is so small that
it can be ignored. The calculated electric
45 capacitance of the capacitor 9 is about 150 pF,
therefore, the relation Va = -Vb holds. Fig. 6
illustrates the results of calculation of the
amplitudes of the potentials at the point 30a (the
dotted curve) and the point 30b (the solid curve).



pl asma and for inproving the ignitability of the plasm are exam ned by
changi ng the way of grounding the Faraday shiel d and the antenna to the
earth. In this apparatus, a m xed gas of a chlorine gas -4- and a boron
trichloride gas is supplied into a vacuum chanber 2 made of alum na by the
gas supply unit 4. The gas is ionized to produce a plasna 6 wth the
electric field which is generated by a coil-shaped 5 antenna 1 of two
turns wound around the vacuum chanber ©.7 After this pl asma production, the
gas is discharged to the outside of the vacuum chanber by a di scharge unit
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I'n ordgg to capac1tance of the capac1tor to be connected to the
earth side of the antenna that the damage of the wall
is minimized.

Next, with the capac1tance of the capacitor 9
fixed at 150pF in Fig. 2, the removed amount of the
15 wall and the plasma ignitability were examined, as
tabulated in Fig. 15, when the switches 21 and 22 are
turned on or off. The wall removal is found to be
great when the switch 21 is on and the switch 22 is
off. Under this condition, the plasma ignitability is
20 excellent. Under the other conditions, however, the
wall removal can be reduced, but the plasma
ignitability is low. Therefore, it has been found
that the condition for little wall removal and for
excellent plasma ignitability is not present in this
25 system. However, these two purposes can be achieved
by operating either the switch 21 or the switch 22 so
as to reduce the wall damage after the plasma was
ignited under the condition that the switch 21 is on
and the switch 22 is off at the ignition time. Here,
30 it is better to use only the switch 21 for the
simplification of the apparatus structure. This is
partly because the potential of the Faraday shield has
to be lowered to zero as much as possible so as to
reduce the wall damage by using the switch 22, and
35 consequently the switch 22 has to be provided in
plurality, and partly because the Faraday shield has
to be grounded with the shortest distance to the earth
so that the plural switches 22 have to be provided
just near the antenna and the Faraday shield. If the
40 plural switches are arranged for those necessities at
the portion adjacent to the antenna and the Faraday
shield, the result is a complicated structure. This
complicated structure can be avoided with respect to
the switch 21 because only one switch 21 is connected
45 to the capacitor 9 side which is provided at a
considerable distance from the antenna.
The off state of the switch 21 is the state that
the capacitor of 150 pF is connected between the
antenna and the earth, and the on state of the switch




prevent the vacuum chanber 2 from being etched by the plasma 6, nobreover, a
Faraday shield 8 is interposed between the antenna 1 and the vacuum chamber
2. By turning on/off a plurality of switches 22, the Faraday 25 shield
can be brought into either the grounded state or the ungrounded state. Fig.
3 is a perspective view showing the state that the Faraday shield is
installed. This Faraday shield 8 is provided with a slit 14 for
transmtting the inductive electric Tikeld 15a 30 generated by the

coil -shaped antenna 1, into the vacuum chanber but |ntercept|ng an
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plasma can be reduced by varying the capacitance of
the capacitor 9. Moreover, the plasma ignitability

15 can be drastically improved by making the capacitance
of the capacitor 9 far larger or smaller than 150 pF
at the time of igniting the plasma.

By adjusting the capacitance of the capacitor
connected to the earth side of the antenna, as

20 described above, the removed amount of the wall by the
' plasma can be reduced to achieve the first object of
the invention. At the plasma ignition time, moreover,
the capacitance of the capacitor connected to the
earth side of the antenna can be changed to establish
. 25 an excellent ignitable state, thereby achieving the
second object of the invention.

Here will be examined a method for generatlng a
uniform plasma. When the coil-shaped antenna is
placed on the upper face of the vacuum chamber, the

30 induced electric field is generated at the central
portion, even if the diameter of the antenna is varied
to vary the intensity of the induced electric field in
the radial dlrectlon, 50 that the plasma density
distribution is nonuniformly concentrated at the

35 center. This tendency of concentration of the plasma
density at the center is not varied even if a
plurality of antennas are arranged to vary the
distance between each antenna and the dielectric
member. Fig. 21 illustrates one example of the

40 calculation of the plasma density distribution when
the antenna is placed on the vacuum chamber like Fig.
21 (a). From this calculation, when the ratio of the
apparatus height H to the radius R (the aspect ratio)
is as large as H/R = 20/25, as illustrated in Fig.

45 21{b), the plasma density at the place, just below the
antenna (z = 2 cm), where the antenna is present takes
on its maximum and increases in its absolute value (z

= 10 cm) downstream (in the direction where the value
z increases) but small just above the substrate. It




upon ‘and damage the wall. Light 16 emtted fromthe -5- plasma was
observed with a spectroscope 20, and the renoval of the wall was neasured
by observing the light em ssion strength of alum numin the plasna as the
wal I al um num was renoved. 5 First of all, here will be described a
met hod for optimzing the capacitance of the capacitor 9 connected to the
earth portion of the antenna in the experlnental apparatus shown in Fig. 2
so that the renoval of the wall may ~b& Feduced. In the foll owi ng, 10 t he
conduction state between the two ends of the switch will be referred to as
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10 the boundary condition that the plasma density is zero
on the vacuum chamber wall and by the generation rate
distribution, i.e., the antenna position. Even if the
antenna position is changed, as illustrated in Fig.
21{d), and if a plurality of antennas are placed to

15 change the power distribution, the shape of the
density distribution remains unchanged. When the coil
is provided on the upper face, the induced electric
field generated by the antenna takes on its maximum
just below the antenna, so that a centrally

20 concentrated distribution is always established on the
downstream.

In the case of arrangement in which the antenna

is wound horizontally around the vacuum chamber like
Fig. 22(a), the induced electric field takes on its

25 maximum on the side face of the chamber. A sheath is
formed on the side face of the chamber, so that the
plasma density takes on its maximum slightly inside
the sheath, at the place the closest to the antenna.
As shown in a horizontal section at this time, the

30 potential is higher at the sheath end than at the wall
and than at the plasma center so that the plasma is
transported to the two sides from the sheath.
Simultaneously with this, the plasma flows downstream
from that position, and hence the density distribution

35 is uniform in a portion in a horizontal section, at a
distance in the z direction from the highest density
portion. In the case of a cylindrical apparatus, for
example, a concave distribution may be established in
the vicinity of the wafer for a small H/R ratio, and a

40 convex distribution may be established for a
sufficiently large H/R ratio where H is the height of
the apparatus and R is the radius thereof, so that the
plasma density distribution can be controlled to some
extent (refer to Fig. 22(b)). The dominant factors at

45 this time are the shape of the apparatus, i.e., the
ratio H/R. When the antenna is provided on the side
face, however, the plasma density is lowered by the
reduction in the coupling efficiency due to the large
coupling area of the antenna and the plasma and by the
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between the potential Va at the position of the point 25 30a on the
circuit and the potential Vb at the position of the point 30b when the
antenna has an inductance L. Wien this condition is satisfied, the
potentials to be applied to the two ends of the capacitors 3la and 31b are
mnimzed mnimzing the 30 wall danmage. Fig. 5 further sinplifies the
circuit of Fig. 4, nanely the antenna and the plasna are conbi ned toget her
to an elenent 17 having one conblned'ﬁhpedance The i npedance of the

el ement was experinmentally determined to be Z1 = 2.4 + 141j([err]), 35
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appara Us shape and the antenna arrangement,
but the third object of the invention is achieved by
such a construction where the upper face of the vacuum
chamber has a smaller area than that of the lower face,

15 and the upper face is flat.

In the plasma processing apparatus, preferably,
the angle between the edge at which the lower face and
the upper face intersect and the normal of the upper
face is not less than 5 degrees.

20 In the plasma processing apparatus, more
preferably, the ratio of the apparatus height H (the
distance from the object to be processed to the upper
face) to the lower surface radius Rd of the vacuum
chamber is not more than 1.



