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Description

Field of the Invention

[0001] The present invention relates to a plasma
processing method for performing a plasma process up-
on an object to be processed, such as a semiconductor
wafer.

Background of the Invention

[0002] During the fabrication of a semiconductor de-
vice, a plasma is often used to subject a semiconductor
wafer (hereinafter called a wafer) to a process such as
film-formation or etching. This processing is performed
by introducing a processing gas into a vacuum vessel
which is provided with a mounting stand for a wafer, then
supplying energy such as electromagnetic energy to
that processing gas to create a plasma therefrom. Var-
ious methods are known as methods of supplying this
electromagnetic energy, such as electron cyclotron res-
onance (ECR), which makes use of the interaction be-
tween microwaves and a magnetic field, and a method
known as inductive coupled plasma (ICP) in which an
electric field and a magnetic field from a coil surrounding
a dome-shaped vessel are applied to a processing gas.
[0003] A high-density plasma is established in a zone
corresponding to the wafer, but a thin plasma is also
present throughout the entire interior of the vacuum ves-
sel. This deteriorates an O-ring that acts as a sealing
material and also causes peeling of a film that has ad-
hered to the walls of the vessel due the reactions of the
processing gas. It is therefore not possible to avoid the
generation of particles within the vacuum vessel. Par-
ticularly with plasma processing, the speed of move-
ment of electrons within the plasma is greater than that
of ions, so a large number of electrons adhere to sur-
faces such as the walls and internal members of the ves-
sel, as well as the wafer, and are negatively charged,
Thus the potential gradient in the vicinity of these sur-
faces destroys the neutral characteristics of the plasma
in the vicinity of the surfaces, without allowing the elec-
trons to approach, thus forming a zone called a sheath
of a thickness of a few mm.
[0004] Since the particles are negatively charged,
they cannot pass through the sheath zone and are
pushed back towards the plasma. As seen from a cer-
tain point in time, it occurs that these particles appear
to be trapped at the boundary between the plasma and
the sheath zone. However, when the microwave power
and wafer biasing power are cut, the particles trapped
at positions floating above the wafer will tend to adhere
to the wafer. There is therefore a demand for a method
of suppressing the generation of these particles as far
as possible, especially since circuitry patterns will con-
tinue to become finer in the future.
[0005] US-A-5 433 258 discloses a plasma process
with magnetic coils located on either side of the wafer

in the horizontal direction; EP-A-628 985 discloses mag-
nets which do not operate during wafer processing.
[0006] The present invention was devised in the light
of the above problems with the conventional art and has
as an objective thereof the provision of a plasma
processing method that is capable of suppressing the
creation of particles, thus increasing the yield.

Summary of the Invention

[0007] In order to achieve the above described objec-
tive, an aspect of the present invention disclosed in a
first claim herein relates to a plasma processing method
comprising the steps of:

forming a magnetic field by a first coil (27) and a
second coil (28) in such a manner that magnetic
lines of force thereof run from a zone corresponding
to a surface to be processed of an object (10) to be
processed towards said object (10) to be proc-
essed, said object (10) being provided in a film-for-
mation chamber (22);

forming a plasma from a processing gas that
is supplied into a plasma chamber (21), based on
the interaction between an electrical field and said
magnetic field;

using said plasma to perform a plasma proc-
ess on said object (10) to be processed, said first
coil (27) and said second coil (28) being disposed
so as to surround a central axis of said object (10)
to be processed, whereby said first coil (27) being
provided above said object (10) to be processed
and said second coil (28) being provided either be-
side or below said object (10) to be processed and
being energised during said plasma process;

subsequently forming a plasma that does not
promote processing instead of said plasma of said
processing gas,

adjusting said magnetic field in such a manner
that said magnetic lines of force thereof in the vicin-
ity of said object (10) to be processed fan out further
than during said plasma processing by either reduc-
ing a current flowing through said second coil (28)
to less than that during said plasma processing (in-
cluding a reduction to zero) or reversing said cur-
rent; and

conveying said object (10) to be processed
out of said film-formation chamber (22).

