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1
PLASMA PROCESS APPARATUS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

This 1s a continuation of application Ser. No. 08/357,423,

filed on Dec. 16, 1994, now U.S. Pat. No. 5,525,159.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a plasma process appa-
ratus and, more particularly, a plasma CVD apparatus for
using plasma to process substrates such as semiconductor
walers and LCD substrates.

2. Description of the Related Art

In a plasma process apparatus disclosed in Jpn. Pat.
Appln. KOKAI Publication No. He1 3-79025, a flat induc-
tion coill 1s arranged outside a process chamber by an
insulating shield, and a radio frequency power supply is
connected to the induction coil. The induction coil produces
induction electromagnetic field to induce the movement of
clectrons and develop plasma.

In another plasma process apparatus disclosed 1n Euro-
pean Patent Publication No. 0.379.828, radio frequency 1s
added to a vortex or spiral induction coil to generate plasma
in the process chamber. Plasma 1s closed 1n the process
chamber by bipolar magnetic field.

FIG. 11 shows the profile of film thickness of a semicon-
ductor film formed on a semiconductor wafer by a conven-
tional plasma CVD apparatus in which an RF induction coil
1s used. The RF induction coil 2 has an outer diameter
substantially the same as that of the wafer W and 1s arranged
coaxial to the wafer W. Hatched portion between the coil 2

and the wafer W 1 FIG. 11 represents the profile of film
thickness of the film formed.

When the conventional apparatus 1s used, the film thick-
ness becomes small at the center and the outer rim portion
of the wafer W while it becomes large between the center
and the outer rim portion thereof, as shown 1n FIG. 11. This
unevenness of film thickness cannot be 1gnored as the
diameter of the water W becomes larger and larger, to 6, 8
and 12 inches. In a substrate like the LCD (liquid crystal
display) substrate having a large area of 500 mmx600 mm
or 550 mm.x650 mm, the unevenness of film thickness of a
formed film provides a problem.

The RF induction coil 1s arranged adjacent to a quartz-
made dielectric window which 1s a part of wall for defining
the process chamber. In the case of the plasma process,
particularly the film forming process, by-products easily
adhere to the inner face of the window. When the
by-products are conductive, the induction electromagnetic
field generated by the RF induction coil 1s disturbed and
plasma thus formed becomes sometimes uneven.

SUMMARY OF THE INVENTION

The object of the present invention 1s therefore to increase
or enhance the uniformity of process applied to a face of the
substrate by the plasma process apparatus 1in which the RF
induction coil 1s used.

According to a first aspect of the present invention, there
1s provided an apparatus for processing a process region of
a substrate, using a plasma, comprising: a casing for defining
an air-tight process chamber and provided with a window
plate made of dielectric; an exhaust for exhausting and
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setting the process chamber to a vacuum; a work table
arranged 1n the process chamber and having a support face
opposed to the window plate, the substrate being mounted
on the support face of the work table, facing the process
region to the window plate; a main supply for supplying a
process gas between the window plate and the substrate on
the support face of the work table, at least a part of the
process gas being transformed into the plasma; an induction
clectrode for generating electromagnetic field between the
window plate and the substrate on the support face of the
work table to induce generation of the plasma, and including
plural conductive coils arranged outside the process cham-
ber and opposed to the window plate; and a power supply
section for applying high frequency voltages to the coils;
wherein high frequency voltages applied to the coils are the
same 1n phase and directions of current flowing through
adjacent portions of the coils are the same.

According to a second aspect of the present invention,
there 1s provided an apparatus for processing a process
region of a substrate, using a plasma, comprising: a casing
for defining an air-tight process chamber and provided with
a window plate made of dielectric; an exhaust for exhausting
and setting process chamber to a vacuum; a work table
arranged 1n the process chamber and having a support face
opposed to the window plate, the substrate being mounted
on the support face of the work table, facing the process
region to the window plate; a main supply for supplying a
process gas between the window plate and the substrate on
the support face of the work table, at least a part of the
process gas being transformed into the plasma; an induction
clectrode for generating electromagnetic field between the
window plate and the substrate on the support face of the
work table to induce generation of the plasma, and including
plural conductive coils arranged outside the process cham-
ber and opposed to the window plate; and a power supply
section for applying high frequency voltages to the coils at
different phases to enable electromagnetic field components
formed by the coils to less interfere with each other.

According to a third aspect of the present invention, there
1s provided a CVD apparatus for forming a film on a process
region of a substrate, using a plasma, comprising: a casing
for defining an air-tight process chamber and provided with
a window plate made of dielectric; an exhaust for exhausting,
and setting the process chamber to a vacuum; a work table
arranged 1n the process chamber and having a support face
opposed to the window plate, the substrate being mounted
on the support face of the work table, facing the process
region to the window plate; a main supply for supplying a
process gas between the window plate and the substrate on
the support face of the work table, and including a first
supply member having a first supply head made of dielectric
and arranged between the window plate and the support face
of the work table and a second supply member arranged
between the window plate and the first supply member, the
first supply head including a plurality of supply holes to
uniformly cover the whole of the process region of the
substrate on the support face, the process gas mcluding first
and second gases supplied through the first and second
supply members, respectively, and the second gas being
transformed 1nto the plasma while the first gas being excited
and decomposed by the plasma thus formed to provide a
material of the film; an imduction electrode for generating
clectromagnetic field between the window plate and the
substrate on the support face of the work table to induce
generation of the plasma, and including plural conductive
colls arranged outside the process chamber and opposed to
the window plate; and a power supply section for applying
high frequency voltages to the coils.
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Additional objects and advantages of the mmvention will be
set forth 1 the description which follows, and 1n part will be
obvious from the description, or may be learned by practice
of the invention. The objects and advantages of the invention
may be realized and obtained by means of the instrumen-
talities and combinations particularly pointed out in the
appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of the specification, 1llustrate presently
preferred embodiments of the invention, and together with
the general description given above and the detailed descrip-
tion of the preferred embodiments given below, serve to
explain the principles of the invention.

FIG. 1 1s a sectional view showing a plasma CVD
apparatus according to a first embodiment of the present
mvention;

FIG. 2 1s a bottom view showing a {irst supply head in the
plasma CVD apparatus;

FIG. 3 1s a bottom view showing a second supply head in
the plasma CVD apparatus;

FIG. 4 1s a sectional view showing an upper chamber in
the apparatus 1n detail;

FIG. 5 1s a perspective view showing how an induction
electrode coil 1s seated on a seat;

FIG. 6 1s a plan view showing the induction electrode in
the apparatus;

FIGS. 7 through 9 are plan views showing variations of
the 1nduction electrode;

FIG. 10 shows the profile of film thickness of a film
formed by the apparatus in FIG. 1;

FIG. 11 shows the profile of film thickness of a film
formed by a conventional apparatus;

FIG. 12 1s a bottom view showing a variation of the first
supply head;

FIGS. 13 and 14 are bottom views showing variations of
the second supply head, respectively;

FIGS. 15 through 17 show distributions of quantity of gas
fed through supply holes of the first supply head;

FIG. 18 1s a sectional view showing a variation of the
upper chamber;

FIG. 19 1s a perspective view showing how the induction

electrode coil 1s seated on a seat in the upper chamber of
FIG. 18;

FIGS. 20 and 21 are sectional views showing plasma
CVD apparatuses according to second and third embodi-
ments of the present invention, respectively; and

FIG. 22 1s a sectional view showing a process system of
the cluster tool type 1in which a plasma CVD apparatus
according to the present 1invention 1s used.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The plasma CVD apparatus according to a first embodi-
ment of the present imnvention shown in FIG. 1 1s used to
form polysilicon or amorphous silicon film used for thin film
transistors (TFTs) on a glass substrate in the liquid color
display (LLCD) manufacturing course.

The CVD apparatus has an air-tight container 12 made of
alumintum. Inner walls of the container 12 are alumite-
processed by anodic oxidation not to cause any contamina-
tion matter from the walls. The container 12 1s divided mto
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4

process and upper air-tight chambers 16 and 18 by a window
or partition plate 14 made of dielectric such as quartz. The
partition plate 14 has an area larger than that of the substrate
which 1s to be processed. When an LCD glass substrate
having an area of 550 mmx650 mm, for example, 1s to be
processed, the partition plate 14 has an area of 750 mmx750

mm and a thickness of 30 mm—50 mm. The process chamber
16 has a volume of 40-80 liters when the LCD substrate of
550 mmx650 mm 1s to be processed.