-6- The graph shows the capacitance of the capacitor 9 as the abscissa, and
t'he anplitudes of the generated potentials as the ordinates. As a result,
the generated potentials were nutually equal in the 5 vicinity of the
capaci tance of 150 pF of the capacitor 9, the phases of the oscillating
voltages at that tine were shifted by 180 degrees, and the relation of Va =
-Vb was satisfied. This nmakes it possible to determ ne by the nethod thus
far described such a 10 capaC|tancéibF'the capacitor to be connected to
the earth side of the antenna that the danage of the wall is mnimzed.
Next, with a f 9 fixed at 150pF in Fi 2, the
rem)ved armé%?e% B %&£?[§IEI§OI? #%e E}f}gj %ﬂB #gnﬁe e egam ned,
as tabulateggl wﬂe %1 8- on or off.
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ig. sho s n equl alent circuilt diagram of an
experimental system used for verifying the invention.
Fig. 6 shows a graph illustrating the amplitude
of a potential established between the two ends of an
antenna.
15 Fig. 7 shows a diagram of an experimental system
used for verifying the invention.
Fig. 8 shows a structure of a second embodiment
of the invention.
Fig.Qshows a structure of a third embodiment of
20 the invention.
Fig. 10 shows a fourth embodiment of the
invention.
Fig. 11 shows a structure of a fifth embodiment
of the invention.
25 Fig. 12 shows a structure of a sixth embodiment
of the invention.
Fig. 13 shows a structure of a seventh embodiment
of the invention,
Fig. 14 shows a perspective view of a plasma
30 processing apparatus indicating the flow of eddy
current in the seventh embodiment of the invention.
Fig. 15 shows a table indicating the switches 21
and 22, the removed amount of the wall of a vacuum
chamber and RF powers necessary to 1gnite a plasma.
35 Fig. 16 shows a plasma processing apparatus of an
eighth embodiment of the invention.
Fig. 17 shows a plasma processing apparatus of a
ninth embodiment of the inwvention.
Fig. 18 shows a plasma processing apparatus of a
40 tenth embodiment of the invention.
Fig. 19 shows a plasma processing apparatus of an
eleventh embodiment of the invention.
Fig. 20 a plasma processing apparatus of a
twelfth embodiment of the invention.
45 Fig. 21 the plasma density distribution when the
antenna is placed on the upper face.
Fig. 22 shows the distribution of ion current
incident on the wafer when the antenna is placed on
the side face.




as to reduce the wall danmage after the plasma was ignited under the
condition that the switch 21 is on and the switch 22 is off at the ignition
time. Here, 30 it is better to use only the switch 21 for the
sinplification of the apparatus structure. This is partly because the
potential of the Faraday shield has. to be lowered to zero as nuch as
possible so as to reduce the wall damgge by using the swtch 22, and 35
consequently the switch 22 has to Héqgr6Vided in plurality, and partly
because the Faraday shield has to be grounded with the shortest distance to

the earth so thaEéEhezgl eisgnijﬂgﬁ%gyétg§%§fgﬁ QQIB%QYhQQHgJUSt near the

ant enna and ural swtches are arranged

struct uge C%Be tO t e S ecause only one

swtch 21 i s con i vided at a
consi der abl gbégq §m£58¥& gqégﬂp f §}%F§Qo%g ﬁg E&gtch 21 is
the state t a aci tor of |s connected bet ween the antenna and
the earth, and the on state of the smntch -7- 21 is identical to the
state &Gat b%%aﬁiBECaéééffbéaon of preferred embodiments

for those necesg eszgt ggr& talt enna and the
Faraday shi gl gtrﬁg ;{% ok % 3{:% ry t%ﬁglwg@bé ggnpl i cated

Embodiments of the present invention will be
described in the following. Fig. 1 shows a first
embodiment of the semiconductor processing apparatus

15 according to the present invention. In the present
apparatus, a material gas of oxygen, chloride, boron
trichloride or the like to be used for processing a
semiconductor is supplied into a vacuum chamber by a
gas supply unit 4 and is ionized to generate a plasma

20 6 with the electric field which is generated by a
coil-shaped antenna 1. After this plasma generation,
the gas is discharged to the outside of the vacuum
chamber by a discharge unit 7. The plasma generating
electric field is generated by supplying the antenna 1

25 with radio-frequency electric power which is generated
by a radio-frequency power source 10 of 13.56 MHz,
27,12 MHz, 40.68 MHz or the like. In order to
suppress the reflection of the electric power, however,
an impedance matching unit 3 is employed to match the

30 impedance of the antenna 1 with the output impedance
of the radio-frequency power source 10. The impedance
matching unit is of a so-called inverted L type.
Depending on the frequency or the structure of the
antenna, however, it is necessary to employ an

35 impedance matching unit by which matching is easy.

The other end of the antenna 1 is grounded to the
earth through a capacitor 9 having a variable
capacitance. Between the antenna 1 and the vacuum
chamber 2, there is interposed a Faraday shield 8 for

40 preventing the vacuum chamber 2 from being adversely
etched by the plasma 6. The Faraday shield is not
electrically grounded. As shown in Fig. 3, moreover,
the Faraday shield 8 has a slit perpendicular to the
direction in which the coil of the antenna is wound.

45 A semiconductor wafer 13 to be processed is placed on
an electrode 5. In order to attract ions existing in
the plasma to the space above the wafer 13, an
oscillatory voltage is applied to the electrode 5 by a
radio-frequency power source 12, It is important, as



the capacitor 9 is increased to infinite in a radio- frequency band of HF
or VHF. This neans that the wall renoval increases nore as the capacitance
of the 5 capacitor 9 is raised to a higher level from 150 pF. The wall
renoval al so increases even if the capacitance of the capacitor 9 is
| owered from 150 pF. Thus, the wall renmoval can be controlled by varying
t he capacitance of the capacitor 9. 10 In an apparatus shown in Fig.
7, the capacitance of the capacitor™ 9Zonnected to the earth side of the
antenna 1 is variable, so that the wall renoval by the plasma can be

tanc of the ca citor ver, the plasm
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than that which minimizes the wall removal. The
capacitance is adjusted to about two times or one half
as large as the value which minimizes the wall removal,

15 so that the plasma can be ignited with the radio-
frequency power of several tens of watts.

After this plasma ignition, the capacitance of
the capacitor 9 is brought closer to the value
minimizing the damage so that the scraping of the wall

20 may be minimized. When the wall should be partly
removed to some extent from the standpoint of a
foreign substance, the capacitance of the capacitor 9
is determined to be a value to cause desired removal.
The optimum value has to be determined by repeating

25 the semiconductor process.

A second embodiment of the invention will be
described with reference to Fig. 8. The basic
construction of the apparatus of the present
embodiment is identical to that of the first

30 embodiment, but what is different from the first
embodiment is the structure of the capacitor provided
at the earth side of the antenna 1. In the present
embodiment, two capacitors, a capacitor %a and a
capacitor 9b are connected in parallel with the earth

35 side of the antenna 1. Of these, the capacitor %a is
connected directly to the earth whereas the earth 9b
is connected through a switch 21 to the earth.

When the capacitance of the capacitor 9a is
adjusted to the value to minimize the damage, the

40 capacitance provided to the earth side of the antenna
1 is increased by the amount corresponding to the
capacitance of the capacitor 9 by turning on the
switch 21 at the time of igniting the plasma, so that
the plasma ignitability is improved by making the

45 capacitance of the capacitor 9b sufficiently high.
After the plasma ignition, the switch 21 is turned off
to minimize the removal of the wall. If the removal
is desired to some extent from the standpoint of
foreign substance, as in the first embodiment, the




30. induced electric field is generated at the central portion, even if
the diameter of the antenna is varied to vary the intensity of the induced
electric field in the radial direction, so that the plasma density
distribution is nonuniformy concentrated at the 35 center. This _
tendency of concentration of the plasma density at the center is not varied
even if a plurality of antennas are arranged to vary the distance between
each antenna and the dielectric menbet3 Fig. 21 illustrates one exanple of
the 40 cal cul ati on of the plasna density distribution when the antenna is
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or of Flg. 8. When the capacitor
reducedl,o asg has tanatcapac:L’t:an e C, the inductor 19 has an
inductance L and the radio-frequency power source 10
outputs radio-frequency waves having an angular
frequency ®, the impedance Z between the earth side of
the antenna and the earth is expressed by Z2 = ~(1/wC)j,
15  when the switch 21 is off, and by Z = - (1/(0C~-1/0L)}) j
when the switch 21 is on. When the capacitance of the
capacitor 9 is adjusted to minimize the wall removal,
with the switch 21 off, the value Z can be changed by
operating the switch 21 to improve the ignitability of
20 the plasma. At the time of igniting the plasma,
therefore, the switch 21 is turned on to ignite the
plasma. After the plasma ignition, the switch 21 is
turned off to minimize the wall damage. If the wall
should be partly removed to some extent from the
25 standpoint of foreign matter, the capacitor 9 may be
set to the value for the desired wall scraping.