[0008] In another aspect of this invention disclosed in
a second claim herein, the plasma processing method
comprising the steps of:

attracting the object (10) to be processed by elec-
trostatic attraction to a mounting stand (3) that is
provided within a film-formation chamber (22) and
includes an electrostatic chuck (32),
subsequently separating said object (10) to be proc-
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essed from said mounting stand (3) and applying a
negative voltage to a chuck electrode (33) of said
electrostatic chuck (32); and
placing another object to be processed on said
mounting stand (3) and performing plasma process-
ing thereon.

[0009] In a further aspect of this invention disclosed
in a third claim herein, the film-formation gas comprises
SiF4 and the plasma gas comprises Ar and O2 for form-
ing a film of SiOF.

Brief Description of the Drawings

[0010]

Fig. 1 is a vertical cross-sectional view of an exam-
ple of a plasma processing apparatus for imple-
menting the method of this invention;
Fig. 2 illustrates an example of the method of this
invention;
Fig. 3 illustrates a situation wherein a sheath zone
is formed when a plasma is established;
Fig. 4A shows a state of particles when a conven-
tional-art method is used, whereas Fig. 4B shows
the effect of the action of the embodiment of Fig. 2;
Fig. 5 is a graph of the relationship between micro-
wave power applied after a film has been formed
and the number of particles;
Fig. 6 illustrates a Miller magnetic field and a diver-
gent magnetic field;
Fig. 7 illustrates another example,
Fig. 8 illustrates an example of a method of forming
a magnetic field;
Fig. 9 is a graph of the relationship between the cur-
rent passing through the auxiliary electromagnetic
coil after the film has been formed and the number
of particles;
Fig. 10 illustrates a further example;
Fig. 11 is a graph of the relationship between the
bias voltage applied to the mounting stand after the
film has been formed and the number of particles;
Fig. 12 illustrates a still further example and
Fig. 13 is a graph of the relationship between the
current passing through the auxiliary electromag-
netic coil and the number of particles.

[0011] The description below relates to methods ap-
plied to plasma processing performed by using an elec-
tron cyclotron resonance (ECR) type of plasma process-
ing apparatus. The structure of a plasma processing ap-
paratus 1 will first be described with reference to Fig. 1.
This plasma processing apparatus 1 has a vacuum ves-
sel 2 made of a material such as aluminum. The vacuum
vessel 2 consists of a cylindrical plasma chamber 21,
which is positioned at the top of the vacuum vessel 2
and in which a plasma is generated, and a cylindrical
film-formation chamber 22 of a larger diameter of that