A work table 22 1s arranged on the bottom of the process
chamber 16. It includes a frame 24 mounted on the bottom
of the process chamber 16 and made of insulator, and a
lower electrode 26 arranged 1n the frame 24. The electrode
26 1s fully 1nsulated from the container 12 by the frame 24.
The top of the electrode 26 1s the same 1n level as that of the
frame 24 to thereby form a substrate support surface parallel
to the partition plate 14. The work table 22 has a clamp 28
moved up and down by a drive member (not shown). The
substrate S to be processed 1s mounted on the work table 22,
scating on tops of the electrode 26 and the frame 24, and
fixed on it by the clamp 28.

A temperature adjuster member 32 i1s arranged in the
clectrode 26 to set the temperature of the substrate S. It heats
the substrate S to 350°—450° C., for example, during the
silicon film forming process. A ceramic heater made by
coating a plate-like ceramic with a CVD electric resistor can
be used as the temperature adjuster member 32. In another
case where the substrate S 1s to be cooled, there may be
provided a cooling pipe through which coolant flows. It 1s
also possible to use a combination of the heater and the
cooling pipe.

A line 42 1s formed in the electrode 26 to supply heat
fransmitting gas such as helium into a clearance between the
top of the work table 22 and the underside of the substrate
S. It 1s connected to a gas source 44, which has pressure
adjusting function, outside the container 12. Heat transmit-
ting gas assists heat transmission between the temperature
adjuster member 32 and the substrate S during the plasma
CVD process conducted 1n a vacuum atmosphere.

Temperature setting for the substrate S adds some influ-
ence to the film forming speed and film quality (better as
voids are less and electric transmission rate is higher). This
asks temperature control to have high accuracy. A tempera-
ture measuring member 34 such as the thermocouple,
therefore, 1s arranged 1n the electrode 26, locating adjacent
to the underside of the substrate S. A value measured by 1t
1s transmitted, as voltage output, to a temperature monitor
36, which compares 1t with a predetermined reference value
and transmits a difference thus obtained to a temperature
controller 38. Responsive to signal thus applied, the con-
troller 38 controls the temperature adjuster member 32 to set
the substrate S at a predetermined temperature.

Each of the temperature adjuster and measuring members
32 and 34 can be divided into plural elements arranged
adjacent to the underside of the substrate S. The substrate
can be thus heated to same temperature all over 1t even 1f 1t
has such a large size of 550 mmx650 mm that causes
temperature difference between 1ts center and outer rim
portions.

A high frequency power supply 46 1s connected to the
clectrode 26 via a matching circuit 48. High frequency
potential ranging from several hundreds KHz to several tens
KHz 1s applied from the power supply 46 to the electrode 26.
Ions are drawn from process gas plasma, which 1s formed in
opposite to a surface of the substrate to be processed, onto
the substrate surface by high frequency thus applied, and the
film forming rate can be made higher accordingly.
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The process chamber 16 1s provided with an exhaust
opening 52, to which turbo molecular and dry pumps 54 and
56 are connected 1n series. The process chamber 16 can be
exhausted to a high vacuum of 107°-~10"" for example, by
these two pumps 54 and 56 before process gas 1s introduced
nto 1it.

First and second heads 62 and 82 of the shower type are
arranged above the work table 22 1n the process chamber 16
for supplying gases. Each of them has a plurality of gas
supply holes 64 or 84 which are arranged 1n a plane parallel
to the top of the substrate S on the work table 22. They are
made of dielectric such as quartz. They can also be made of
semiconductor such as monocrystal, polycrystal or amor-
phous silicon. These dielectric and semiconductor are pret-
erable because they less disturb electromagnetic field
formed 1n the process chamber 16 as described later, and
because they do not distort the distribution of plasma thus
formed.

The first lower head 62 1s led outside the process chamber
16 by a connection tube 66 which 1s made of quartz, for
example, and formed integral to the head 62. The connection
tube 66 1s connected to gas sources 74a and 74b, which have
valves 72a and 72b, via a mass flow controller 68 for
adjusting a flow rate. These gas sources 74a and 74b store
gases to be decomposed and provide materials of the CVD

film.

The first head 62 1s a pipe lattice 76 as apparent from the
bottom view 1n FIG. 2. The pipe lattice 76 has an area
10-50% larger than that region of the substrate S which 1s
to be processed, and thus it covers all over the processed
region ol the substrate S. The connection tube 66 1s con-
nected to 1t at plural or four points, two of which are opposed
to the other remaining two. These connections of the con-

nection tube 66 to the pipe lattice 76 are simplified for clarity
in FIG. 1.

Each space 78 formed by vertical and horizontal pipes of
the pipe lattice 76, which serves as the first head 62, is the
same square. A supply hole 64, orienting just down, 1s
formed 1n the underside of the pipe lattice 76 at each crossed
point thereof. The supply holes 64 are arranged 1n a plane
parallel to the support face of the work table 22 and the
substrate S on i1t and distributed uniformly all over the
process region of the substrate S. In addition, gas 1s intro-
duced into the pipe lattice 76 at two paired and opposed
points thereof through the tube 66. The supply of gas
through the supply holes 64 can be made substantially
uniform or equal.

Each of the pipes by which the pipe lattice 76 1s formed
has an outer diameter of ¥4 inches with a wall thickness of
1 mm under the standard and each of the supply holes 64 has
a diameter of 0.1 mm—0.5 mm 1n this case. These dimensions
are selected depending upon such conditions as kinds and
amounts of gases supplied. It 1s desirable that each supply
hole 64 has a size large enough to prevent plasma from being
generated 1n the direction of reactive gas sources.

The second upper head 82 1s led outside the process
chamber 16 by a connection tube 86 which 1s made of quartz
and integral to the head 82. The connection tube 86 1s
connected to gas sources 94a and 94b, which have valves
92a and 92b, via a mass flow controller 88 for adjusting a
flow rate. One gas source 94a stores therein inactive gas
such as Ar (argon), N, (nitrogen), Xe (xenon) and He
(helium) which are transformed into plasma but not used
substantially as material for a film to be formed, or N,
(nitrogen) and O, (oxygen) which are transformed into
plasma and used as material for a film to be formed. The
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other gas source 94b stores therein such gas as ClF; which
serves to clean by-products from the mnner walls of the
process chamber 16 and the partition plate 14.

The second head 82 1s a pipe frame 96 shaped like a
square, as apparent from the bottom view in FIG. 3. The
square pipe frame 96 1s made the same as or a little larger
than the pipe lattice 76 of the first head 62. The connection
tube 86 1s connected to the pipe frame 96 at plural or two
points thereof which are opposed to each other. These
connections of the connection tube 86 to the pipe frame 96
are simplified for clarity in FIG. 1.

Supply holes 84, cach orienting just sidewards and
inwards, are formed 1n the pipe frame 96 along the inner side
thereof at the same interval. They are arranged 1n a plane
parallel to the support face of the work table 22 and the
substrate S on 1t and distributed uniformly along the outer
rim of the process region of the substrate S. Gas 1s 1ntro-
duced into the pipe frame 96 at paired and opposed two
points thereof through tube 86. The supply of gas through
the supply holes 84 can be thus made substantially uniform
or equal. The supply holes 84 may be formed in the
underside of the pipe frame 96 and oriented just down, or 1n
the top thereof and oriented right up.

The pipe by which the pipe frame 96 1s formed has an
outer diameter of ¥ inches with a wall thickness of 1 mm
under the standard and each supply hole has a diameter of
0.1 mm—0.5 mm 1n this case. These dimensions are selected
depending upon such conditions as kinds and amounts of
gases supplied.

An 1nduction electrode or antenna 102 1s arranged 1n the
upper chamber 18 which 1s air-tightly partitioned from the
process chamber 16 by the partition plate 14. The electrode
102 comprises, 1n this case, plural or two coils 106a and
106b ecach made of electric conductor such as Al or Cu. The
colls 106a and 106b are seated on plural seats 104 on the
partition plate 14. Each seat 104 1s made of ceramics which
1s adiabatic and less disturbs electromagnetic field. The seats
104 are shown simply 1n FIG. 1, but more specifically, each
of them comprises a plurality of pieces 104a for supporting
the coil 106a or 106b, as shown 1n FIGS. 4 and §. These
pieces 104a are fixed on the partition plate 14 and the heat
expansion of each coil 106a or 106b 1s limited by them.