In the third embodiment, there has been described
a method of varying the impedance of the load
connected between the antenna and the earth, by

30  combining the capacitor, the inductor and the switch.
By using means other than that of this embodiment for
varying the value of the impedance of the load, it is
possible to establish a state that an excellent plasma
ignitability is achieved and a state that a smaller

35 wall removal is achieved. _

A fourth embodiment of the invention will be
described with reference to Fig. 10. The basic
construction of the apparatus of the present
embodiment is identical to those of the first, second

40 and third embodiments, but the difference of the
present embodiment is that the Faraday shield 8 made
of a conductive material is buried in the wall of the
vacuum chamber 2 made of an inconductive material. As
the material for the vacuum chamber 2, there is used

45 alumina or glass. Since a metal such as chromium or
aluminum can be easily fused to the alumina, a pattern
thereof can be formed in the aluminum. When glass is
used, a metal foil can be buried in the glass as in
the defrosting heater of an automobile.



5 . 21(c), the density distribution is substantially identical to that of
Fig. 21(b), but the plasma distribution just above the substrate is gentler
than that of (b) and is concentrated at the center. The plasma density
distribution is determ ned by 10 the boundary condition that the plasna
density is zero on the vacuum chanmber wall and by the generation rate
distribution, i.e., the antenna p05|t|on Even if the antenna position is
changed, as illustrated in Fig. 21(6) dand if a plurality of antennas are
pl aced to 15 change the pomer di stribution, the shape of the denS|ty
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embodiment is that the wall surface of the vacuum
chamber 2 made of a inconductive material is covered

15 with a film made of a conductive material and acting
as the Faraday shield. In the present embodiment, as
an example, the internal side of the vacuum chamber on
the plasma side is coated with the conductive Faraday
shield 8, but similar effects can be attained even

20 when the atmospheric side of the vacuum chamber is
coated with the Faraday shield 8.

In the present embodiment, the plasma 6 comes in
direct contact with the Faraday shield 8, and
therefore the wall of the vacuum chamber 2 is partly

25 removed by the plasma 6 at the slit portions of the
Faraday shield 8. In an oxide film etching process
using oxygen as the material gas, although depending
upon the process, the excellent fusibility between
alumina and aluminum is utilized, realizing

30 construction in which an insulating material is coated
with a conductive material, by using a Faraday shield
8 of conductive aluminum and a vacuum chamber 2 of
1nsulat1ng aluminum. In the case of the metal process
in which the material gas is chlorine or boron

35 trichloride, the purpose can be achieved by adopting
alumina as the insulating material and SiC as the
conductive material. Many other combinations can be
conceived, and similar effects can be expected from
any combination if the combination brings about such

40 performances that the coating conductive material is
hardly removed even if the temperature of the vacuun
chamber rises, and that both the insulating material
and the conductlve material are hardly removed by the
plasma.

45 A sixth embodiment of the invention will be
described with reference to Fig. 12. The basic
construction of the apparatus of the present
embodiment is identical to those of the first, second
and third embodiments, but what is different from




Si mul taneously with this, the plasma flows downstream fromthat position,
and hence the density distribution 35 is uniformin a portionin a
hori zontal section, at a distance in the z direction fromthe hi ghest
density portion. In the case of a cylindrical apparatus, for exanple, a
concave distribution may be established in the vicinity of the wafer for a
small HRratio, and a 40 convex distribution nmay be established for a
sufficiently large HR ratio where H 18 the hei ght of the apparatus and R
is the radius thereof, so that the plasm density dlstrlbutlonfcan be 45
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Faraday shield 8 and the earth, at the frequency of
the radio-frequency power source 10 for generating the
plasma. For this necessity, if the grounded resistor
18 has a resistance R and if the radio-frequency waves

15 to be outputted by the radio-frequency power source 10
have an angular frequency w, the resistance R should
satisfy R > 1/wC. In other words, the Faraday shield
and the earth are coupled to the load to give a higher
impedance than that of the capacitance between the

20 Faraday shield and the earth, at the high frequency
for generating the plasma, and the impedance of the
load is low in direct current, thereby preventing the
Faraday shield from being charged at the end of the
operation.

25 A seventh embodiment of the invention will be
described with reference to Fig. 13. The basic
construction of the apparatus of the present
embodiment is identical to that of the sixth
embodiment, but what is different from the sixth

30 embodiment is that the wvacuum chamber 2 is made of a
conductive material to produce the effect of the
Faraday shield. ,

Since the vacuum chamber also acting as the
Faraday shield cannot be provided with a slit to shut

35 off the inductive electric field, as has been
described with reference to Fig. 3, the inductive
electric field has to be able to pass by adjusting the
thickness of the wall of the conductive vacuum chamber.
Here will be disclosed a structure in which the vacuum

40 chamber is electrically floated from the earth by an
insulating flange 24.

In the case of the present embodiment, no work of
providing a Faraday shield around the vacuum chamber
is required, improving the workability. In the

45 present embodiment, the circuit for adjusting the
average potential to a larger absolute value than that
at the vicinity of the earth or of the earth itself is
identical to that of the sixth embodiment.

Fig. 14 is a perspective view showing the




procéssed is low As thus far described, the plasma density 10

di stribution of the inductively coupled plasma varies with the apparatus
shape and the antenna arrangenent, but the third object of the invention is
achi eved by such a construction where the upper face of the vacuum chanber
has a smaller area than that of the |ower face, 15 and the upper face is
flat. In the plasnma processing apparatus preferably, the angle between the
edge at which the | ower face and the per face i ntersect and the normal of
t he upper face is not Iess than 5 degrees In the plasm
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vacuum ¢chamber 2 having a cyllndrlcal shape. If a
relatlon R > oL holds among the resistance R, the
inductance L in the path of the eddy current and the

10 angular frequency ® of the radio-frequency waves
outputted from the radio-frequency power source 10,
the eddy current attenuation by the resistor is
increased and hence the inductive electric field is
transmitted into the wvacuum chamber.

15 The vacuum chamber 2 has to be made of such a
material that it is hardly removed by the plasma,
because it is directly exposed to the plasma as in the
fifth embodiment. Since the vacuum chamber ordinarily
has a wall as thick as about 2 cm, it may be made of a

20 material having an electrical resistivity of about
0.02 Qm so as to achieve such a skin thickness at a
frequency of 13.56 MHz,

The wvacuum chamber 2 is insulated from the earth
by using the insulating flange 24 and is equipped with

25 the charge preventing resistor 18 as in the sixth
embodiment. The resistance of the resistor 18 has to
be a higher impedance than that between the Faraday
shield and the earth at the frequency of the radio- .
frequency power source 10 for generating the plasma.

30 In the semiconductor processing, a bias voltage is
applied to the electrode 5 by the radio-frequency
power source 12. If the plasma is electrically
floated from the earth, however, a high bias voltage
is not generated between the plasma and the electrode.

35 In order to prevent this, the plasma has to be brought
as much as possible into contact with the earth
thereby to lower the potential of the plasma. This
lowering of the potential of the plasma can be
achieved by allowing the resistance of the resistor 18

40 to have a lower impedance than that between the
Faraday shield and the earth in the frequency band of
the radio-frequency power source 12.

The present embodiment is directed to an
apparatus in which the vacuum chamber is wholly made

45 of the conductive material. Similar effects could be
achieved by eliminating the slits from the Faraday
shields of the foregoing embodiments and by adjusting
the thickness of the conductive material as in the
present embodiment.



Fig. "4 shows an equivalent circuit diagramof the experinental system used

for verifying the invention. 10 Fig. 5 shows an equivalent circuit

di agram of an experinmental systemused for verifying the invention. Fig. 6
shows a graph illustrating the anplitude of a potential established between
the two ends of an antenna. 15 Fig. 7 shows a diagram of an
experinental systemused for verifying the invention. Fig. 8 shows a
structure of a second enbodi ment of™t Tnvention. Fig.9 shows a structure

of a third enbodi nent of 20 t he invention Fig. 10 shows a fourth
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processing a us cons@ruction of the present embodiment is

10 identical to those of the first, second and third
embodiment. What is different from the other
embodiments is that the area of the upper face 2a (far
from the electrode 5 for the object to be processed)
of the vacuum chamber is smaller than that of the

15 lower face. Preferably, the upper face is flat. In
the invention thus constructed, the degree and
position of the coupling of the plasma and the antenna
can be varied according to the arrangement of the
antenna, the number of turns of the antenna, the

20 distance between the antenna and the vacuum chamber,
and so on. When the number of turns of the coil of
the antenna is one the antenna is installed
horizontally, for example, the coupling position is
varied as the antenna is moved vertically, as

25 illustrated in Fig. 23{a). When the number of turns
of the coil is more than one, the coupling state can
be varied (Fig. 23(b)) according to the wvertical
position of the antenna and the distance between each
of the turns and the vacuum chamber. The antenna may