of the plasma chamber 21, which is positioned therebe-
low and communicating therewith. Note that the vacuum
vessel 2 is grounded and is thus at zero potential.
[0012] An upper edge of this vacuum vessel 2 is open
but is sealed hermetically with a transparent window 23
formed of a material that is transparent to microwaves,
such as quartz, so as to maintain the vacuum state of
the vacuum vessel 2. On the outer side of this transpar-
ent window 23 is provided a wave guide 25 connected
to a high-frequency power source 24 which is a high-
frequency supply means for generating a plasma at, for
example, 2.46 GHz. The configuration is such that mi-
crowaves M generated in the high-frequency power
source 24 are guided by the wave guide 25 and are in-
troduced into the plasma chamber 21 through the trans-
parent window 23.
[0013] Plasma gas nozzles 26 are provided in a side
wall that defines the plasma chamber 21 at, for example,
regular intervals around the periphery thereof. In addi-
tion, the configuration is such that a plasma gas source,
such as a source of Ar or O2, (not shown in the figure)
is connected thereto so that a plasma gas such as Ar or
O2 is supplied to an upper portion within the plasma
chamber 21 uniformly and without interruptions. Note
that only two of the nozzles 26 are shown in the figure,
to avoid over-complexity of the drawing, but in practice
a larger number will be provided.
[0014] An annular main electromagnetic coil 27 is dis-
posed about the outer periphery of the side wall that,
defines the plasma chamber 21 in close contact there-
with, as a means for forming a magnetic field. In addi-
tion, an annular auxiliary electromagnetic coil 28 is dis-
posed on a lower side of the film-formation chamber 22
in such a manner that a magnetic field B of, for example,
875 Gauss, is formed extending from the plasma cham-
ber 21 above, downward towards the film-formation
chamber 22. The ECR plasma conditions are satisfied
thereby. Note that permanent magnets could be used
instead of magnetic coils.
[0015] The above described ECR plasma is generat-
ed by the interaction caused by the formation of the mi-
crowaves M and the magnetic field B within the thus con-
figured plasma chamber 21, where the frequency of the
microwaves M is controlled. At this point, resonance is
induced in the introduced gas at this frequency so that
a plasma of a high density is formed. In other words, this
apparatus is configured as an electron cyclotron reso-
nance (ECR) plasma processing apparatus.
[0016] An annular film-formation gas supply portion
30 is provided in an upper portion of the film-formation
chamber 22, in other words, in the portion thereof com-
municating with the plasma chamber 21, in such a man-
ner that a film-formation gas is ejected from an inner
peripheral surface thereof. A mounting stand 3 is also
provided in the film-formation chamber 22 in a elevata-
ble manner. This mounting stand 3 is provided with an
electrostatic chuck 32, which has an internal heater, on
top of a main unit 31 of a material such as aluminum. A
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chuck electrode 33 within the electrostatic chuck 32 also
acts as an electrode for applying a bias voltage in order
to draw ions towards the wafer W, and it is connected
to a power supply such as a high-frequency power sup-
ply portion 34. An exhaust pipe 35 is connected to a
base portion of the film-formation chamber 22.
[0017] The description now turns to the use of the
above described apparatus in a method of forming an
inter-layer insulating film on a wafer 10 that is the object
to be processed. It is assumed in this case that alumi-
num wiring has been formed on the surface of this wafer
10 and the inter-layer insulating film is to be an SiOF
film, by way of example. First of all, a gate valve provided
in a side wall of the vacuum vessel 2, but not shown in
the figure, is opened then the wafer 10 is conveyed
thereinto by a conveyor arm (not shown in the figure)
from a load-lock chamber (also not shown in the figure).
[0018] After the gate valve has been closed, sealing
the interior of the apparatus, the internal atmosphere is
exhausted from the exhaust pipe 35 to evacuate the ap-
paratus to a predetermined degree of vacuum, then gas-
es for generating a plasma, such as O2 and Ar, are in-
troduced into the plasma chamber 21 from the plasma
gas nozzles 26 at flow rates of 200 sccm and 350 sccm,
respectively. In addition, a film-formation gas such as
SiF4 is introduced into the film-formation chamber 22
from the film-formation gas supply portion 30 at a flow
rate of 140 sccm. The interior of the vacuum vessel 2 is
then maintained at a processing pressure of, for exam-
ple, 0.4 Pa; biasing power at 13.56 MHz and 2500 W is
applied to the wafer 10; and also the surface tempera-
ture of the mounting stand 3 is set to 200°C.
[0019] High-frequency power (microwaves) at 2.45
GHz from the high frequency power source 24 for plas-
ma generation is transmitted through the wave guide 25
towards the ceiling portion of the vacuum vessel 2, pass-
es through the transparent window 23 provided therein,
and is introduced into the plasma chamber 21 as the
microwaves M. The magnetic field B generated by the
electromagnetic coils 27 and 28, from above and direct-
ed downward, is applied within the plasma chamber 21
at a strength of, for example, 875 Gauss. The interaction
between this magnetic field B and the microwaves M
induces an electrical field E as well as the magnetic field
B, which generates electron cyclotron resonance, and
this resonance causes the Ar to become a plasma.
[0020] The plasma flowing from the plasma chamber
21 and into the film-formation chamber 22 activates the
SiF4 gas supplied thereto to form active seeds, and an
SiOF film is formed by the reaction between SiF4 and
O2 to fill concavities on the wafer 10. During this time,
the Ar ions are drawn towards the wafer 10 by the bias
voltage for attracting the plasma, and the corners of the
SiOF film formed in the pattern (concavities) on the sur-
face of the wafer 10 are shaved off by the sputter-etch-
ing action thereof, and thus the Ar ions fulfil the role of
broadening the apertures in the pattern.
[0021] This method affects the subsequent process-

