
I  [DOCUMENT NAME] SPECIFICATION [TITLE OF THE INVENTION] APPARATUS AND
METHOD FOR  SURFACE PROCESSING SUCH AS PLASMA PROCESSING  [TECHNICAL FIELD]
[0001] This invention relates to an apparatus and a method for conducting
a surface processing such as film deposition, etching, etc., by spraying a
processing gas onto an object to be processed, such as plasma CVD,  thermal
CVD and the like. Particularly, it relates to a so-called remote  type
plasma processing apparatus and a method in which an object to be
processed is arranged outside the space formed between adjacent  electrodes
and a plasma formed between the electrodes is sprayed onto the  object.
[BACKGROUND ART]  [0002] In Patent Document 1, for example, there is
described a remote type  plasma processing apparatus as a surface
processing apparatus. This  apparatus includes a plasma processor composed
of a plurality of vertical  electrode plates arranged in a
side-by-side-relation. Of those electrode  plates, every other electrode
plates are connected to a high frequency  power source and the remaining
every other electrode plates are grounded.  A slit is formed between every
adjacent two of the electrode plates. A  processing gas is introduced into
this slit from above. In parallel, a high  frequency electric field is
applied into the slit between the adjacent  electrode plates by the supply
of high frequency electric power to the first- mentioned every other
electrode plates from the power source. Owing to  this arrangement, the
processing gas is plasmatized and the slit between  the adjacent electrode
plates is turned out to be a plasmatizing space. The  



plasmatized gas is jetted out from a lower end of the slit and applied to
an 2  object to be processed which is arranged beneath. By doing so, a
plasma  surface processing is conducted with respect to the object. In
Patent Document 2, there is described a technique in which a  plasma is
sprayed to an object to be processed while moving the object in  a
direction orthogonal to the extending direction of electrode plates and
thus, the extending direction of a slit formed between adjacent two of the
electrode plates. By arranging such that the electrode plate and thus the
slit are made to have a length extending over the entire width of the
object,  the entire object can be processed at a time. In an apparatus
described in Patent Document 3, a plurality of gas  jet means including an
electrode plate pair are arranged in a side-by-side  relation. An object to
be processed is relatively moved along the  extending direction of a slit
formed between adjacent electrode plates.  [0003] [Patent Document 1]
Japanese Patent Application Laid-Open No. H05- 226258 (page 1) [Patent
Document 2] Japanese Patent Application Laid-Open No. 2002- 143795 (page 1)
[Patent Document 3] Japanese Patent Application Laid-Open No. 2003- 249492
(page 1) [DISCLOSURE OF THE INVENTION] [PROBLEM TO BE SOLVED BY THE
INVENTION]  [0004] The apparatus described in the Patent Document I is
unable to cope  with an object having a vast area because the number of the
electrode  plates is too limited. In contrast, with respect to an object
having a small  area, the number of electrode plates becomes more than
necessary and  



excessive electric power and processing gas are wastefully consumed 3
Moreover, in the Patent Documents I and 2, the larger the area of the
object becomes, the longer the slit and thus, the electrode plate must be
dimensioned. If the slit and the electrode plate are dimensioned longer,
the electrode plate is readily bent by its own gravity, Coulomb force,
thermal stress, etc. It is also not easy to obtain the dimensional accuracy
of the slit and the electrode plate. Moreover, the processing unit is
exponentially increased in weight in accordance with increase in number  of
the electrode plates. In the apparatus of Patent Document 3, the pairs of
electrode plates  and thus, the slit formed between every adjacent two of
the electrode  plates are not arranged at equal pitches and the processing
intervals are not  constant. Moreover, there is no explicit description on
the relation  between the electrode plate pitch between the adjacent gas
jet means and  the electrode plate pitch within the respective gas jet
means. [0005] It is, therefore, a primary object of the present invention
to provide  a technique capable of, in a surface processing such as film
deposition,  etching, etc., plasma CVD, thermal CVD and the like,
conducting the  surface processing of an object having a large area
efficiently and further  capable of making the processing intervals
constant even if the respective  slits (slit-rows) for jetting processing
gas is designed short and small.  [MEANS FOR SOLVING THE PROBLEM] [0006] In
an apparatus for processing the surface of an object to be  processed
(workpiece) by spraying a processing gas onto the object, a  surface
processing apparatus according to the present invention comprises  a
processor having a group of hole-rows composed of hole-rows each  