30 be moved upward, when the density at the central
portion is increased, and downward when the density is
intended to have a distribution where the density is
high at the periphery. Thus, the coupling position
can be varied because the apparatus shape is given a

35 gradient by the large upper face area and the small
lower face area. In the case of an inductive coupling
plasma, the electrons/ions are isotropically diffused
towards the chamber wall by the bipolar diffusion so
that their distributions are influenced by the chamber

40 shape. As a result, the plasma distribution is easily
flattened if the upper face is flat. The control of
the plasma density distribution is facilitated by the
antenna arrangement and the characteristic apparatus
shape. Because of the static field by the antenna 1,

45 moreover, many foreign matters and reaction products
are produced in the vicinity of the antenna by the
interaction between the plasma and the wvacuum chamber
wall 2. Because of the large area of the lower face,
however, a path is formed along the chamber wall and



ei ght'h enbodi nent of the invention. Fig. 17 shows a plasma processing

appar atus of a ninth enbodi nent of the invention. Fig. 18 shows a plasma
processi ng apparatus of a 40 tenth enbodi nrent of the invention. Fig. 19
shows a pl asnma processi ng apparatus of an el eventh enbodi nment of the
invention. Fig. 20 a plasm processing apparatus of a twelfth enbodi nent of
the invention. 45 Fig. 21 the | asma density distribution when the
antenna is placed on the upper face” g’ 22 shows the distribution of ion
current incident on the mefer when the antenna is placed on t he side face.
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A ninth embodiment of the invention is shown in .

Fig. 17. The basic apparatus construction of the

10 present embodiment is identical to that of the eighth
embodiment. What is different from the other
embodiments is that the angle between the edge where
the upper face 2a of the vacuum chamber 2 and the
lower face 2b thereof intersect and the normal of the

15 upper face is not less than 5 degrees. Fig. 24 shows
the distribution of the density of the ion current
incident on the surface of the object when the shape
of the vacuum chamber is such that, for example, the
ratio of the upper surface radius Ru to the lower

20 surface radius Rd is 4 : 5. For the vacuum chamber
height H = 13 cm, the ion current is flat up to ¢ =
300 (r = 15 em). If the height H is increased, the
distribution is shown by a curve the center of which
is rather high. It has also been confirmed that the

25 curve is high at the periphery when the height H is

decreased. If tan™{{(Rd-Ru)/H} = 5 degrees, it is
possible to realize the distributions which are flat
and higher at the central portion and at the periphery.
Fig. 18 shows a tenth embodiment of the invention.
30 The basic apparatus construction of the present
embodiment is identical to that of the eighth
embodiment, but what is different from the other
embodiments is that the ratio H/R of the height H
(i.e., the distance from the electrode 5 to the upper
35 face 2a) of the vacuum chamber 2 to the lower surface

radius Rd of the vacuum chamber 2 is H/Rd = 1. This
relation is satisfied, for example, by the shape of
the vacuum chamber of Fig. 24(a).
Fig. 19 shows an eleventh embodiment of the

40 invention. The basic apparatus construction of the
present embodiment is identical to that of the eighth
embodiment, but what is different from the other
embodiments is that magnetic field generating means 26
is disposed outside the vacuum chamber 1. The plasma

45 density distribution just above the substrate in the
presence of the magnetic field is illustrated in Fig.
'25. From the graph showing the plasma density
distribution, it is found that the plasma density is
higher in the periphery as the magnetic field is




15 according to the present invention. |In the present apparatus, a

mat eri al gas of oxygen, chloride, boron trichloride or the Iike to be used
for processing a seniconductor is supplied into a vacuum chanber by a gas
supply unit 4 and is ionized to generate a plasnma 20 6 with the electric
field which is generated by a coil-shaped antenna 1. After this plasm
generation, the gas is discharged to ige_outside of the vacuum chanmber by a
di scharge unit 7. The plasma generati electric field is generated by
supplying the antenna 1 25 wth radio- frequency el ectric power which is
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electrode 5 or on the inner 51de of the upper face 2a

of the vacuum chamber. Moreover, radio-frequency

15 voltage applying means 28 is preferably connected with
the plate 27 to apply radio-frequency waves. Instead
of the radio-frequency waves a pulsating DC voltage
may be used. Alternatively, the plate 27 may be
grounded to the earth. According to the present

20 embodiment, electrode 5 can define a plasma voltage
and adjust plasma distribution finely. The present
embodiment is used when plasma cleaning is carried out.
The quantlty or distributiuvon of radicals and reaction
products in plasma can be changed by controlling the

25 conditions of chamber wall.

By employing the present embodiment, the partial
removal of the vacuum chamber wall enclosing the
plasma generating portion by the plasma can be
controlled while improv1ng the plasma ignitability.

30 Moreover, by varying the degree and position of
the coupling of the plasma and the antenna according
to the arrangement of the antenna, the number of turns
of the coil of the antenna, the distance between the
antenna and the vacuum chamber and so on, the plasma

35 distribution can be controlled to establish a uniform
plasma.



the Faraday shield 8 has a slit perpendicular to the direction in which the
coil of the antenna is wound. 45 A sem conductor wafer 13 to be processed
is placed on an electrode 5. In order to attract ions existing in the

plasma to the space above the wafer 13, an oscillatory voltage is applied
to the electrode 5 by a radio-frequency power soufE%i%?~‘TT“s—Tnpﬁ+%ant

as - 12 - has been described in the section Ma ”Et,ml
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10 gas supply unlt for supplying gas into said vacuum
chamber, a sample stage on which an object to be
processed is placed, and a radioc-frequency power
source for applying a radio-frequency electric field
to said sample stage; a plasma being generated by

15 accelerating electrons and ionizing the gas by
collision with the electric field generated by said
antenna, and thereby said object being processed,
characterized in that a load is provided in an earth

_ portion of said antenna, the average potential of said

20 antenna is adjusted so as to improve the ignitability
at an plasma ignition time, and the load is adjusted
after the plasma is produced so that the average
potential of said antenna may be close to that of the
earth and the removed amount of the wall of said

25 vacuum chamber after the plasma generation may be
small.

2. A plasma processing apparatus in Claim 1,
characterized in that said antenna is a coil.
30
3. A plasma processing apparatus in Claim 1 or 2,
characterized in that a capacitor of variable
capacitance or an inductor of wvariable inductance is
used as the load to be inserted on the earth side of
35 said antenna, thereby changing the magnitude of said
load.

4, A plasma processing apparatus in Claim 1 or 2,
characterized in that a capacitor of a fixed

40 capacitance or an inductor is combined with a switch
as the load to be inserted on the earth side of said
antenna, thereby providing two or more kinds of load
value to said load.

45 5. A plasma processing apparatus in any of Claims 1 to
4, characterized in that the removed amount of the
wall is controlled by controlling the level of the
average potential of the entire antenna even after the
plasma generation.



the capacitor 9 is brought closer to the value mnimzing the damage so
that the scraping of the wall 20 may be m nimzed.  Wien the walt—shoul d
be partly renoved to sone extent fromthe standp0|n

substance, the capacitance of the capacitor 9 is deL !1', w%uy,val ue
to cause desired renoval. The optimum val ue has to be

repeating 25 t he sem conduct or process. A second enbodi nent of the

invention will be described with refeterice to Fig. 8. The basic
construction of the apparatus of the present enbodi nent |s identical to

t hat of the f| %reﬂ OQ]EQE first
o S B RS Bt el o0
and a capac Q} re connec ed 11 laraﬂ“:t &\/}Oa IEﬁl‘t §H‘g si de of

R

t he antenna ? ese, the capacitor 9a is connected dlrectly to the

earth ere %he eaﬁth 9b és connectedtthrough a h 21 o the earth.
When t he cagac 89183 B3PI %%1 E{H%a@‘a &%aﬁ%tég af"ﬁlg aF fle to
§d

nini ni ze th&7dS ﬁéz Eﬁrth side of the
t 1 i SPAR g P&tﬁﬁé 88 t f

?EeEQQE%C|t§Pa§b § ¥a tﬁ ﬁﬁh;h%ﬁﬁe Qﬁgﬁ? %gﬁlﬁgg ‘time of Pgn:tﬁzgetge

pl asma;*"s ha | asma i thab|I| s i,np ed gy maki ng the 45

Capaci ancetpi P hiAckacEFherSelid an suie‘é“qi“t@@

arac e in contact
w1th the plasma, of the vacuum chamber wall is coated
with said conductive material, and said conductive
15 material is hardly removed by the plasma thereby to
decrease the removed amount of the wall.