Each of the coils 106a and 106b can be made by stamping,
or processing a copper plate of 1 mm—5 mm thick to form
a spiral coil of 5 mm-1 mm wide, or by bending a pipe,
made of copper and having outer and 1nner diameters of 5
mm and 2 mm, 1nto spiral, or by bending a solid copper rod,
having an outer diameter of 5 mm—10 mm, 1nto a spiral.
Copper 1s a good electric conductor and 1t 1s excellent 1n that
it can be easily shaped into a spiral. Gold, silver and

aluminium and alloys of copper with them can be cited as
other desirable coil materials.

The coils 106a and 106b are connected to a high fre-
quency power supply 112 through matching circuits 108.
Radio frequency such as high frequency of 13.56 MHz, for
example, 1s applied from the power supply 112 to the coils
106a and 106b at a same phase. As shown an FIG. 6, the coil
106a 1s spiraled 1 a direction reverse to that of the spiral of
the coil 106b and directions of current flowing through them
coincide with each other along adjacent portions of them to
thereby prevent electromagnetic fields formed by them from
interfering with each other. They occupy an area 5-50%
larger than the processed region of the substrate to fully
cover the whole of it.

A head 122 of the shower type opposed to the coils 106a
and 106b and having a plurality of gas supply holes 1s
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arranged above the coils 106a and 106b 1n the upper
chamber 18. The coils 106a and 106b cause Joule heat when
high frequency 1s applied to them, and their temperatures are
thus raised. They are therefore cooled by 1nactive coolant or
gas such as nitrogen supplied from the shower head 122. The
head 122 1s led outside the container 12 by a tube 124 and
connected to a liquid nitrogen source 134 via valve 126, a
mass flow controller 128 and a temperature adjuster member
132. Liquid nitrogen 1n the source 134 1s supplied, as gas, to
the temperature adjuster member 132 and set to a predeter-
mined temperature by 1t and then supplied to the head 122.

The upper chamber 18 1s provided with an exhaust
opening 136 to which an exhaust pump 138 1s connected.
The upper chamber 18 1s made vacuum by the pump 138.
The pump 138 of the upper chamber 18 and those of the
process chamber 16 are connected to a pressure controller
142, which controls the amount of gases exhausted by the
exhaust pump 138 according to the pressure in the process
chamber 16 to keep the pressure difference between the
chambers 16 and 18 1n a predetermined range.

Pressure 1n the process chamber 16, temperature of the
substrate S set by the temperature adjuster member 32,
kinds, tlow rates and temperatures of gases supplied through
the heads 62 and 82, voltages applied to the coils 106a and
106b, and others are displayed on an operation panel and
confirmed and adjusted by the operator.

Citing a case where polysilicon or amorphous silicon film
1s formed on an LCD glass substrate, 1t will be described
how the plasma CVD apparatus i1s operated.

The LCD glass substrate S 1s mounted on the work table
22 and fixed on 1t by the clamp 28. Heat transmitting gas 1s
supplied between the work table 22 and the substrate S and
the temperature of the substrate S is set to 350°-450° C. by
the temperature adjuster member 32. The process chamber
16 is exhausted to a predetermined pressure of 1x107"-107"
Torr, for example. Gas to be decomposed such as gas
containing silane (SiH,) and hydrogen (H,) is supplied into
the process chamber 16 through the first head 62 while
inactive gas such as helium (He) into it through the second
head 82. The pressure in it becomes 1x107°~10~" because of
silane, hydrogen and helium gases supplied.

When high frequency of 13.56 MHz, for example, 1s
applied to the coils 106a and 106b under this state, inducted
clectromagnetic fields are formed 1n the process chamber 16
and helium gas 1s thus transformed into plasma. Ions or
clectrons 1n the plasma pass through spaces 78 of the first
head 62, excite silane and hydrogen gas and assist its
decomposition. Silicon obtained when silane 1s decomposed
1s deposited on the substrate S to form polysilicon or
amorphous silicon film on 1it.

Apart of a by-product film deposited on the partition plate
14 1s decomposed and vaporized by the helium gas plasma
and thus removed from the partition plate 14 during the film
forming process. Gas components thus generated, other gas
components not used for film forming, and by-products are
exhausted by the exhaustion, which i1s kept running during
the film forming process, from the process chamber 16
through the exhaust opening 52.

Bias potential of high frequency 1s applied from the power
supply 46 to the lower electrode 26 during the film forming
process. Ions or electrons 1n the helium gas plasma are thus
drawn downwards to more easily pass through spaces 78 of
the first head 62. Further, bias potential applied to the lower
electrode 26 1s high frequency, so that it can be prevented
that only 10ons 1n plasma are drawn 1nto the electrode to raise
the potential of it.
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The coils 106a and 106b generate Joule heat because of
high frequency voltage applied. When high frequency volt-
age of 13.56 MHz and 200 W 1s applied to a coill made of
Cu and having an outer diameter of 6 inches, for example,
a temperature rise of 180°-250° C. is caused in the coil.
When this temperature 1s transmitted directly to the partition
plate 14 made of quartz, micro-cracks are caused in the plate
14. The seats 104 for supporting the coils 106a and 106b on
them are made of ceramics which 1s adiabatic and less
disturbs electromagnetic field. They can, therefore, protect
the partition plate 14 from heat without adding any unde-
sirable effect to the formation of plasma.

Coolant such as nitrogen gas 1s supplied on the coils 106a
and 106b through the head 122 during the film forming
process. However, pressure difference between in the pro-
cess and upper chambers 16 and 18 i1s kept lower than a
predetermined value by the controller 142. In short, the
controller 142 controls the amount of gases exhausted by the
exhaust pump 138 according to the amount of nitrogen gas
supplied from the head 122. This prevents large load caused
by the pressure difference from being added to the partition
plate 14.

FIG. 10 shows the profile of film thickness of a film thus
formed. A hatched portion between the substrate S and the
colls 106a, 106b 1n FIG. 10 represents the profile of film
thickness of the film formed. When the apparatus of the
present 1nvention as used, the formed film has a little
unevenness and its uniformity of film thickness can be
improved, as compared with the one formed by the conven-
tional apparatus, as apparent from FIG. 11.

Conditions under which the process of forming thin film
transistors on the LCD glass substrate 1s carried out will be
described.

Table 1 shows the relation between gases to be used and
kinds of films formed by CVD. When amorphous silicon
film 1s to be formed, silane (SiH,) and hydrogen (H,) are
supplied through the first head 62 while helium (He) through
the second head 82. Gas such as argon can be used 1nstead
of helium 1n this case. When amorphous silicon nitride film
is to be formed, silane (SiH,) 1s supplied through the first
head 62 while nitrogen (N,) through the second head 82.
When silicon oxide film is to be formed, silane (SiH,) is
supplied through the first head 62 while oxygen (O,)
through the second head 82.

TABLE 1
Kinds of Film Gases used
Amorphous Silicon Film SiH, + HeH,
(a — Si)
Amorphous Silicon Nitride Film SitH, + N,
(a — SiN)
Silicon Oxide Film SiH, + O,
(Si0,)

Table 2 shows the relation between films to be etched and
gases to be used 1n the thin film transistor forming process.

TABLE 2
Film etched Gases used
Aluminum (Al) Cl, + BCl,
Amorphous Silicon CF, SF,, or
(a — Si) Mixture of Cl,/SF,
Silicon Nitride SE,

(SiN)
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FIGS. 7 through 9 show variations of the induction
electrode 102.

In the wvariation shown in FIG. 7, the electrode 102
comprises three coils 116 arranged side by side. In this case,
directions of current flowing through adjacent portions of
these coils 116 coincide with each other to enable electro-
magnetic fields formed by adjacent coils not to interfere with
cach other.