extending in one direction and arranged each other in a side-by-side
relation-, at equal pitches in a direction intersecting with the extending
4  direction of each of the hole-rows, the processing gas being blown
through  each of said hole-rows, and a moving mechanism for relatively
moving the processor in a direction intersecting with the side-by-side
arranging  direction with respect to the object. Owing to this arrangement,
each hole-row can be made short. On  the other hand, even if the object has
a large area, the surface can be  processed efficiently and the processing
intervals can be made constant. In the above-mentioned arrangement, the
hole-row may be  composed of a single slit (elongate gap) or may be
composed of a plurality  of small holes or short slits arranged in a row.
[0007]  The relatively moving direction may be along the extending
direction of each hole-row. In that case, the extending direction of each
hole-row (i.e., the relatively moving direction) and the side-by-side
arranging direction are desirably orthogonal to each other but they may be
slantwise intersected with each other. The pitch is desirably set to be
generally equal to an effective processing width when a distance between
the hole-rows and the object, i.e., working distance is set to a
neighborhood of the upper limit of an effective range (allowable range).
Owing to this arrangement, the regions processed by the plasmas coming
from the respective hole-rows can be made continuous in the side-by-side
arranging direction. The effective range of the distance between the hole-
rows and the object refers to a range where a processing rate at a certain
point on the object can be held in an effective definite valve or more (see
FIG. 4). Similarly, the effective processing width refers to an effective
range of width dimension within the whole range where the surface  



processing is conducted by plasma jetted through a single hole-row, and
the processing effective range refers to a range where a processing rate 5
corresponding to the single hole-row becomes a predetermined ratio (for
example, 15% to 25%) or more of the maximum value. [0008] Each of the
hole-rows may be slantwise extended with respect to  the relatively moving
direction. Owing to this arrangement, uniformity of  the surface processing
can be enhanced. In this slantwise extending construction, it is also
accepted that each  of the hole-rows is slantwise extended with respect to
the relatively  moving direction and the hole-rows are arranged each other
in side-by- side relation in a direction orthogonal to the relatively
moving direction.  In the alternative, it is also accepted that each of the
hole-rows is slantwise  extended with respect to the relatively moving
direction and the hole-rows  are arranged each other in side-by-side
relation in a direction orthogonal to  this extending direction. In this
slantwise extending construction, the  pitch may also be set to be
approximately equal to the effective processing  width when the distance
between the hole-rows and the object is in the  neighborhood of the upper
limit of the effective range. [0009] In the above-mentioned slantwise
extending construction, it is  desirous that one end part in the extending
direction of one of two hole- rows disposed adjacent or every predetermined
hole-row(s) of all the hole- rows is located on a same linear line along
the relatively moving direction  as the other end part in the extending
direction of the other of the two  hole-rows. Owing to this arrangement,
uniformity of the surface  processing can be further enhanced. [0010]  



The apparatus may further comprise a swing mechanism for  relatively
swinging the processor in a direction intersecting with the  relatively
moving direction with respect to the object. Owing to this 6  arrangement,
the surface processing can be more uniformized. It is  desirous that the
swinging direction is along the side-by-side arranging  direction or along
the direction orthogonal to the extending direction.  [0011] The processor
may include a plurality of stages of the hole-row  groups in the extending
direction. Owing to this arrangement, the surface  processing can be
conducted sufficiently. The hole-rows of adjacent hole-row groups are
desirably deviated in  the side-by-side arranging direction. Owing to this
arrangement, the  surface processing can be uniformized. Especially, in
case the extending  direction of the hole-row and the relatively moving
direction are in  parallel. relation, striped non-uniformity can
effectively be prevented from  occurring. [0012] The amount of deviation is
desirously I/n (n is the number of the  stages of the hole-row group) of
the pitch. Owing to this arrangement,  uniformity of the surface processing
can be further enhanced. [0013] In the above-mentioned multi-stage
construction, it is accepted that  the apparatus further comprises a first
swing mechanism which relatively  swings a hole-row group of one of two
adjacent stages of the plurality  stages in a direction intersecting with
the relatively moving direction with  respect to the object and a second
swing mechanism which relatively  swings a hole-row group of the other of
the two stages in the same  direction as the relatively swinging direction
of the first swing mechanism  