9. A plasma processing apparatus in any of Claims 1 to

4, characterized in that said Faraday shield and said
20 earth are coupled by a load having a higher impedance

than that of the capacitance between said Faraday

shield and said earth at radio frequencies for

generating the plasma, and the DC impedance of said

load is reduced thereby to prevent the Faraday shield
25 from being charged at the end of the operation.

10. A plasma processing apparatus comprising an
antenna for generating an electric field in a plasma
generating portion, a radio-frequency power source for

30 supplying radio-frequency electric power to said
antenna, a vacuum chamber enclosing the plasma
generating portion to establish a vacuum atmosphere, a
gas supply unit for supplying gas into said vacuum
chamber, a sample stage on which an object to be

35 processed is placed, and a radio-frequency power
source for applying a radio-frequency electric field
to said sample stage; a plasma being generated by
accelerating electrons and ionizing the gas by
collision with the electric field generated by said

40 antenna, and thereby said object being processed,
characterized in that said vacuum chamber is made of a
conductive material, the potential of said wvacuum
chamber is electrically floated from the earth, and
the thickness of the wall of the conductive vacuum

45 chamber is adjusted to transmit not a capacitive
electric field generated by said antenna, but an
inductive electric field into the vacuum chamber.

11. A plasma processing apparatus comprising an



After the plasma ignition, the swwtch 21 is turned off to mnimze the

renmoval of the wall. If the renoval is desired to some extent fromthe

st andpoi nt—offorei gn substance, as in the first enbodi nent, the - 13 -

capaci tanc 9a may be adjusted to a value for the desired

vval I pl asn&lﬂ“ﬂ"ﬁﬂml’l “[i enbodi ment of the invention will be described
h reference ¢otFi g. ®. *The basic 5 construction of the apparatus of

the present enbodi nent is identical “t%2that of the second enbodi ment, but
what is different fromthe second enbodinent is the enploynent of an

| nduct or 19 a'rﬁ‘.e?:!n%.czogf Hsraﬁﬁﬁg éﬁg écﬁ:fﬂc fa1dian tah%l‘éégtéc' tor 9

has an capa éﬂ@¥§%1
radi o-frequ ér VES "havi ng an

angul ar frg o r " e S|de of Lhe
23:$§ﬁa 1nL2§%§F g Eidgggﬁe ﬁir ntiheﬁl S
on en the ¢ e n m ze the
m%%il%“ it g 8%?? re 938, TS, sfscewgh
\gﬁglazfgvﬁk&%ﬁ%t 5 gic Eﬁgl% el e‘f‘ﬁtl |qki foo e tﬂgdp:ogtsma At

& and a ra o-freque cy power
the th% of éﬁﬁq? r app ;ggg a radio- frequency electric field

to said sample stage; a plasma being generated by
accelerating electrons and ionizing the gas by
collision with the electric field generated by said
antenna, and thereby said object being processed,

15 characterized in that the potential of said Faraday
shield is varied before and after the plasma
generation,

12. A plasma processing apparatus comprising an
20 antenna for generating an electric field in a plasma
generating portion, a radio-frequency power source for
supplying radio-frequency electric power to said
antenna, a vacuum chamber enclosing the plasma
generating portion to establish a vacuum atmosphere, a
25 Faraday shield provided around said wvacuum chamber, a
gas supply unit for supplying gas intoc said vacuum
chamber, a sample stage on which an object to be
processed is placed and a radio-frequency power source
for applying a radio-frequency electric field to said
30 sample stage; a plasma being generated by accelerating
electrons and ionizing the gas by collision with the
electric field generated by said antenna, and thereby
said object being processed, characterized in that the
upper face of said vacuum chamber has a smaller area
35 than that of the lower face, and the upper face is
flat.

13. A plasma processing apparatus as set forth in
Claim 12, characterized in that the upper face of the

40 vacuum chamber has a circular section, and the angle
contained between the edge joining the lower face and
the upper face and the normal of the upper face is not
less than 5 degrees.

45 14. A plasma processing apparatus as set forth in
Claim 12, characterized in that the ratio of the
vacuum chamber height (i.e., the distance from the
object to be processed to the upper face) to the
radius of the upper face of the vacuum chamber is not



therefore, the switch 21 is—turmedom to Tgnite the plasma. After the

plasma ignition, the switch to mnimze tﬁe~ﬂﬁhk~danageﬁmmq
If the wall should be partl ymm‘muﬂmmuﬂl extent from t h&HE5SHEET HAS BEEN
standpoi nt of foreign matter, *the capacisor*9 may be set tp the BEM_aerd or
the desired wall scraping. In the third enbodi nent, there has been

descri bed a nethod of varying the inpedance of the |oad connected between
the antenna and the earth, by 30 'tdh%Fhing t he capacitor, the inductor
and the switch. By using neans other than that of this enbodi ment for
varying the value, of {he inpedance of the load, it is possible to establish
a state thaf an exceI ent plasna ignitability IS achieved and a state that

a smal |l er 35 tﬁs %rggt gﬁ neﬂt of the

i nvention wk % 58% §§§é§§ @- he basi c

constru tio s identical to

t hose o thg n %% pgﬂﬁfqéﬁ Sﬁfﬁﬁg t the difference
of the pres HP Odlnent is that the Faraday shleld 8 made of a conductive
material is %ur ed.in the wall of the Ja uunlcha de of an

i nconducti v % FmaAEr?$ﬁ§§ﬁﬂ i ﬁBer 2, there'is
used 4? g? acte d Q ﬁ &smé ﬁ uﬁ1or al um num can
be easiPy f&?ﬁﬂqu EH a? ?n; qﬁ%) ?ﬁed inthe

al um num ?su |WaQE%W S ?Feg ﬁhe glass as in
ency or véltage applylng means is preferably

connected to said plate to apply radio-frequency waves
or a DC voltage or said plate is grounded to the earth

15

This Sheet Has Been Replaced
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t he defrosting heater of an autonobile. - 14 - The advaniages as

obtai ned fromthe structure in which the Faraday shield 8 ipsTiyr
wal | of the vacuum chanber 2, are that the insulating struqturg sg:%!é:; §§EEN
elimnated frombetween the antenna 5 and the Faraday shi elid Bt

t he di stance between the vacuum chanber 2 and the antenna 1 can be reduced
to make the apparatus conpact. A fifth enbodi nent of the invention wll be
described with reference to Fig. 117 Zthe basic 10 construction of the
apparatus of the present enbodinment is identical to that of the fourth
enmbodi nrent, but the diffe ese dlrrent is that the wall
surface of the vacuum cha gggi&t' %ge%}gé él clon |ve material is covered
15 with a fil e I%f a conduc mat€ and ac aﬁ, t he Faraday
shield. In th?.hp 5 At gnﬁﬁdgﬁ%%’f al side of the
vacuum chanty é tpé’d" |ve Far aday
shield 8 bd FdéPrrifF‘aﬂ“ ’F‘F% %W%’é

at nospher i ¢ 233-§828¢ g CFF?ECF—‘EPadgy shield 8.
In the pres& ?&Cgﬁahg% lso‘f'ate??;a ST e ear hfiﬁlla% 51% t*%ontact with the

Far aday Shlgapacz.tance of the variable capacitor is determlned to

10 be such a value that the voltage at the two ends of
the antenna may be equal in absolute wvalues and
inverted to reduce the partial removal of the wall
after the plasma ignition. At the time of igniting
the plasma 6, the capacitance of the capacitor 9 is

15 adjusted to a larger or smaller value than that
minimizing the damage of the wall.