In the wvariation shown 1n FIG. 8, three coils 117 are
arranged at vertexes of an equilateral triangle. When
arranged 1n this manner, 1t cannot be avoided that directions
of current flowing through adjacent portions of two coils
become reverse to each other, whatever direction current
flowing through each coil may be set to have. In this
variation, therefore, the phase of high frequency applied to
cach of three coils 117 1s shifted from the other by 120
degrees (=360/3) to thereby enable electromagnetic fields
formed by adjacent coils to less interfere with each other. As
shown 1 FIG. 1, a phase shift circuit 114 1s arranged
between the matching circuit 108 of each coil and a power

supply 112 1n this case to shift the phase of each coil from
the other.

In the variation shown in FIG. 9, four coils 118 are
arranged at vertexes of a rectangle. When directions of
current flowing through adjacent portions of coils arranged
side by side coincide with each other in this case, those of
current flowing through adjacent portions of coils arranged
on a diagonal line of the rectangle become reverse to each
other. In this variation, therefore, the phase of high fre-
quency applied to each of four coils 118 1s shifted from the
other by 90 degrees (=360/4) to thereby enable electromag-
netic fields formed by coils on the diagonal line to less
interfere with each other. As shown 1n FIG. 1, the phase shaft
circuit 114 1s also arranged between the matching circuit 108
of each coi1l and the power supply 112 1n this case to shift the
phase 1n each coil from the other.

Although voltage 1s applied from a single high frequency
power supply to coils 1n the electrode 102 shown in FIGS.
6 through 9, every coil may has a power supply. The spiral
shape and the turn number of each coil may be changed
according to the film forming process selected.

FIGS. 12 through 14 show variations of first and second
gas supply heads 62 and 82.

FIG. 12 1s a bottom view showing a variation of the first
lower head through which gas to be decomposed 1s supplied.
This head 152 1s made of the same material as that of the first
head 62 shown m FIG. 2. It 1s a pipe lattice 156 comprising
an outer pipe frame and pipes extending in the outer pipe
frame 1n the vertical direction. The pipe lattice 156 has an
arca 10-50% larger than the process region of the substrate
S to thereby fully cover the whole of 1t. Vertical pipes are
arranged 1n the outer pipe frame of the pipe lattice 156 at the
same 1nterval. Supply holes 154, orienting just downwards,
are formed 1n the underside of the pipe lattice 156 at the
same 1nterval as that between the vertical pipes in the outer
pipe frame of the pipe lattice 156. They are therefore
arranged 1n a plane parallel to the support face of the work
table 22 and the substrate S on it to fully and uniformly cover
the whole of the process region of the substrate S. Each pipe
of the pipe lattice 156 has an outer diameter of ¥4 1inches with

a wall thickness of 1 mm under the standard and each supply
hole 154 has a diameter of 0.1 mm—0.5 mm.

FIG. 13 1s a bottom view showing a variation of the
second upper head through which gas to be transformed into
plasma 1s supplied. This head 162 1s also made of the same
material as that of the above-mentioned second head 82. It
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1s substantially the same 1 dimension and structure as the
first head 62 shown in FIG. 2. The connection tube 86 is
connected to a pipe lattice 166 at plural or four points
thereof, two of which are paired each other and opposed to
the other remaining two. Supply holes 164, orienting not
sidewards as secen 1n the head 82 but just downwards, are
formed 1n the underside of the pipe lattice 166 at crossed
pints thereof.

FIG. 14 15 a bottom view showing another variation of the
second upper head through which gas to be transformed into
plasma 1s supplied. This head 172 1s made of the same
material as that of the above-mentioned second head 82. It
1s substantially the same 1n dimension and structure as the
first head 152 shown 1n FIG. 12. The connection tube 86 is
connected to a pipe lattice 176 at plural or four points
thereof, two of which are paired each other and opposed to
the remaining two. Supply holes 174 are oriented not
sidewards as seen 1n the head 82 but just downwards.

The shape of supply heads shown i FIGS. 2, 3 and 12
through 14 can be changed according to that of objects to be
processed. They can be shaped like a circle when objects to
be processed have a shape of circle like semiconductor
wafers.

A test relating to the distribution of flow rates of gas
supplied through the supply holes 64 was carried out, using
the head 62 or pipe lattice 76 of the shower type shown in

FIG. 2. Results thus obtained will be described.

Briefing of Calculations

The head 62 to be calculated comprised combining
quartz-made pipes, each having an outer diameter of Y4
inches (and an inner diameter of 4.2 mm), as pipe lattice 76.
Supply holes 64 each having a diameter D were arranged 1=7
units 1n a direction X and J=6 units 1n a direction Y and their
total became 42 units (=IxJ). Gases were supplied to the pipe
lattice 76 through the tube 66 which were connected to 1t at
four points thereof.

It was assumed in the calculations that the head 62 was
arranged 1n the process chamber 16 which had been set to
have pressure Pr and temperature Ir.

A thermal-liquid analysis soft ware “FLUENT" was used
in the analysis, but it was difficult to define the combination
of cylindrical pipes and 1t was therefore assumed that each
pipe was a square column whose sectional area of flow path
had a side of 4 mm. The sectional area of flow path 1s 1.15
times larger than 1n the practical case. The increase of this
sectional area of flow path must be considered 1n the result
of analysis.

The flow rate of gas flowing into the process chamber
could not be defined as a boundary condition. Therefore,
difference AP=Ps-Pr was used as the boundary condition
wherein Pr denoted pressure 1n the process chamber and Ps
pressure at the point at which the tube 66 was connected to

the head 62.

The supply hole 64 1s quite small, as compared with the
whole of the head 62, and the number of lattices to be
calculated becomes large accordingly. To reduce the burden
of calculations, therefore, the following modeling was car-
ried out.

1) The head 62 is symmetrical in all directions. Analysis
was therefore conducted about ¥ of the whole of the head

62.

i1) A porous media model was used at each supply hole 64
of the head 62 to provide pressure effect in accordance with
its hole diameter.

Conditions used 1n the calculations are shown 1n Table 1.
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TABLE 3
D Ps Pr T1
Case (null) (Torr) (Torr) (© C.) Gas Composition
1 0.5 1.2 0.2 250 20% SiH, + 80% N,
Y 0.3 1.2 0.2 250  20% SiH, + 80% N,
3 0.3 2.2 0.2 250 20% SiH, + 80% N,

Results and Study

Flow rate distributions G1j/Gm obtained under the. con-
dition 1n each case are shown 1n FIGS. 15 through 17 and
Total flow rates obtained and the uniformity of flow rate
distributions are shown 1n Table 4. G1j represents a flow rate
at each supply hole 64 and Gm=G/IxJ denotes an average
flow rate.

TABLE 4
Case G (scem) Unif. (+%)
1 137 25
2 66.5 8.8
3 130 5.8

When case 1 1s compared with case 2, 1t 1s found that the
uniformity of flow rate distribution becomes better as the
diameter D of each supply hole 64 becomes smaller. When
case 2 1s compared with case 3, the uniformity becomes by
far better as G 1s 1ncreased, but 1t 1s found that D contributes
more to a better uniformity of flow rate distribution than G
does. In short, D may be made as small as possible to obtain
a uniform flow rate distribution. When D 1s made small,
however, film 1s deposited on the substrate to copy positions

of supply holes on the substrate. A measure of increasing the
distance between the head 62 and the substrate S, for
example, will be needed 1n this case.

FIGS. 18 and 19 show a variation of the system for
cooling the coils 106a and 106b. No head 122 of the shower
type for supplying coolant such as nitrogen gas 1s provided
in this variation but a coolant flow passage 184 1s formed
instead 1n a ceramics-made seat 182. A pair of the seats 182
are provided to correspond to the coils 106a and 106b and
they are spiraled extending along their corresponding coils
106a and 106b. The coolant flow passage 184 1s connected
to a coolant source 188 via a temperature adjuster member
186 and coolant supplied from the coolant source 188 1s
circulated 1n the coolant flow passage 184. Gas such as N,
or liquid coolant commercially available can be used as
coolant. A line 192 1s connected to an end of the upper
chamber 18 and temperature-adjusted gas 1s introduced 1nto
the chamber 18 through the line 192 to adjust pressure in the
chamber 18.

FIGS. 20 and 21 are sectional views showing main
portions of the plasma CVD apparatus according to second
and third embodiments of the present invention. These
embodiments are the same as the first apparatus shown 1n
FIG. 1 except the following points. The same components as
those of the first embodiment will be therefore described
only when needed.