ing. In other words, at a time t1, immediately after the
film formation is completed, the supply of the plasma
gases Ar and O2 continues without changes but the sup-
ply of film-formation gas is halted and also the micro-
wave power is reduced from 2500 W to 1000 W, as
shown in Fig. 2. A certain time later, such as 10 seconds
later, the supply of the microwave power and the biasing
power are stopped.
[0022] This makes it possible to reduce the number
of particles on the wafer. The reason for this can be con-
sidered to be as described below. In other words, as dis-
cussed in the section on the conventional-art technique,
the speed of movement of the electrons within the plas-
ma move is greater than that of the ions, so large num-
bers of electrons adhere in the vicinity of the surfaces
of the materials or the wafer, as shown in Fig. 3. Thus
the neutral characteristics of the plasma in a plasma
zone Z are destroyed to form a sheath zone S. The
depth D of this sheath zone S increases with decreasing
electron density. This is because the magnitude of the
charge of electrons adhering to a material is determined,
and thus the magnitude of the positive charge inherent
to the sheath zone S is also determined. Therefore, if
the electron density is low (if the plasma density is low),
the number of ions within the sheath zone S is small.
With a small number of ions, the ion layer necessary for
maintaining a certain charge becomes thicker and, as a
result, the sheath zone S also becomes thicker.
[0023] If, therefore, this sheath zone S is formed
above the surface of the wafer 10 during the film forma-
tion, as shown in Fig. 4A, and the microwave power and
biasing power are cut in that state, particles P will adhere
to the wafer 10. Since the particles are extremely small
at no more than 1 µm, they are moved around freely by
external influences such as air current, rather than fall
under gravity, so any particles that are in the vicinity of
the wafer 10 will strike it and adhere thereto. In this case,
if the microwave power is reduced after the film is
formed, the electron density drops and as a result the
thickness D of the sheath zone S becomes larger, as
shown in Fig. 4B.
[0024] Since the particles P appear to be trapped be-
tween the sheath zone S and the plasma zone Z, in-
creasing the thickness D of the sheath zone S ensures
that the particles P are moved away from the surface of
the wafer 10. If the microwave power and biasing power
are both cut at this point, the number of particles adher-
ing to the wafer 10 will be small.
[0025] Experiments were performed with the micro-
wave power set to 2500 W during the formation of the
film. After a film had been formed on the surface of the
wafer 10 under the previously described processing
conditions, the microwave power was reduced in the se-
quence shown in Fig. 2, this microwave power was
changed in various ways, and the numbers of particles
between 0.25 µm and 1 µm out of those on each 8-inch
wafer were counted, with the results being as shown in
Fig. 5. If the period between the times t1 and t2 in Fig.
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2 during which the microwave power is reduced is called
"power reduction processing", the horizontal axis shows
the microwave power during this power reduction. It is
clear from these results that the number of particles on
the wafer 10 is reduced by lowering the microwave pow-
er after the film is formed, and this will improve the yield.
Note that "reducing the microwave power" also includes
cases in which the microwave power is reduced gradu-
ally. This method is not limited to film-formation process-
ing; it can also be applied to etching, in which case the
supply of etching gas can be changed to Ar gas, and the
microwave power reduced.
[0026] Another way of increasing the thickness of this
sheath could be to increase the biasing power so that it
is at a setting such as 3500 W during the power reduc-
tion period. This would also make it possible to reduce
the number of particles. The reason why increasing the
biasing power increases the thickness of the sheath is
discussed below. If the biasing power increases, the bi-
as voltage also increases, and moreover the frequency
of that voltage is 13.56 MHz, which is high enough that
the ions cannot follow. Therefore, the sheath thickness
increases at the instant that a negative bias voltage is
applied. Since the potential of the plasma is always high-
er than that of the outer walls, the sheath thickness does
not become too small, even if a positive bias voltage is
applied. Therefore, the average sheath thickness in-
creases. It should be noted, however, that if the biasing
power becomes too great, sputter-etching will occur on
the surface of the wafer, so it is preferable to adjust the
microwave power instead.
[0027] It should be noted that this method is not lim-
ited to use in an ECR plasma processing apparatus; it
can also be used in the above mentioned ICP appara-
tus, in which case the configuration could be such that
the current of coil is reduced so that the electromagnetic
energy drops after the film-formation processing, thus
reducing the electron density.
[0028] The method described below is also effective
for reducing the number of particles adhering to the wa-
fer surface even further. Power is passed through the
main electromagnetic coil 27 and the auxiliary electro-
magnetic coil 28 during the formation of the film, but
when the film formation is completed the current in the
auxiliary electromagnetic coil 28 is lowered or made to
be zero so that the field changes from a Miller electro-
magnetic field M1 to a dispersed electromagnetic field
M2, as shown in Fig. 6. Alternatively, the direction R of
the current flowing through the auxiliary electromagnetic
coil 28 could be made to be opposite to the direction L
of the current flowing through the main electromagnetic
coil 27 to form a cusped electromagnetic field M3, as
shown in Fig. 8. In this power reduction process, the
supply of film-formation gas stops but the supply of Ar
and O2 continues, in a similar manner to the previous
embodiment. This causes the plasma zone to expand,
as shown in Fig. 7, so that the groups of particles that
were trapped as described previously are moved to-