[
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therefore the wall of the vacuum chanber 2 is partly 25 removed by the
plasma 6 at the slit portions of the Faraday shield 8. In an oxide film

et ching process using oxygen as the material gas, although dependi ng upon
the process, the excellent fusibility between alum na and alum numis
utilized, realizing 30 construction in which an insulating material is
coated with a conductive material, by1uSiéhg a Faraday shield 8 of
conductive al um num and a vacuum chanber 2 of insulating alumnum In the
case of the netal process in i the material gas is chlorine or boron 35
tricchl oride, the purpose can g&?gghiev d by adoptiﬁg—aLunLna1as t he
insulating material and SiC a *conducti ve rial. Nhnylother

conbi nati ons can be conceived, and simlar effe be expected from any
conbination if the conbination brings about such 40 rfigr panges that the
coating conductive material is fiardiy renoved epen if th
t he vacuum chanber rises, a g that jpoth| the insul g
conductive material are harg¥y renovgp by the p
enbodi nent of the inventionw || be dgscribed W

The basic construction Qf_thd apparatiys of the

identical to those of the first, secdnhd and thirf

different from ~—

N AAANSNSKSKE \\\\\\\\\‘

T—TIR~—2 /' \{ \ I3

N 777208

) Ry

oy LG Ve

AN

SNNONNNNS

X ?m§\\\,\,\,,\\

LS LTI 7777 LLL LT L L7

= 1 10
\ 9|

s é///zg///é\\ [%/\/:f{i 22 o
Ro%oction\fhw oy

LLLLL LT 772777 LL L7

Ll

[o]
Y/ 7Ll

1]
NS NNNY

\
\

12



those enbodinents is that the Faraday shield 8 is grounded to the earth
through a resistor 18. It is expected that a worker may frequently touch
the Faraday shield 8 at the tine of reassenbling the 5 apparatus. A
mechanismis required for preventing the Faraday shield from bei ng charged
at that tinme. In the present enbodiment, a resistor 18 is used to ground
the Faraday shield to the earth. The 2g&igtance of this resistor 18 has to
be a higher 10 i npedance than that of the capacitance between the Faraday
shield 8 and the earth, at the frequency of the radio-frequency power
source 10 for generating the plasma. For this necessity, if the grounded
resistor 18 has a resistance R and if the radio-frequency waves 15 to be
out putted by the pagje-fregquency power source 1B e an angular frequency
[err], the resistl;Igg}zs uld satisfy R> 1/[err]Cl ot her rds, the
Faraday shield and the earth are coupled to thqg i

gher
i npedance than that of the capacitance between hi el d and
the earth, at the high frequency for generating thelplas ,
i npedance of the load is lowin direct current,| thereby preyen
Faraday shield from being charged at the end of{ Lthe “opgtattoir-
seventh embodi ment of the inventidon will be degclibed | td |refergnce to

Fig. 13. The basic construction t he sl of the/pregent =
8 15a 7
S

— > —
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enbodi ment is identical to that of the sixth enbodi ment, but what is
different fromthe sixth 30 enbodi nent is that the vacuum chanber 2 is
made of a conductive material to produce the effect of the Faraday shield.
Si nce the vacuum chanber al so acting as the Faraday shield cannot be
provided with a slit to shut 35 of f _.the inductive electric field, as has
been described with reference to Fig.3,1ﬁruainductive electric field has
to be able to pass by adjusting the thickness of the wall of the conductive
vacuum chanber. Here will be disclosed a structure in which the vacuum 40
chanmber is electrically floated fromthe earth by an insulating flange 24.
In the case of the present enbodi nent, no work of providing a Faraday
shield around the vacuum chanber is required, inproving the workability. In
the 45 present enbodi nent, the circuit for adjusting the average
potential to a |l arger absolute value than that at the vicinity of the earth
or of the earth itself is identical to that of the sixth enbodi nent. Fig.
14 is a perspective view show ng the - 16 - behavi or of eddy current
flow ng in the vacuum chanber in the present enbodi nent. The eddy current
for

FIG. 6
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preventing an inductive electric field 15a, as described with reference to
Fig. 3, frombeing 5 transmtted into the vacuum chanber 2 will flow in
the circunferential direction indicated by arrow 25, of the vacuum chanber
2 having a cylindrical shape. If arelation R> [err]L holds anong the
resistance R, the inductance L in the path of the eddy current and the 10
angul ar frequency [err] of the radi o-f/fuency waves outputted fromthe
radi o- frequency power source 10, the eddy current attenuation by the
resistor is increased and hence the inductive electric field is transmtted
into the vacuum chanber. The spacuum chanber _2 has to be nmade of
such a material that it is harﬁ;l(; d by thg p i
directly exposed to the plasma as I1n the fifth
chanmber ordinarily has a wall as thick as about

20 materi al having an el ectrical ivity o{ errfl mso as
to achi eve such a skin thlckness4akﬂ§§?fiquency of vacuum
chanber 2 is insulated fromt eart hRylusi ng the and
is equipped with 25 the chafge preve tlng resi gto
enbodi nent. The resistance of XYhe resi HJtor 18 hagjto be a h i npedance
than that between the Far geay—Sitetd—= tHre—eartimat t he fl#€queicy of the
radi o- frequency powerg soprce 10 for ggnerating q“d plasnaﬁﬁ%z In the
sem conduct or processi ng, ESTrottafiest ] 1 g
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applied to the electrode 5 by the radi o-frequency power source 12. If the
plasma is electrically floated fromthe earth, however, a high bias voltage
is not generated between the plasma and the el ectrode. 35 In order to
prevent this, the plasma has to be brought as much as possible into contact
with the earth thereby to | ower the potential of the plasma. This |owering
of the potential of the plasma can beSgttg eved by allow ng the resistance
of the resistor 18 40 to have a | ower inpedance than that between the
Faraday shield and the earth in the frequency band of the radio-frequency
power source 12. The present enbodinent is directed to an apparatus in

whi ch the vacuun1chanbey%li§%1 made 45 of the-conductive nmateri al

.ev

Simlar effects could b by elinmnnati@ e slits frjomthe Faraday
shi el ds of the foregoing enbodi nents and by adjust{ngdthe thijckness of the
conductive material as in the present enbodinenf{. | P47 | The]foregoing
enbodi nents descri bed conprise AQJﬁ\acuun1chanber havi sg—a {cylli ndri cal
shape. Even if the vacuum chanber is given anfingcline sdde[f

trapezoi dal section and is U|pped With a coil [5 and a Fafada

such a vacuum chanber 2 can be
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used'in foregoi ng enbodi ments |ikew se. An eighth enbodi mrent of the
invention will be described with reference to Fig. 16. The basic apparatus
construction of the present enbodinent is 10 i dentical to those of the
first, second and third enbodi ment. Wat is different fromthe other

enbodi nments is that the area of the upper face 2a (far fromthe electrode 5
for the object to be processed) of thgg/ygcuum chanber is smaller than that
of the 15 | ower face. Preferably, the upper face is flat. 1In the

i nvention thus constructed, the degree and position of the coupling of the
pl asma and the antenna can be varied according to the arrangenent of the
antenna, the nunber of turns of the antenna, the 20 di stance between the
antenna and the vacuun1gﬁz er,Jh?U so on. \Wen_t henunber—ofqturns of the
coil of the antenna is énélWhe dn¥enna is insta3keq hori zontal{ly, for
exanpl e, the coupling position is varied as the | LS Jmmyed
vertically, as 25 illustrated in Fig. 23(a). )Jhen the nywber
the coil is nore than one, the cpupli{ng $tate cap be varieq(Kig| 23(b))
according to the vertical posgition of th¢ antennp and the distiapcs between
each of the turns and the vaélum chafgr. The anf ennha.pny _30. .

upward, when the density at tlhe centrall portion rrereasqd, war d
when the density is inte distrib n where tEF dewsity is
hi gh at the periphery. Thus, the coupl|ing positiaw ;21\~
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can be varied because the apparatus shape is given a 35 gradi ent by the
| arge upper face area and the small |ower face area. In the case of an

i nductive coupling plasma, the electrons/ions are isotropically diffused
towards the chanber wall by the bipolar diffusion so that their

di stributions are influenced by the chanber 40 shape. As a result, the
plasma distribution is easily flatteng¢16 the upper face is flat. The
control of the plasma density distribution is facilitated by the antenna
arrangenent and the characteristic apparatus shape. Because of the static
field by the antenna 1, 45 noreover, many foreign matters and reaction
products are produced in éFp cin of the antenna by the interaction
bet ween the plasnma and th JQEi 7E§%ber wal | é Becauseuf—tthe | arge area
of the | ower face, however, a path is fornmed al hg”¢he chanber] wal |l and

- 18 - the discharge line 7 to aIIOM/the gas eas4ﬁﬁ44ii?ém e wall, so
that the rate of flow towards the wa 13 to be|prpce :%ji?

5 novi ng
ont r ol

18

reduced
to realize a satisfactory procesbing Nu ral 191 ihdi cat alcoi

menber. The coil noving nenb?g moves|coill 1 upwafd br do
the plasma density distribut(\ A ninfh enbodi nent Lot theT e

shown in
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Fig. 17. The basic apparatus construction of the 10 present enbodi ment is
identical to that of the eighth enbodi nent. Wat is different fromthe

ot her enbodi nents is that the angl e between the edge where the upper face
2a of the vacuum chanber 2 and the |ower face 2b thereof intersect and the
normal of the 15 upper face is not less than 5 degrees. Fig. 24 shows
the distribution of the density of thgk}ﬂﬁ]current i ncident on the surface
of the object when the shape of the v chanber is such that, for
exanple, the ratio of the upper surface radius Ru to the |ower 20 surface
radius Rd is 4 : 5. For the vacuum chanber height H= 13 cm the ion
current is flat up to [err] =300 (r =15 cn). If the height His

i ncreased, the distribution is shown by a curve the center of which is
rather high. It has also been confirnmed that the 25 curve is high at the
peri phery when the height His decreased. |If tan[err]{(Rd-Ru)/H} [err] 5
degrees, it is possible to realize the distributions which are flat and

hi gher at the central portion and at the periphery. Fig. 18 shows a tenth
enbodi mrent of the invention. 30 The basi c apparatus construction of the
present enbodi ment is identical to that of the eighth enbodi ment, but what

is different fromthe other enb ——t-Rat—the ratio HHR of the height
H(i.e., the distance fromthe ¢lectrofle 3 tq thle erer 35 face 2a) of
t he vacuum chanber 2 to the | omgr sugeffce |radi us| Rdl of the vacuum chanber 2
is HRd [err] 1. This 5
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relation is satisfied, for exanple, by the shape of the vacuum chanber of
Fig. 24(a). Fig. 19 shows an el eventh enbodi nent of the 40 i nventi on.