In the second apparatus shown in FIG. 20, the second
head 82, through which gas to be transformed 1nto plasma 1s
supplied, 1s not provided, but this gas 1s supplied directly
between the partition plate 14 and the first head 62 through
the tube 86.

In the third apparatus shown in FIG. 21, the tube 86 1s not
provided, but all of process gases are supplied into the
process chamber 16 through the first head 62. The distance
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between the coils 106a, 106b and the first head 1s made by
far smaller than that in the first and second embodiments.
Gases supplied through the head 62 are transformed directly
into plasma by electromagnetic fields generated by the coils
106a and 106b. In the third embodiment, a head provided
with no spaces 78 can be used instead of the lattice head 62
having spaces 78. This 1s because spaces 78 of the lattice
head 62 1n the first and second embodiments are intended
mainly to enable 1ons and electrons drawn from plasma,
which 1s formed above the head 62, to pass through them.

A process system of the cluster tool type provided with a
plasma process apparatus according to the present invention
will be described with reference to FIG. 22.

The system has an air-tight common transfer chamber
210. Pressure 1 the common transier chamber 210 1s kept
to be in a range of nx10>Torr-nx10~*Torr. A first transfer
arm 212 for transferring a substrate by an electrostatic chuck
(not shown) is arranged in the common transfer chamber
210.

Air-tight containers 221, 223 and 225 of process appara-
tus 220, 222 and 224 are connected to three sides of the
common transfer chamber 210. Gate valves 214, 216 and
218 are arranged between the transfer chamber 210 and the
containers 221, 223, 225 to selectively communicate the
transter chamber 210 with one of them. One of the gate
valves 214, 216 and 218 is opened at a time to prevent the
process apparatus 220, 222 and 224 from bemg influenced
by another through the transfer chamber 210.

At least one of the process apparatus 220, 222 and 224,
but all of them 1n this system are plasma process apparatuses
according to the present invention. Induction electrodes 226,
228 and 230 each comprising a pair of flat spiral coils are
arranged 1n centers of the process apparatus 220, 222 and
224.

An auxiliary vacuum chamber 234 1s connected to a
fourth side of the common transfer chamber 210 through a
cgate valve 232. It 1s used to pre-heat the substrate to a
predetermined temperature before the substrate 1s processed.
It 1s also used to cool the substrate, which has been heated
while being processed, to a predetermined temperature
before the substrate i1s transferred into the cassette or
mounted on a certain place. The transfer arm 212 in the
common transfer chamber 210 1s used to transfer the sub-
strate between the auxiliary vacuum chamber 234 and one of
the process apparatus 220, 222 and 224.

Pressure 1n the auxiliary vacuum chamber 234 1s kept to
be in a range of nx10>Torr-nx10~*Torr. A resistance heater
embedded 1n a table or a lamp for directly heating the
substrate can be used as the pre-heating member. A tube
through which commercially available coolant or liquid
nitrogen 1s circulated 1n a table can be used as the cooling
member. Heat transmitting gas such as He 1s supplied
between the substrate and the table to increase heat trans-
mission 1n vacuum. When the pre-heating and cooling
members are arranged like steps, plural substrates can be
individually heated and cooled at the same time.

A second transfer chamber 238 1s connected to that side
of the auxiliary vacuum chamber, which 1s opposed to the
common transfer chamber 210, through a gate valve 236. A
second transfer arm 240 1s arranged 1n the second transfer
chamber 238. A cassette chamber 244 1s connected to that
side of the second transter chamber 238, which 1s opposed
to the auxiliary vacuum chamber 234, through a gate valve
242. At least one cassette 246 1n which plural or 25 sheets
of substrates can be horizontally housed 1s mounted on a
stage (not shown) in the cassette chamber 244. A gate valve
248 1s arranged to that side of the cassette chamber 244,
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which 1s opposed to the second transfer chamber 238, to
communicate the cassette chamber 244 with outside the
Process system.

It will be described how the above-described process
system 1s operated.

The cassette 246 1n which substrates are housed 1s trans-
ferred from another semiconductor process system to the
above-described one by an auto-transfer unit such as the
robot (ACV). It is transferred into the cassette chamber 244
through the gate valve 248 and placed at a certain position
in the chamber 244.

The gate valve 248 1s closed and gas 1n the cassette
chamber 244 1s replaced by 1nactive gas such as N,,. The gate
valve 242 1s then opened and substrates 1n the cassetie 246
are transferred one by one 1nto the pre-heating section 1n the
auxiliary vacuum chamber 234 by the second transfer arm
240 m the second transfer chamber 238.

The gate valve 236 1s closed and the auxiliary vacuum
chamber 234 1s exhausted to a predetermined pressure. After
the pre-heating of substrates 1s finished, the gate valve 232
1s opened and the transfer arm 212 receives the substrate in
the auxiliary vacuum chamber 234 and transfers it into the
common transfer chamber 210. The gate valve 232 1s then
closed.

The substrate i1s transferred from the common transfer
chamber 210 1nto selected one of the apparatus 220, 222 and
224 by the transfer arm 212 and processed in 1t. The
substrate to which all of the processes have been applied 1s
returned reversely on the same course and finally to the
cassette 246 1n the cassette chamber 244 and housed 1n 1t.

The apparatus 220, 222 and 224 can be used to apply the
same process to plural substrates. They can also be used to
successively apply different processes to one substrate.

The process of manufacturing transistors of the thin film
type can be cited as an example of successively applying
different processes to one substrate. According to this tran-
sistor making process, three layers of a-Si (amorphous
silicon), SiNx (silicon nitride) and n™ type a-Si films are
successively formed on a glass substrate. When the plasma
CVD system 1ntended to carry out the transistor making
process employs the CVD apparatus of the present invention
described with reference to FIGS. 1 through 21, a more
uniform film forming process can be applied to a substrate
having a larger area.

As the process apparatus 220, 222 and 224, parallel plate
type plasma process, heat CVD, ECR type plasma process,
sputtering, ashing and etching apparatuses can be used to
meet any process intended.

The plasma process apparatus according to first through
third embodiments of the present invention have been
described as CVD apparatus, but the present invention can
be also applied to the plasma etching, ashing and sputtering,
apparatuses. According to the present invention, plasma
generated relative to the substrate can be made more uni-
form and the uniformity of process applied to a face of the
substrate can be improved to a greater extent.

In particular, a plasma etching apparatus according to the
present 1nvention, which includes an induction electrode
comprising a plurality of coils and a shower head for
supplying an etching gas, 1s suitable for etching a transparent
electrode made of indium tin oxide (ITO), which is used as
a common electrode of a LCD.

Additional advantages and modifications will readily
occur to those skilled 1n the art. Therefore, the invention 1n
its broader aspects 1s not limited to the specific details, and
representative devices, shown and described herein.
Accordingly, various modifications may be made without
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departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

What 1s claimed 1s:

[1. An apparatus for processing a process region of a
substrate; using a plasma, comprising;:

a container substantially formed of a conductive material;

a partition plate dividing said container mto an air-tight
process chamber and an air-tight auxiliary chamber,
and having a window plate made of dielectric;

a main pump exhaust for exhausting and setting said
process chamber to a vacuum;

a work table arranged 1n said process chamber and having
a support face facing said window plate, said substrate
being mounted on said support face, with said process
region facing said window plate;

a main supply for supplying a process gas between said
window plate and said substrate mounted on said
support face, at least part of said process gas being
transformed 1nto said plasma;

an 1nduction electrode, for generating electromagnetic
field between (1) said wondow plate and (2) said
substrate mounted on said support face, to induce
generation of said plasma, and including a coil
arranged 1n said auxiliary chamber and facing said
window plate;

a power supply section for applying a high frequency
voltage to said coil;

an auxiliary exhaust pump for exhausting and setting said
auxiliary chamber to a vacuum; and

a pressure controller connected to said auxiliary exhaust
pump for keeping a pressure difference between pres-
sures 1n sald process and auxiliary chambers at a
minimum value.]

[2. The apparatus according to claim 1, further comprising

grounding means for grounding said container.]

[3. The apparatus according to claim 1, wherein said
pressure controller is connected to said main exhaust pump.]

[4. The apparatus according to claim 1, further comprising
a cooler for cooling said coil ]

[5. The apparatus according to claim 1, further comprising
an auxiliary supply for supplying an inactive gas mnto said
auxiliary chamber.]