wards the sides, the number of particles corresponding
to the wafer 10 is thereby reduced, and therefore the
number of particles adhering to the wafer 10 is reduced.
Note that the configuration could also be such that the
direction of flow of current in the auxiliary electromag-
netic coil 28 is reversed to form a cusped magnetic field,
as shown in Fig. 8.
[0029] After a film was formed on an 8-inch wafer as
described above, power-reduction processing was per-
formed in which the current in the auxiliary electromag-
netic coil 28 was changed in various ways, and the num-
bers of particles between 0.25 µm and 1 µm on the wafer
surface were counted, with the results being as shown
in Fig. 9. It is clear from this graph that the number of
particles decreases as the current in the auxiliary elec-
tromagnetic coil 28 decreases. Note that the current in
the auxiliary electromagnetic coil 28 was 120 A during
the film formation.
[0030] The present invention relates to a method for
preventing particle contamination of wafers during plas-
ma processing, but this method can also have other em-
bodiments. One of these embodiments is intended to
reduce the number of particles adhering to the surface
of the mounting stand 3. If particles adhere to the sur-
face of the mounting stand, those particles may transfer
to the rear surface of the wafer so that, when the wafer
is accommodated within a cassette, the particles may
fall off and adhere to the surface of a wafer in a lower
stage, which will deteriorate the yield.
[0031] In this embodiment, a negative voltage of
-1000 V, for example, is applied by a power source 4 to
the chuck electrode 33 of the electrostatic chuck 32, as
shown in Fig. 10. The timing at which this voltage is ap-
plied could be immediately after a film has been formed
on the wafer 10 and the wafer 10 has been removed
from the mounting stand 3 by the conveyor arm, for ex-
ample. The transfer of the wafer to the conveyor arm
could be done by pushing the wafer upward by project-
ing pins incorporated within the mounting stand 3, then
inserting the arm into the lower-surface side of the wafer.
[0032] The thickness of the dielectric member above
the chuck electrode 33 is extremely thin, on the order of
0.4 mm, and moreover an ordinary conductive material
is mixed into the material such as alumina or aluminum
nitride of the dielectric member used in the electrostatic
chuck, to ensure that the residual charge is small when
the electrostatic chuck is switched off. This means that
the surface layer portion of the dielectric member (the
portion above the chuck electrode 33) is slightly conduc-
tive. There is therefore a voltage drop in this surface lay-
er portion, so the surface of the mounting stand 3 is at
a negative potential even when the negative voltage of
the power source 4 is not present. Since the particles
within the plasma remain negatively charged within a
high degree of vacuum, it is difficult for these particles
to come close to the surface of the mounting stand 3,
and thus the adhesion of such particles to the mounting
stand 3 is suppressed. This method can also be applied