The basi c apparatus construction of the present enmbodinent is identical to
that of the eighth enbodi ment, but what is different fromthe other

enbodi ments is that magnetic field generating nmeans 26 is di sposed outside
the vacuum chanber 1. The plasma 45 ggeygsity distribution just above the
substrate in the presence of the magnetic field is illustrated in Fig. 25.
From the graph showi ng the plasnma density distribution, it is found that
the plasma density is higher in the periphery as the magnetic field is -

19 - increased. Thus tic fiel 1Ng neans acts as an
auxiliary one capab?gy .QSEZEEIIing th istribdtion. Pa28meter D

i ndi cates diffusion coefficient toward netic field dirgction and 5
parameter Dp indicates diffugfon coefiicCi T T ion to
magnetic field in Fig. 25 Fié 20 ows twel fth enbodi nent of tHe
i nvention. The basic apparatyg$ co tj/on of the preéﬁht enbodipAent is
identical to that of the eigphtih 1 odi ment, but whkht is dif{@rent from
t he ot her enbodi nent is Hmi&ypla f¢
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sem conductor is placed on the face confronting the electrode 5 or on the

i nner side of the upper face 2a of the vacuum chanber. Moreover,

radi o- frequency 15 vol tage applying neans 28 is preferably connected with
the plate 27 to apply radi o-frequency waves. Instead of the radio-frequency
waves a pul sating DC voltage may be used. Alternatively, the plate 27 may
be grounded to the earth. According tegyhg present 20 enbodi nment

el ectrode 5 can define a plasnma voltage and adjust plasma distribution
finely. The present enbodi nment is used when plasma cleaning is carried out.
The quantity or distributiuon of radicals and reaction products in plasm
can be changed b troldng the 25 condi tions of chanber wall. By

enpl oyi ng the pr% e i ment ,o¢t he parRjal renoval of, the vacuum chanber
wal | encl osing the pl'asma gener at \ng portron by the plfégﬁa can be

controlled while inproving the pla ' } Mor eover, by
varyi ng the degree and position of },' coupling of fhe nd the
antenna according to the arrange 3” f the antennaj, the r of turns of
the coil of the antenna, the di &y bet ween t he enna t he vacuum
chanber and so on, the plasma 35 t rRgut i on can| be co to
establish a uniform pl asna. PITTII I I ITA
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- 20 - Wat is clainmed is 1. A plasnma processing apparatus conprising an
antenna for generating an electric field in a plasma 5 generati ng
portion, a radio-frequency power source for supplying radio-frequency

el ectric power to said antenna, a vacuum chanber encl osing the plasna
generating portion to establish a vacuum at nosphere, a Faraday shield

pr.ovi ded around said vacuun1chanber,fﬁ/ﬁ% gas supply unit for supplying
gas into said vacuum chanber, a sanple‘stage on which an object to be
processed is placed, and a radi o-frequency power source for applying a

radi o-frequency electric field to said sanple stage; a plasnma being
generated by 15 accelerating electrons and ionizing the gas by collision
with ithe electric field generated by said antenna, and thereby said object
bei ng-processed, characterized i t a ig provided in an earth
portien of said antenna, the ave?gzgibotézaﬂééa f said 20 antenna is
adj.usted so as to inprove the ignitability at an plasma ignition time, and
the load is adjusted after the plasma is produced so that the average
potential of said antenna may be close to that g{ the earth and the renoved
amount of the wall of said 25 vacuum ch pl asma generation
may be small. 2. A plasma prgcessing apparatusain Claiml1l, characterized in
that said antenna is a coi+— Q)
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30 3. A plasma processing apparatus in Caim1l or 2, characterized in that
a capacitor of variable capacitance or an inductor of variable inductance
is used as the load to be inserted on the earth side of 35 sai d ant enna,
t her eby changing the nagnitude of said |oad. 4. A plasna processing
apparatus in Caim1l or 2, characterized in that a capacitor of a fixed 40
capaci tance or an inductor is conbi ngdl/Meth a switch as the load to be
inserted on the earth side of said antenna, thereby providing two or nore
ki nds of |oad value to said | oad. 45 5. A plasma processing apparatus in
any of Clainms 1 to 4, characterized in that the renoved anmount of the wall
is controlled by controlling t vel he average potential of the
entire antenna even after theﬁte ﬁ{r{ - 21 - 6. A plasna
processi ng apparatus in any of ai’'ms 0 characterlzed in that said
Faraday shield is buried in the va uun1?hanb r wall nmade of an inconductive
arh

material. 7. A plasma processing any of Clains 1 to 5,
characterized in that td tHm
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chamber wall is coated with a conductive material, so that the wall

exhi bits the Faraday shield. 10 8 A plasna processing apparatus in Caim
7, characterized in that the surface, to be in contact with the plasma, of
t he vacuum chanber wall is coated with said conductive material, and said
conductive 15 material is hardly renoved by the plasma thereby to
decrease the renoved anount of the\Mﬂﬁ/qg. A pl asma processi ng apparat us
inany of Clains 1 to 4, characterizedin that said Faraday shield and said
20 earth are coupled by a | oad having a higher inpedance than that of the
capaci tance between said Faraday shield and said earth at radi o frequencies
for generating the plasnma, and the DC i npedance of said |oad is reduced
thereby to prevent the Faraday shield 25 from bei ng charged at the end of

the operation. 10. A plasma pr chz@nmay conprising an antenna for
generating an electric field in I ng portion, a

radi o-frequency power source for 30 suppl yi ng radi o-frequency electric
power to said antenna, a vacuum chanber enclosing the plasm generating
portion to establish a vacuum at nosphere,r a gas supply unit for supplying
gas into said vacuum chanber, a sanpl§'§fage on which arl object to be 35

processed is placed, and a radio-fregéency power source ifor applying a
radi o-frequency electrjc field to saidisanple stage; a pl &sma bei ng

gener ated by éz //ijigjj// H
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accelerating electrons and ionizing the gas by collision wwth the electric
field generated by said 40 antenna, and thereby said object being
processed, characterized in that said vacuum chanber is made of a
conductive material, the potential of said vacuum chanber is electrically
floated fromthe earth, and the thickness of the wall of the conductive
vacuum 45 chanber is adjusted to Hgamgnt not a capacitive electric field
generated by said antenna, but an inductive electric field into the vacuum
chanber. 11. A plasma processing apparatus conprising an - 22 - antenna
for generating an electric field in a plasnma generating portion, a
radi-o-frequency power source for supplying radi o-frequency electric power
to said antenna, a vacuum chanber encl osing the plasma 5 generating portion
to establish a vacuum at nosphere, a Faraday shield provided around said
vacuum chanber, a gas supply unit for supplying gas into said vacuum
charnber, a sanple stage on which an object_t processed is placed; and a
radi o- frequency power 10 sourfElLir ap g?gg%?g radi o-frequency electric
field to said sanple stage; a pfaSwé bef rated by accelerating

el ectrons and ionizing the gas by collision with the electric field
generated by said