with the phase shifted from that of the first swing mechanism. Owing to
this arrangement, uniformity of the surface processing can further be
enhanced. [0014] 7  The surface processing apparatus is a device for
jetting a processing gas from the hole-row group so as to be applied to the
object and includes,  in addition to a plasma processing apparatus, a
thermal CVD apparatus. In case of the plasma processing apparatus, it is
desirous that the  processor includes a plurality of electrode members
arranged in a side-by- side relation at equal pitches, a slit-like gap as
one of the hole-rows is  formed between two adjacent electrode members of
said plurality of  electrode members, and the hole-row group (group of
slit-like hole-rows,  i.e., slit group) is constituted by the gap formed
between the adjacent  electrode members, a processing gas for plasma
processing the object  being passed through the gap. When the present
invention having such a  construction as just mentioned is applied to a
plasma processing apparatus,  the electrode member can be made small in
size and light in weight, and  the apparatus can be prevented from being
bent by increasing the  mechanical strength. Moreover, dimension accuracy
can easily be  obtained. In addition, the apparatus can cope with an object
having a large  area by increasing the number of the electrode members
arranged in side- by-side relation, and there is no need of increasing the
size of the  individual electrode members. The electrode members each have,
for  example, a plate-like configuration. The adjacent electrodes are given
with, for example, mutually  opposite polarities, and each gas serves as a
plasmatizing space, and a  processing gas passed through the plasmatizing
space is plasmatized and  jetted. In the plasma CVD, etc., it is also
accepted that a specific electrode  



member has a same polarity as that of an electrode member adjacent to  one
side of the specific electrode member and the specific electrode  member
has an opposite polarity to that of an electrode member adjacent  to the
other side, a reactive gas as the processing gas, which is excited by
plasma, is passed between the adjacent electrode members having the 8
opposite polarity, and a film material gas as the processing gas is passed
between the adjacent electrode members having the same polarity.  [0015] In
the above-mentioned plasma processing apparatus, it is also  accepted that
the processor includes a plurality of electrode modules  separatably
connected in the side-by-side arranging direction of said hole- rows, each
of the electrode modules includes a plurality of electrode  members
arranged in a side-by-side relation at equal pitches and  constitutes a
part of the hole-row group (slit group). Owing to this  arrangement, the
size of the entire hole-row group can be made to flexibly  cope with the
size of the object by adjusting the connecting number of the  electrode
modules. [0016] It is desirous that the adjacent two electrode modules each
have an  end electrode member arranged at mutually opposing ends, the end
electrode member of one of the two electrode modules is put together with
the end electrode member of the other of the two electrode modules so that
these end electrode members constitute a single combined electrode  member,
the combined electrode member being equal in thickness to the  other
respective electrode members of the adjacent two electrode modules.  Owing
to this arrangement, the pitch of the slit-like hole-rows can be made equal
to the rest pail even at the connecting part between the two  electrode
modules. 



[0017] It is desirous that the processor includes a flow rectification path
for  uniforinizing processing gas, and the hole-rows are continuous with
the  flow rectification path such that the hole-rows are branched. In the
plasma  processing apparatus, it is also desirous that the processor
includes a  plurality of module units separatably connected in the
side-by-side 9  arranging direction, each of the module units comprises the
electrode  module and a flow rectification module connected to the
electrode module,  the flow rectification module includes a flow
rectification path for  uniformizing processing gas, and hole-rows of the
electrode module are  connected to the flow rectification path such that
the hole-rows are  blanched in each of the module unit. Owing to this
arrangement, a  processing gas uniformized in a single flow rectification
path can be  passed through a plurality of hole-rows and processing
corresponding to  those hole-rows can be conducted more uniformly. [0018]
According to another feature of the present invention, there is  provided
an apparatus for plasma processing an object to be processed by  jetting a
processing gas through a plasmatizing space and applying the  processing
gas onto an object arranged outside the plasmatizing space,  wherein the
apparatus comprises a first electrode module and a second  electrode module
arranged each other in side-by-side relation in one  direction, the first
and second electrode modules each include a plurality  of electrode members
arranged in side-by-side relation in the same  direction as the
side-by-side arranging direction of the first and second  electrode
modules, and a support part for connecting and supporting the  electrode
members, a gap serving as the plasmatizing space is formed  between every
adjacent electrode members, a first end electrode member  



of all the electrode members of the first electrode module located at an
end  on the second electrode module side and a second end electrode member
of all the electrode members of the second electrode module located at an
end on the first electrode module side are combined to form a single
combined electrode member, and electrode members other than the first  end
electrode member of the first electrode module, the combined  electrode
member and electrode members other than the second end 10  electrode member
of the second electrode module are arranged at equal  pitches with respect
to one another. According to this characteristic  construction, the size of
the object can flexibly be met by adjusting the  number of the electrode
modules arranged in side-by-side relation.  Moreover, processing can be
conducted at the same pitches as in the  position corresponding to each
electrode module even in the position  corresponding to the connecting part
between the electrode modules, and  uniformity of the surface processing
can be obtained. This electrode  module construction can also be applied to
an apparatuses having no  moving mechanism, i.e., apparatus in which
processing is conducted with  respect to a processor including an electrode
module in a positionally  fixed manner. [0019]  The first end electrode
member and the second end electrode  member have the same polarity.
Moreover, it is desirous that the first end  electrode member and the
second electrode member, i.e. the combined  electrode member, are
electrically grounded. Owing to this arrangement,  an electric leakage can
be prevented. [0020] According to one preferred embodiment of the present
invention, in  the first electrode module, the first end electrode member
integrally  