7 8



EP 0 933 803 B1

6

5

10

15

20

25

30

35

40

45

50

55

to etching.
[0033] Experiments were performed wherein an SiOF
film was formed on a wafer under the above described
conditions then that wafer was removed from the mount-
ing stand 3 by the conveyor arm, various different volt-
ages were applied to the chuck electrode 33 of the
mounting stand 3, the next wafer was then placed on
the mounting stand 3, that wafer was removed and
placed in a cassette, and the numbers of particles be-
tween 0.25 µm and 1 µm that adhered to the surface of
the unconveyed wafer immediately therebelow were
counted. The results are shown in Fig. 11. It can be seen
from these results that the number of particles is re-
duced by applying a negative voltage to the chuck elec-
trode 33 of the mounting stand 3.
[0034] The description now turns to a further embod-
iment of the present invention. The configuration of this
embodiment is such that, after the film-formation
processing, a first cleaning step is performed with a
cleaning gas 41 comprising a halogen gas, such as NF3,
CF4, or ClF3, then a second cleaning step is performed
with a cleaning gas 42 comprising at least O2, such as
a mixture of O2 and Ar, as shown in Fig. 12. The cleaning
gases 41 and 42 are supplied from the plasma gas noz-
zles 26 of the apparatus, as shown in Fig. 1. To ensure
that a plasma zone Z that is wider than the plasma zone
used during the film formation is created for the cleaning
steps, a dispersed magnetic field is formed by, for ex-
ample, reducing the current in the auxiliary electromag-
netic coil 28 to less than that during the film formation,
or to zero, as previously described with reference to Fig.
6.
[0035] Use of this method makes it is possible to re-
duce particles in an apparatus for forming a film of a
material such as SiOF, SiO2, or polysilicon. The reason
therefor will now be discussed. After films have been
formed on a certain number of wafers, such as 13 wa-
fers, the interior of the vacuum vessel 2 is cleaned with
a halogen type of gas. However, when the present in-
ventors investigated more closely, they found that some
particles will adhere to the next wafer to be processed,
albeit a very small number thereof, even after this clean-
ing, and carbon is comprised within these particles. In
other words, they determined that previous fragments
remain on surfaces such as the inner walls of the vessel
and the side surfaces of the mounting stand 3, even
when cleaning is done with a halogen gas.
[0036] The inventors considered that this carbon is
dispersed from the O-ring used to provide a hermetic
seal for the vacuum vessel. This is considered to be be-
cause the O-ring is made of a resin and active seeds of
the plasma that enter into crevices in the walls will pen-
etrate the O-ring. Therefore, the reaction between car-
bon and oxygen when subjected to an oxygen plasma
will cause fragments to form CO2 and CO and scatter.
[0037] If the plasma zone is broadened by a dispersed
magnetic field when cleaning is performed, the cleaning
gases are projected over all the surfaces of the mount-

ing stand 3 and also all the walls of the vacuum vessel
2. In this case, the dispersed magnetic field could be
formed in either the first cleaning step or the second
cleaning step, or in both cleaning steps. Note that it is
also possible to form the cusped magnetic field de-
scribed previously with reference to Fig. 8, to broaden
the plasma zone.
[0038] Experiments were performed by forming a film
of SiOF on each of 13 wafers then executing the first
and second cleaning steps, and subsequently forming
a film of SiOF on a further wafer. The numbers of parti-
cles between 0.25 µm and 1 µm on the surface of that
wafer were counted, with the results being as shown in
Fig. 13 which shows the relationship between different
currents in the auxiliary electromagnetic coil 28 during
the second cleaning step and the numbers of particles.
[0039] It should be noted that NF3 gas was supplied
at 1000 sccm during the first cleaning step, the pressure
was 500 Pa, the microwave power was 1200 W, the bi-
asing power was zero, the current in the auxiliary elec-
tromagnetic coil 28 was 200 A, and cleaning was per-
formed for ten minutes. During the second cleaning
step. O3 and Ar were supplied at 200 sccm and 300 sc-
cm, respectively, the pressure was 0.3 Pa, the micro-
wave power was 1700 W, the biasing power was zero,
and the cleaning was performed for one minute.
[0040] As a result, it was shown that performing the
second cleaning step made it possible to reduce the par-
ticles, and broadening the magnetic field made it possi-
ble to reduce them even further.
[0041] Thus the present invention makes it possible
to suppress contamination of an object to be processed
by particles, and also enables an improvement in the
yield.