[6. The apparatus according to claim 5, wherein said
inactive gas supplied into said auxiliary chamber 1s a
coolant, by which said coil is cooled.]

[7. The apparatus according to claim 6, wherein said
auxiliary supply comprises a shower head arranged above
said coil and having a plurality of gas supply holes facing
said coil ]

[8. The apparatus according to claim 1, further comprising
a seat arranged on said window plate and supporting said
coil.]

9. [The] An apparatus Jaccording to claim 8] for process-
Ing a process region of a substrate using a plasma compris-
ing:

a container substantially formed of a conductive mate-

rial;

a partition plate dividing said container into an air-tight
process chamber and an air-tight auxiliary chamber,
and having a window plate made of dielectric;

a main exhaust pump for exhausting and setting said
process chamber to a vacuum,

a work table arranged in said process chamber and
having a support face facing said window plate, said
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substrate being mounted on said support face, with said
process region facing said window plate;

a main supply for supplying a process gas between said
window plate and said substrate mounted on said
support face, at least part of said process gas being
transformed into said plasma;

an induction electrode, for generating electromagnefic
field between (1) said window plate and (2) said
substrate mounted on said support face, fo induce
generation of said plasma, and including a coil
arranged in said auxiliary chamber and facing said
window plate;

a power supply section for applying a high frequency
voltage to said coil;

an auxiliary exhaust pump for exhausting and seitting said
auxiliary chamber to a vacuum;

a pressure controller connected to said auxiliary exhaust
pump for keeping a pressure difference between pres-
sures in said process and auxiliary chambers at a
minimum value; and

a seat arranged on said window plate and supporting said

cotl;

wherein a passage through which coolant 1s circulated 1s

formed 1n said seat.

[10. The apparatus according to claim 1, further compris-
ing a lower electrode arranged 1n said work table and a
power supply for applying a high frequency potential to said
lower electrode.}

[11. The apparatus according to claim 10, wherein said
apparatus 1s a plasma CVD apparatus to form a film on said
process region of said substrate, said process gas 1s decom-
posed to provide a material of said film.]

[12. The apparatus according to claim 11, wherein said
process gas comprises first and second gases, and said main
supply comprises first and second supply members respec-
tively supplying said first and second gases, and wherein
said second gas 1s transformed 1nto said plasma while said
first gas is excited and decomposed by said plasma.}

[13. The apparatus according to claim 12, wherein said
first supply member includes a supply port arranged between
said window plate and said support face, and said second
supply member includes a supply port arranged between
said window plate and said supply port of said first supply
member.]

[14. The apparatus according to claim 13, wherein said
first supply member comprises a first supply head arranged
between said window plate and said support face and made
of dielectric, and said supply port of said first supply
member comprises a plurality of supply holes formed on
said first supply member and arranged to uniformly cover
the whole of said process region of said substrate mounted
on said support face.}

[15. The apparatus according to claim 14, wherein said
first supply head comprises a lattice formed of a combina-
tion of pipe elements through which said first gas flows.}

[16. The apparatus according to claim 15, wherein said
second supply member comprises a second supply head
arranged between said window plate and said first supply
head, made of dielectric, and comprising continuous frame
formed of a combination of pipe elements through which
said second gas tlows, and said supply port of said second
supply member comprises a plurality of supply holes formed
on said second supply member.}

17. An apparatus for processing a process region of a
substrate, using a plasma, comprising.

a container substantially formed of a conductive mate-

rial;
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a partition plate supported by said container and defining
an air-tight process container portion and an air-tight
auxiliary portion, and having a window plate made of
dielectric,

a main exhaust pump for exhausting and setting said
process container portion [0 a Vacuum;

a work table arranged in said process coniainer portion
and having a support face facing said window plate, the
substrate being mountable on said support face with
the process region facing said window plate;

a main supply for supplying a process gas between said
window plate and the substrate mounted on said sup-
port face, at least part of the process gas being frans-
formable into the plasma;

a planar spiral coil for generating an electromagnetic
field between said window plate and the substrate
mounted on said support face to induce generation of
the plasma, arranged in said auxiliary container por-
fion and facing said window plate;

a power supply section for applying a high frequency
voltage to said planar spiral coil;

an auxiliary exhaust pump for exhausting and setiing said
auxiliary container portion (o a vacuum;

a pressure controller connected to said auxiliary exhaust
pump for keeping a pressure difference between pres-
sures in satd process and auxiliary container portions
at a minimum value; and

a seat arranged in window plate and supporting said
planar spiral coil;

wherein a passage through which coolant is circulated is
formed in said seat.
18. An apparatus for processing with a plasma a process
region of a substrate, comprising:
a container;

a dielectric window supported by said container and
defining a first container portion and a second con-
lainer portion separated by said dielectric window;

a table for supporting the substrate in said first container
portion to face said window;

a first exhaust means connected to said first container
portion for drawing a vacuum in said first container
portion,

a first supply for supplying a process gas to said first
container porrion,

a planar spiral coil for generating an electromagnetic
field between said window and the substrate supported
on said table to induce generation of the plasma, said
planar spiral cotl being provided in said second con-
lainer portion proximate said window;

a power supply for supplyving a voltage to said coil;

a second exhaust means connected to said second con-
lainer portion for drawing a vacuum in said second
container portion; and

a second supply connected to said second container
portion, comprising a gas supply pipe and a gas source
for supplying an auxiliary gas to said second container
portion,

wherein at least one of said first and second exhaust
means are controllable to control a pressure differeniial
across said window at a minimum value.

19. The apparatus according to claim 18, further com-
prising a controller for controlling said first exhaust means
to control the pressure differential.

20. The apparatus according to claim 18, further com-
prising a controller for controlling the second exhaust
means to control the pressure differeniial
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21. The apparatus according to claim 18, wherein said
second exhaust means 1s controllable according fo an
amount of the auxiliary gas supplied by said second supply
to control the pressure differential across said window at the
mirmmum value.

22. The apparatus according to claim 18, wherein said
second exhaust means includes an exhaust pump conitrol-
lable to control the pressure differeniial across said window
at the minimum value.

23. The apparatus according to claim 22, further com-
prising a controller for controlling said exhaust pump.

24. The apparatus according to claim 18, further com-
prising a controller for controlling the second exhaust
means according to the supply of the auxiliary gas through
said second supply, to control the pressure differential across
said window as the minimum value.

25. The apparatus according to claim 18, wherein said
second exhaust means is controllable according to a pres-
sure n said first container portion.

20. The apparatus according to claim 18, wherein said
first exhaust means includes an exhaust pump.

27. The apparatus according to claim 20, further com-
prising a controller connected to said exhaust pump.

28. The apparatus according to claim 18, wherein said
container is substantially formed of a conductive material.

29. The apparatus according to claim 18, wherein said
dielectric window is supported on an inner surface of said
contarner.

30. The apparatus according to claim 18, further com-
prising grounding means for grounding said container.

31. The apparatus according to claim 18, further com-
prising a cooler for cooling said planar spiral coil.

32. The apparatus according to claim 18, wherein said
auxtliary gas is a coolant by which said planar spiral coil is
cooled.

33. The apparatus according to claim 18, wherein said
second supply comprises a shower head arranged above
said planar spiral coil and having a plurality of gas supply
holes facing said planar spiral coil.

34. The apparatus according to claim 18, further com-
prising a seat arranged on said window and supporting said
planar spiral coil

35. The apparatus according to claim 34, wherein a
passage through which a coolant is circulated is formed on
said seat.

36. The apparatus according to claim 18, further com-
prising a lower electrode arranged in said work table and a
power supply for applying a high frequency potential to said
lower electrode.

37. The apparatus according to claim 18, wherein said
apparatus is a plasma CVD apparatus to form a film on the
process region of the substrate, the process gas being
decomposable to provide a material of the film.

38. The apparatus according to claim 18, wherein the
process gas comprises first and second gases, and the first
supply comprises first and second supply members respec-
tively for supplying the first and second gases, and wherein
the second gas is transformable into the plasma when the
first gas is excited and decomposed by said plasma.

39. The apparatus according to claim 38, wherein said
first supply member includes a supply port arranged
between said window and said table, and said second supply
member includes a supply port arranged between said
window and said supply port of said first supply member.