STRONGER PORTION OF
INDUCED ELECTRIC FIELD
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antenna, and thereby said object being processed, 15 characterized in
that the potential of said Faraday shield is varied before and after the
pl asma generation. 12. A plasna processing apparatus conprising an 20
antenna for generating an electric field in a plasm generating portion, a
radi o-frequency power source for supplying radio-frequency electric power
to said antenna, a vacuum chanber encipg{fg the plasnma generating portion
to establish a vacuum at nosphere, a 25 Faraday shield provided around
sai d vacuum chanber, a gas supply unit for supplying gas into said vacuum
chanber, a sanple stage on which an object to be processed is placed and a
radi o- f requency power source for applying a radio-frequency electric field
to said 30 sanpl e stage; a plasnma being generated by accel erating

el ectrons and ionizing the gas by collision with the electric field
generated by said antenna, and by i bj ¢ct bei ng processed,
characterized in that the upper ;6 of?f(ag;uum chanber has a smaller
area 35 than that of the |lower face, and the upper face is flat. 13. A
pl asma processing apparatus as set forth in Caim12, characterized in that
t he upper face of the 40 vacuum chanber has a circul ar section, and the
angl e. cont ai ned between the edge joiningLLhe ower face and the upper face
and the normal of the upper face is npt |ess an 5 degrees.
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45 " 14. A plasma processing apparatus as set forth in Claim12,
characterized in that the ratio of the vacuum chanber height (i.e., the

di stance fromthe object to be processed to the upper face) to the radius
of the upper face of the vacuum chanber is not - 23 - nore than 1. 15. A
pl asma processi ng apparatus as set forth in Caim12, characterized in that
magnetic field generating neans is pfgyiged outside the vacuum chanber. 16.
A plasma processing apparatus as set forth in Caim12, characterized in
that a plate made of a conductor or a sem conductor is placed on the inner
side of the upper face of the vacuum chanber, radio- frequency or DC

vol tage applying neans is preferably connected to said plate to apply

radi o- frequency waves or a DC voltage or said plate is grounded to the
earth 17. A nethod of operating a plasnma processi ng apparatus, the plasna
processi ng apparatus incl uding: ﬁf ten% éﬁ}gener ating an electric field
in a plasma generating portion, in nna has two ends, and an
éarth portion of the antenna is provided,with a | oad; a radi o-frequency
power sources for suppl yi ng radi o- fre@ﬁéﬁ%? el ectric power to said

ant enna; E%
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a vacuum chanber encl osi ng t he plasma generating portion tg %gt%()ﬁ}hrg
vacuum t hefei n; a Faraday shield provided around the plaswq g@ﬁ% ng
poFtlon a gas supply unit for supplying gas into said vacuum ch %
sanple stage, in said vacuum chanber, on which an object to be processed IS
* placed; and anot her radio-frequency powey source, for applying a

radi o-frequency electric field to said sanple stage, the nethod conpri sing
the steps of: igniting the plasma in the plasnma generating portion, the
Faraday shield being held in g floahing state during said igniting;
processing said object with Sg?ﬁ“’ gg §§p Eﬂﬁ%ﬁ shi el d bei ng grounded
during said processing; and adjusting said | oad such that, during the
processing, voltages at the two ends of the antenna are substantially equal
in absolute value but inverted; and adjusting said | oad such that, during

the igniting, voltages at thep&ggf%QQSO@ftﬁgedg fgg@rgre not substantially

equal in absolute val ue. - 24- od of operating a plasm

processing apparat us,p the AR RELASEE3HNE, 2 PRAL ALY Sk NG MDY

with radio-frequency electric power generated by a

5 radio-frequency power source 10, and one end of the
antenna is grounded to the earth through a capacitor 9
of variable capacitance. A Faraday shield 8 is
electrically isolated from the earth, and the
capacitance of the variable capacitor is determined to

10 be such a value that the voltage at the two ends of
the antenna may be equal in absolute values and
 inverted to reduce the partial removal of the wall
after the plasma ignition. At the time of lgnltlng
the plasma 6, the capacitance of the capacitor 9 is

15 adjusted to a larger or smaller value than that
minimizing the damage of the-wall.

Figure 1
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a vacuum chanber;—enctosi-rg—a- pl asma genen BEPNACIRAEA s
vacuum t her f or generatln Xew :;EE "W.H“ [
generati ng a(m,"ﬁ"l"'mmﬂlﬂm requency power { sour ce, for 'upplyﬁ?@ ﬁt/o
frequency el €ttificlpomers te sai d anteama: | a Fdﬁbﬁéyzﬁﬁaebd provi ded 4af ound
t he pl asna generating portion; a gas suppfylunit for sup(ldlng gas into
sai d vacuum chamber; a sanple stage, in spid vacuum pef, on which an
obj ect to bamopteoddaped.i s placed; another LO- frequency pbower source, for
applying a radio-frequency electric fiekd to said sanple Stage; and a
control | abl x| oad pheeXbdstotds TheUddhld &3 etsFodtantignna, the net hod
conpri sing tgslﬁlt 305 eh ré&ﬂéﬂ.{lﬂdti}? A8 W drid thike rRleAg™® generating
portion, ng%ttagg ﬁ% £s | AR DL Gt TUeh vElaalupflur ing 1t he

i gniting th h ave difrerent voltages in absolute
val ue, so as |nprove |gn|tab|I|ty of the plasma; and processing said

obj ect ym'th %a|% hgé % Ly &g# ﬁfg‘%’f%% Fpg% dur! ng the
"1 abeol Ut eCTaLle %m % vis edlg% e{ﬁ zﬁa.ﬁ?t of & wall o
e

. ¢ ace e inne
said vacuunglﬁe e tge up ef?%E %%

acuum chamber, radlo—
frequency oxr DC voltage applying means is preferably
connected to said plate to apply radio-frequency waves
oxr a DC voltage or said plate is grounded to the earth

17. A method of operating a plasma processing
apparatus, the plasma processing apparatus including:

an antenna for generating an electric field in a plasma
generating portion,-wherein the antenna has two ends, and
an earth portion of the antenna is provided with a load;

a radio-frequency power sources for supplying radlo-
frequency electric power to said antenna;

a vacuum chamber enclosing the plasma generating portion
to establish a vacuum therein;

a Faraday shield provided around the plasma generating
portion;

a gas supply unit for supplying gas into said vacuum
chambexr;

a sample stage, in said vacuum chamber, on which an
object to be processed is placed; and

another radio- frequency power gource, --for applying a-
radio-frequency electric field to said sample stage,

the method comprising the steps of:

igniting the plasma in the plasma geherating portion, the
Faraday shield being held in a floating state during said
igniting;

processing said object with said plasma, the Faraday
shield being grounded during said processing; and

adjusting said load such that, during the processing,
voltages at the two ends of the antenna are substantially
equal in absolute value but inverted; and adjusting said

lcad such that, during the igniting, voltages at the two
ends of the antenna are not substant ially equal in
absolute value.



-i25 % P|lasma Processi ng Appar at us Abstract of the disclosure A plasma is

gener at ed by feedlng an antenna 1 with radlo frggg@gggggﬁﬁtgﬁﬁngomer

generated by a ency power source f the
antenna is grounded to t : t hrough a capathor % @} ri able
t \ml s electrically gt ?&g hqi earth,
a

capaci t ance. m“mm“
and the capacit bl e capaC|tor RS detern1ned tolll be such

a val ue that the voltage at the two end&*of the] antenna may be egual in
absol ute val ues and |nverted to reduce the part Lal—rempval-—of—-the wal l

affer the pl At the.tine g i 1] 9&:9:[911 6cuéhe
4%, ORg L & BAPE g ° a‘f aﬁf@‘ 0
cane et B e s ot B P Pl

a vacuum chamber, enclosing a plasma generating portion,
to establish a vacuum therein;

an antenna, for generating an electric field in the
plagma generating portion;

a radio-frequency power source, for supplying radio-
frequency electric power to said antenna;

a Faraday shield prov1ded around the plasma generating
portion;

a gas supply unit for supplying gas into said vacuum
chamber;

a gample stage, in said vacuum chamber, on which an
object to be processed is placed;

another radio-frequency power source, for applying a
radio-frequency electric field to said sample stage; and

a controllable load provided in an earth portion of said
antenna,

the method comprising the steps of:

igniting the plasma in the plasma generating portion,
said controcllable load being adjusted such that during
the igniting the two ends of the antefina have different
voltages in absolute value, so as to improve ignitability
of the plasma; and

processing said object with said plasma, said load being
adjusted such that during the processing voltages at the
two ends of the antenna are substantially equal in
absolute wvalue but inverted, so as to reduce removed
amount of a wall of said wvacuum chamber during the
processing.
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Plasma Processing Apparatus
Serin.

Abstract of the disclosure

A plasma is generated by feeding an antenna 1.
with radio-frequency electric power generated by a
radio-frequency power source 10, and one end of the
antenna is grounded to the earth through a capacitor 9
of variable capacitance. A Faraday shield 8 is
electrically isolated from the earth, and the
capacitance of the variable capacitor is determined to
be such a value that the voltage at the two ends of
the antenna may be equal in absolute values and
inverted to reduce the partial removal of the wall
after the plasma ignition. At the time of igniting
the plasma 6, the capacitance of the capacitor 9 is
adjusted to a larger or smaller value than that
minimizing the damage of the-wall.

Figure 1