Claims

1. A plasma processing method comprising the steps
of:

forming a magnetic field by a first coil (27) and
a second coil (28) in such a manner that mag-
netic lines of force thereof run from a zone cor-
responding to a surface to be processed of an
object (10) to be processed towards said object
(10) to be processed, said object (10) being
provided in a film-formation chamber (22);
forming a plasma from a processing gas that is
supplied into a plasma chamber (21), based on
the interaction between an electrical field and
said magnetic field;
using said plasma to perform a plasma process
on said object (10) to be processed, said first
coil (27) and said second coil (28) being dis-
posed so as to surround an axis passing cen-
trally through of said object (10) to be proc-
essed, whereby said first coil (27) is provided
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above said object (10) to be processed and said
second coil (28) is provided either beside or be-
low said object (10) to be processed and both
coils are energised during said plasma proc-
ess;
subsequently forming a plasma that does not
promote processing instead of said plasma of
said processing gas,
adjusting said magnetic field in such a manner
that said magnetic lines of force thereof in the
vicinity of said object (10) to be processed fan
out further than during said plasma processing
by either reducing a current flowing through
said second coil (28) to less than that during
said plasma processing, including a reduction
to zero, or reversing said current; and
conveying said object (10) to be processed out
of said film-formation chamber (22).

2. A method as claimed in claim 1 comprising the
steps of:

attracting the object (10) to be processed by
electrostatic attraction to a mounting stand (3)
that is provided within a film-formation chamber
(22) and includes an electrostatic chuck (32),
subsequently separating said object (10) to be
processed from said mounting stand (3) and
applying a negative voltage to a chuck elec-
trode (33) of said electrostatic chuck (32); and
placing another object to be processed on said
mounting stand (3) and performing plasma
processing thereon.

3. A method as claimed in claim 2, wherein the film-
formation gas comprises SiF4 and the plasma gas
comprises Ar and O2 for forming a film of SiOF.

Patentansprüche

1. Ein Plasmabearbeitungsverfahren, umfassend die
Schritte:

Bilden eines magnetischen Feldes durch eine
erste Spule (27) und eine zweite Spule (28) der-
art, dass die magnetischen Kraftlinien dersel-
ben von einem Bereich, der einer zu bearbei-
tenden Oberfläche eines zu bearbeitenden Ge-
genstands (10) entspricht, zu dem zu bearbei-
tenden Gegenstand (10) hin verlaufen, wobei
der Gegenstand (10) in einer Filmformations-
kammer (22) vorgesehen ist;

Bilden eines Plasmas aus einem Bearbeitungs-
gas, das in eine Plasmakammer (21) zugeführt
wird, basierend auf der Wechselwirkung zwi-
schen einem elektrischen Feld und dem ma-

gnetischen Feld;

Verwenden des Plasmas, um eine Plasmabe-
arbeitung an dem zu bearbeitenden Gegen-
stand (10) durchzuführen, wobei die erste Spu-
le (27) und die zweite Spule (28) derart ange-
ordnet sind, um eine Achse, die mittig durch
den zu bearbeitenden Gegenstand (10) ver-
läuft, zu umgeben, und wobei die erste Spule
(27) oberhalb des zu bearbeitenden Gegen-
stands (10) und die zweite Spule (28) entweder
neben oder unterhalb des zu bearbeitenden
Gegenstands (10) vorgesehen ist, und beide
Spulen während der Plasmabearbeitung mit
Energie beaufschlagt sind;

anschließendem Bilden eines Plasmas, das die
Bearbeitung nicht steigert, anstelle des Plas-
mas des Bearbeitungsgases;

Einstellen des magnetischen Feldes derart,
dass die magnetischen Kraftlinien desselben in
der Umgebung des zu bearbeitenden Gegen-
stands (10) sich weiter während der Plasmabe-
arbeitung ausbreiten, entweder durch Reduzie-
ren eines durch die zweite Spule (28) fließen-
den Stroms auf weniger als den während der
Plasmabearbeitung (einschließlich einer Redu-
zierung auf Null) oder durch Umkehren des
Stroms; und

Befördern des zu bearbeitenden Gegenstands
(10) aus der Filmformationskammer (22).