40. The apparatus according to claim 39, wherein said
first supply member comprises a first supply head arranged
between said window and said table and is made of
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dielectric, and said supply port of said first supply member
comprises a plurality of supply holes formed on said first
supply member and arranged to uniformly cover the whole
of the process region of the substrate mounted on said fable.
5 41. The apparatus according to claim 40, wherein said
first supply head comprises a lattice formed of a combina-
tion of pipe elements through which the first gas flows.

42. The apparatus according to claim 41, wherein said
second supply member comprises a second supply head

10 arranged between said window and said first supply head,
made of dielectric, and comprising a coniinuous frame
formed of a combination of pipe elements through which the
second gas flows, and said supply port of said second supply
member comprises a plurality of supply holes formed on

15 said second supply member.

43. The apparatus according to claim 18, wherein the
pressure differential across said window is conirolled to be
in a preselected range.

44. The apparatus according to claim 18, wherein said

20 dielectric window has a thickness in a preselected range.

45. An apparatus for processing a substrate in a plasma
COMprising:

a container;

a dielectric window supported by said container and
dividing said container nfo a first container portion
and a second container poriion;

25

first vacuum means for creating a first vacuum in said first
container portion;

second vacuum means for crealing a second vacuum n
said second container portion;

30

a controller for controlling at least one of said first and
second vacuum means in order to conirol a differeniial
pressure across said window at a minimum value;

35 q table arranged in said first container portion for sup-

porting the substrate;

a first supply for supplying a process gas to said first
container portion;

an planar spiral coil arranged in said second container

40 )
POrF ILon,

a voltage supply to said planar spiral coil for generating
an electromagnetic field whereby generation of the
plasma is induced in said first container portion; and

45  a seat arranged in the said window and supporting said

planar spiral coil;

wherein a passage through which coolant is circulated is
formed in said seat.
46. An apparatus for processing a process region of a

SO substrate, using a plasma, comprising:

a container substaniially formed of a conductive mate-
rial;

a partition plate supported by said container and defining
an air-tight process container portion and an arr-tight

auxiliary container portion, and having a window plate
made of dielectric;

55

a work table arranged in said process container portion

and having a support face facing said window plate, the
substrate being mountable on said support face with

the process region facing said window plate;

60

a main supply for supplying a process gas between said
window plate and the substrate mounted on said sup-
port face, at least part of the process gas being trans-

65 formable into the plasma;

a planar spiral coil having a quadrilateral outer configu-
ration for generating an electromagnetic field between
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said window plate and the substrate mounted on said
support face to induce generation of the plasma,
arranged in said auxtliary container portion and facing
said window plate;

a power supply section for applying a high frequency
voltage to said antenna;

a pressure controller controlling a pressure difference
between a pressure in said process container portion
and a pressure in said auxiliary container portion
lower than a predetermined value; and

a seat arranged on said window plate supporting said
planar spiral coil, said seat having a passage there-
through for circulating a coolant.

47. The apparatus according to claim 46, further com-
prising an exhaust pump connected to at least one of the
container portions, wherein the pressure controller conirols
operation of said exhaust pump to control the pressure
difference.

48. The apparatus according to claim 46, further com-
prising grounding means for grounding said container.

49. The apparatus according to claim 40, further com-
prising a lower electrode arranged in said work table and a
power supply for applying a high frequency potential to said
lower electrode.

50. The apparatus according to claim 49 wherein said
apparatus 1s a plasma CVD apparatus to form a film on the
process region of the substrate, the process gas being
decomposable to provide a material of the film.

51. The apparatus according to claim 50, wherein the
process gas comprises first and second gases, and the main
supply comprises first and second supply members respec-
tively for supplying the first and second gases, and wherein
the second gas is transformable into the plasma when the
first gas is excited and decomposed by said plasma.

52. The apparatus according to claim 51, wherein said
first supply member includes a supply port arranged
between said window plate and said support face, and said
second supply member includes a supply port arranged
between said window plate and said supply port of said first
supply member.

53. The apparatus according to claim 52, wherein said
first supply member comprises a first supply head arranged
between said window plate and said support face and made
of dielectric, and said supply port of said first supply
member comprises a plurality of supply holes formed on
said first supply member and arranged to uniformly cover
the whole of the process region of the substrate mounted on
said support face.

54. The apparatus according to claim 53, wherein said
first supply head comprises a lattice formed of a combina-
tion of pipe elements through which the first gas flows.

55. The apparatus according to claim 54, wherein said
second supply member comprises a second supply head
arranged between said window plate and said first supply
head, made of dielectric, and comprising a continuous frame
formed of a combination of pipe elements through which the
second gas flows, and said supply port of said second supply
member comprises a plurality of supply holes formed on
said second supply member.

56. The apparatus according to claim 46, wherein said
partition plate is supported on an inner surface of said
container.

57. The apparatus according to claims 46 or 58, wherein
said window has a thickness of approximately 30 mm to
approximately 50 mm.
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58. An apparatus for processing with a plasma a process
region of a substrate, comprising:
a container;

a dielectric window supported by said container and
defining a first container portion and a second con-
lainer portion separated by said dielectric window,
said first container portion and said second container
portion each having substantially the same diameter;

a table for supporting the substrate in said first container
portion to face said window;

a first supply for supplying a process gas to said first
container porrion,

a planar spiral coil for generating an electromagnetic
field between said window and the substrate supported
on said table to induce generation of the plasma, said
planar spiral cotl being provided in said second con-
lainer portion proximate said window;

a power supply for supplyving a voltage to said coil;

a second supply connected to said second container
portion, comprising a gas source and a gas supply pipe
for supplying an auxiliary gas to said second container
portion,

wherein a pressure difference between a pressure in said
first container portion and a pressure in said second
container portion is controllable below a predeter-
mined value to reduce a load caused by the pressure
difference on said dielectric window:.

59. The apparatus according to claim 58, further com-

prising a controller for controlling the pressure difference.

60. The apparatus according to claim 59, further com-
prising an exhaust pump connected to at least one container
portion, wherein the controller controls operation of said
pump.

61. The apparatus according to claim 58, wherein said
container is substantially formed of a conductive material.

62. The apparatus according to claim 58, wherein said
dielectric window is supported on an inner surface of said
container.

63. The apparatus according to claim 58, further com-
prising grounding means for grounding said container.

04. The apparatus according to claim 58, further com-
prising a cooler for controlling a temperature of said planar
spiral coll.

65. The apparatus according to claim 58, further com-
prising a coolant flow passage including a coolant flow for
cooling said planar spiral coil.

00. The apparatus according to claim 58, further com-
prising a seat arranged on satd window and supporting said
planar spiral coil.

67. The apparatus according to claim 00, wherein a
passage through which a coolant is circulated is formed in
said seat.

68. The apparatus acording to claim 58, further compris-
ing a lower electrode arranged in said work table and a
power supply for applyving a high frequency potential to said
lower electrode.

09. The apparatus according to claim 58, wherein said
apparatus is a plasma CVD apparatus to form a film on the
process region of the substrate, the process gas being
decomposable to provide a material of the film.

70. The apparatus according to claim 58, wherein the
process gas comprises first and second gases, and the first
supply comprises first and second supply members respec-
tively for supplying the first and second gases, and wherein
the second gas is transformable into the plasma when the
first gas 1s excited and decomposed by said plasma.
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71. The apparatus according to claim 70, wherein said
first supply member includes a supply port arranged
between said window and said table, and said second supply
member includes a supply port arranged between said
window and said supply port of said first supply member.

72. The apparatus according to claim 71, wherein said
first supply member comprises a first supply head arranged
between said window and said table and made of dielectric,
and said supply port of said first supply member comprises
a plurality of supply holes formed on said first supply
member and arranged to uniformly cover the whole of the
process region of the substrate mounied on said table.

73. The apparatus according to claim 72, wherein said
first supply head comprises a lattice formed of a combina-
tion of pipe elements through which the first gas flows.

74. The apparatus according to claim 73, wherein said
second supply member comprises a second supply head
arranged between said window and said first supply head,
made of dielectric, and comprising a continuous frame
formed of a combination of pipe elements through which the
second gas flows, and said supply port of said second supply
member comprises a plurality of supply holes formed on
said second supply member.