2. Ein Verfahren nach Anspruch 1, umfassend die
Schritte:

Anziehen des zu bearbeitenden Gegenstands
(10) durch elektrostatische Anziehung an ei-
nem Befestigungsstand (3), der innerhalb einer
Filmformationskammer (22) vorgesehen ist
und eine elektrostatische Einspannvorrichtung
(32) umfasst,

anschließendem Trennen des zu bearbeiten-
den Gegenstands (10) von dem Befestigungs-
stand (3) und Anlegen einer negativen Span-
nung an die Einspannvorrichtungselektrode
(33) der elektrostatischen Einspannvorrichtung
(32); und

Stellen eines weiteren zu bearbeitenden Ge-
genstands auf den Befestigungsstand (3) und
Durchführen der Plasmabearbeitung an die-
sem.

3. Ein Verfahren nach Anspruch 2, wobei das Filmfor-
mationsgas SiF4 aufweist, und das Plasmagas Ar
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und O2 zum Bilden eines Films aus SiOF aufweist.

Revendications

1. Procédé de traitement par plasma comprenant les
étapes consistant à:

former un domaine magnétique au moyen
d'une première bobine (27) et d'une seconde
bobine (28) de telle sorte que des lignes de for-
ce de champ magnétique de ces bobines
s'étendent depuis une zone correspondant à
une surface devant être traitée d'un objet à trai-
ter (10) en direction dudit objet à traiter (10),
ledit objet (10) étant pourvu d'une chambre (22)
de formation de film;

former un plasma à partir d'un gaz de traite-
ment qui est envoyé dans une chambre à plas-
ma (21), sur la base de l'interaction entre un
champ électrique et ledit champ magnétique;

utiliser ledit plasma pour exécuter un traitement
plasmatique dudit objet à traiter (10), ladite pre-
mière bobine (27) et ladite seconde bobine (28)
étant disposées de manière à entourer l'axe
passant au centre dudit objet à traiter (10), la-
dite première bobine (27) étant prévue au-des-
sus dudit objet à traiter (10) et ladite seconde
bobine (28) étant prévue soit à côté, soit au-
dessous dudit objet à traiter (10) et les deux bo-
bines étant excitées pendant ledit processus
plasmatique;

former ultérieurement un plasma qui ne favori-
se pas le traitement à la place dudit plasma du-
dit gaz de traitement,

ajuster ledit champ magnétique de telle sorte
que lesdites lignes de force du champ magné-
tique à proximité dudit objet à traiter (10) se dé-
ploient d'une manière plus conséquente que
pendant ledit traitement plasmatique soit par
réduction d'un courant circulant dans ladite se-
conde bobine (28) à une valeur plus faible que
pendant ledit traitement plasmatique, y compris
une réduction à zéro, soit par inversion dudit
courant; et

convoyer ledit objet à traiter (10) hors de ladite
chambre (22) de formation du film.

2. Procédé selon la revendication 1, comprenant les
étapes consistant à:

attirer l'objet à traiter (10), par attraction élec-
trostatique sur un support de montage (3) qui

est prévu dans une chambre (22) de formation
du film et inclut un mandrin électrostatique (32);

séparer ensuite ledit objet à traiter (10) dudit
support de montage (3) et appliquer une ten-
sion négative à une électrode (33) dudit man-
drin électrostatique (32); et

disposer un autre objet à traiter sur ledit support
de montage (3) et appliquer un traitement plas-
matique à l'objet.

3. Procédé selon la revendication 2, selon lequel le
gaz de formation du film comprend du SiF4 et le gaz
de plasma comprend du Ar et du O2. pour former
un film de SiOF.
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