75. The apparatus according to claim 58, wherein said
dielectric window has a thickness in a preselected range.

76. The apparatus according to claim 58, wherein the
pressure difference is controlled at a value that is lower than
atmospheric pressure.

77. An apparatus for processing a process region of a
substrate, using a plasma, comprising:

a container substantially formed of a conductive mate-
rial;

a partition plate supported by said container and defining
an air-tight process container portion and an air-tight

auxiliary container portion, and having a window plate
made of dielectric;

an exhaust pump for exhausting and setfing at least one
of said container portions (o a vacuum,

a work table arranged in said process container portion
and having a support face facing said window plate, the
substrate being mountable on said support face with
the process region facing said window plate;

a main supply for supplying a process gas between said
window plate and the substrate mounted on said sup-
port face, at least part of the process gas being trans-
formable into the plasma;

a planar spiral coil for generating an electromagnefic
field between said window plate and the substrate

mounted on said support face to induce generation of

the plasma, arranged in said auxiliary container por-
fion and facing said window plate;
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78. An apparatus for processing with a plasma a process
region of a substrate, comprising:
a container;

a dielectric window supported by said container and
defining a first container portion and a second con-
lainer portion separated by said dielectric window;

a table for supporting the substrate in said first container
portion to face said window;

an exhaust means connected fo at least one of said
container portions for drawing a vacuum,

a first supply for supplying a process gas to said first
container porrion,

a planar spiral coil for generating an electromagnetic
field between said window and the substrate supported
on said table to induce generation of the plasma, said
planar spiral cotl being provided in said second con-
lainer portion proximate said window;

a power supply for supplying a voltage to said planar

spiral coil; and

a second supply connected to said second container

porfion, comprising a gas source and a gas supply pipe
for supplying an auxiliary gas to said second container
portion,

wherein said exhaust means 1s controllable to control a

pressure differential across said window at a minimum
value.

79. The apparatus according to claim 78, further com-
prising a controller for controlling said exhaust means to
control the pressure differential.

80. The apparatus according to claim 78, wherein said
exhaust means ts controllable according to an amount of the
auxtliary gas supplied by said second supply to control the
pressure differential across said window at the at the mini-
mum value.

81. The apparatus according to claim 78, wherein said
exhaust means includes an exhaust pump controllable to
control the pressure differential across said window at the
minimum value.

82. The apparatus according to claim 81, further com-
prising a controller for controlling said exhaust pump.

83. The apparatus according to claim 78, further com-
prising a controller for controlling said exhaust means
according to the supply of the auxiliary gas through said
second supply, to control the pressure differential across said
window at the minimum value.

84. The apparatus according to claim 78, wherein said
exhaust means 1s controllable according to a pressure n
said first container portion.

85. The apparatus according to claim 78, wherein said
exhaust means includes an exhaust pump.

86. The apparatus according to claim 85, further com-
prising a controller connected to said exhaust pump.

87. The apparatus according to claim 78, wherein said

a power supply section for applying a high frequency 55 container is substantially formed of a conductive material.

voltage to said planar spiral coil;

a pressure controller connected to said exhaust pump for
keeping a pressure difference between pressures in said
process and auxtliary container portions at @ minimum
value;

an auxtliary supply for supplying an inactive gas into said
auxiliary container portion; and

a seat arranged on said window plate and supporting said
planar spiral coil;

wherein a passage through which coolant is circulated is
formed in said seat.

60

65

88. The apparatus according to claim 78, wherein said
dielectric window 1s supported on an inner surface of said
container.

89. The apparatus according to claim 78, further com-
prising grounding means for grounding said container.

90. The apparatus according to claim 78, further com-
prising a cooler for cooling said planar spiral coil.

91. The apparatus according to claim 78, wherein said
auxtliary gas is a coolant by which said planar spiral coil is
cooled.

92. The apparatus according to claim 78, wherein said
second supply comprises a shower head arranged above
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said planar spiral coil and having a plurality of gas supply
holes facing said planar spiral coll.

93. The apparaitus according to claim 78, further com-
prising a seat arranged on said window and supporting said
planar spiral coil.

94. The apparatus according to claim 93, wherein a
passage through which a coolant is circulated is formed on
said seat.

95. The apparatus according to claim 78, further com-
prising a lower electrode arranged in said table and a power
supply for applying a high frequency potential to said lower
electrode.

96. The apparatus according to claim 78, wherein said
apparatus 1s a plasma CVD apparatus to form a film on the
process region of the substrate, the process gas being
decomposable fo provide a material of the film.

97. The apparatus according to claim 78, wherein the
process gas comprises first and second gases, and the first
supply comprises first and second supply members respec-
tively for supplying the first and second gases, and wherein
the second gas is transformable into the plasma when the
first gas is excited and decomposed by said plasma.

98. The apparatus according to claim 97, wherein said
first supply member includes a supply port arranged
between said window and said table, and said second supply
member includes a supply port arranged between said
window and said supply port of said first supply member.

99, The apparatus according to claim 98, wherein said
first supply member comprises a first supply head arranged
between said window and said table and made of dielectric,
and said supply port of said first supply member comprises
a plurality of supply holes formed on said first supply
member and arranged to uniformly cover the whole of the
process region of the substrate mounted on said table.

100. The apparatus according to claim 99, wherein said
first supply head comprises a lattice formed of a combina-
tion of pipe elements through which the first gas flows.

101. The apparatus according to claim 100, wherein said
second supply member comprises a second supply head
arranged between said window and said first supply head,
made of dielectric, and comprising a continuous frame
formed of a combination of pipe elements through which the
second gas flows, and said supply port of said second supply
member comprises a plurality of supply holes formed on
said second supply member.

102. The apparatus according to claim 78, wherein the
pressure differential across said window is controlled to be
in a preselected range.

103. The apparatus according to claim 78, wherein said
dielectric window has a thickness in a preselected range.

104. The apparatus according to claim 78, wherein said
window has a thickness of approximately 30 mm to approxi-
mately 50 mm.

105. An apparatus for processing a process region of a
substrate, using a plasma, comprising:

a container substantially formed of a conductive mate-

rial;

a partition plate supported by said conainer and defining
an air-tight process container portion and an air-tight
auxiliary container portion, and having a window plate
made of dielectric;

10

15

20

25

30

35

40

45

50

55

60

24

a work table arranged in said process coniainer portion
and having a support face facing said window plate, the
substrate being mountable on said support face with
the process region facing said window plate;

a main supply for supplying a process gas between said
window plate and the substrate mounied on said sup-
port face, at least part of the process gas being frans-
formable into the plasma;

a planar spiral coil having a quadrilateral outer configu-
ration for generating an electromagnetic field between
said window plate and the substrate mounied on said
support face fo induce generaiion of the plasma,
arranged in said auxtliary container portion and facing
said window plate;

a power supply section for applying a high frequency
voltage to said planar spiral coil;

a pressure controller controlling a pressure difference
between a pressure in said process container portion
and a pressure in said auxiliary container portion
lower than a predetermined value;

a seat arranged on said window plate supporting said
planar spiral coil, said seat having a passage there-
through for circulating a coolant; and

an exhaust pump connected to the auxiliary container
portion and the process container portion.

106. An apparatus for processing a process region of a

substrate, using a plasma, comprising.

a container substantially formed of a conductive mate-
rial;

a partition plate supported by said container and defining
an air-tight process container portion and an atr-tight

auxiliary container portion, and having a window plate
made of dielectric;

an exhaust pump for exhausting and seiting at least one
of said container portions (o a vacuum,

a work table arranged in said process coniainer portion
and having a support face facing said window plate, the
substrate being mountable on said support face with
the process region facing said window plate;

a main supply for supplying a process gas between said
window plate and the substrate mounied on said sup-
port face, at least part of the process gas being trans-
formable into the plasma;

a planar spiral coil for generating an electromagnetic
field between said window plate and the substrate
mounted on said support face to induce generation of
the plasma, arranged in said auxiliary container por-
fion and facing said window plate;

a power supply section for applying a high frequency
voltage to said planar spiral coil;

a pressure controller connected to said exhaust pump for
keeping a pressure difference between pressures in said
process container portion and said auxiliary container
portions at a minimum value; and

a seat arranged on said window plate supporting said
planar spiral coil, said seat having a passage there-
through for circulating a coolant.
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