includes a first enlarged-thickness part protruding toward the second
electrode module, and a first reduced-thickness part which is smaller in
thickness than the first enlarged-thickness part and withdrawn to the
opposite side of the second electrode module side, in the second electrode
module, the second end electrode member integrally includes a second
reduced-thickness part which is withdrawn to the opposite side of the first
electrode module side and a second enlarged-thickness part which is  bigger
in thickness than the second enlarged-thickness part and protruding 11
toward the first electrode module, and in the combined electrode member,
the first enlarged-thickness part and the second reduced-thickness part are
put together with each other and the first reduced-thickness part and the
second enlarged-thickness part are put together with each other. Owing to
this arrangement, the first and second end electrode members can firmly  be
connected, combined and easily be separated. [0021] In this preferred
embodiment, in case the temperature of the first  end electrode member is
to be adjusted, a temperature adjusting path for  allowing a fluid for
adjusting the temperature of the first end electrode  member to pass
therethrough is desirously formed within the first  enlarged-thickness
part. Owing to this arrangement, the temperature  adjusting path can easily
be formed. [0022]  According to another preferred embodiment of the present
invention,  the combined electrode member is divided into a plurality of
partial  electrode members along a width direction intersecting with the
side-by- side arranging direction, one of the adjacent partial electrode
members is  supported by the support part of the first electrode module
thereby  constituting the first end electrode member, and the other of the
adjacent  



partial electrode members is supported by the support part of the second
electrode module thereby constituting the second end electrode member.
Owing to this arrangement, the first and second end electrode members  can
firmly be connected and in addition, since there is no need of partially
reducing the first and second end electrode members, sufficient rigidity
can be obtained and bending can be restrained. Moreover, partial  electrode
members can easily be manufactured. [0023] 12  A temperature adjusting path
for allowing a fluid for adjusting the temperature to pass therethrough is
preferably formed within the partial  electrode member. Since the partial
electrode member is not required to  be made thin, the temperature
adjusting path can easily be formed.  [0024] It is desirous that the
respective electrode members of the first and  second electrode modules
each have a plate-like configuration intersecting  with the side-by-side
arranging direction, the plate-like respective electrode members other than
the first end electrode member of the first  electrode module, the
plate-like combined electrode member and the  plate-like respective
electrode members other than the second end  electrode member of the second
electrode module are equal in thickness.  Owing to this arrangement, the
pitches can easily and reliably be made  equal. [0025] A surface processing
method according to the present invention  comprises the step of blowing a
processing gas through each of a plurality  of hole-rows arranged in a
side-by-side relation in a direction at equal  pitches on a processor so as
to be sprayed onto an object to be processed  while relatively moving the
processor in a direction intersecting with the  



side-by-side arranging direction with respect to the object. Owing to this
arrangement, each hole-row can be made short. On the other hand,  surface
processing can efficiently be conducted with respect to an object  even if
the object has a large area. [0026] The processing gas jetting may be
conducted while relatively  moving the object along the extending direction
of each hole row or the  processing gas jetting may be conducted while
relatively slantwise moving  the object with respect to the extending
direction of each hole row. 13  It is desirous that the pitch is set to be
approximately equal to an effective processing width when a distance
between the hole-rows and the  object is in a neighborhood of the upper
limit of an effective range and the  processing is conducted under such a
condition that the distance is in a  neighborhood of the upper limit of the
effective range. [0027] It is desirous that the processor is constituted by
arranging a  plurality of stages of hole-row groups composed of hole-rows
having the  equal pitches in the extending direction and the adjacent two
stages of the  hole-row groups are deviated in the side-by-side arranging
direction, the  relative movement being conducted with respect to the
plurality of stages  of the hole-row groups altogether. Owing to this
arrangement, uniformity  of the surface processing can be enhanced. [0028]
The processing gas jetting may be conducted while further  relatively
swinging the processor in a direction intersecting with the  relatively
moving direction with respect to the object. Owing to this  arrangement,
uniformity of the surface processing can further be enhanced. [0029] 



It is also accepted that the processor is constituted by arranging a
plurality of stages of hole-row groups composed of hole-rows having the
equal pitches in the extending direction, in parallel with the relative
movement, the hole-rows of the adjacent stages being relatively swung in  a
way as to be deviated in phase in a direction intersecting with the
relatively moving direction with respect to the object. [0030] A swinging
width of the swinging motion is desirously small  enough when compared with
the relatively moving distance of the object.  It is also desirous that a
swinging width of the swinging motion is set to be 14  1/2 or slightly
larger than 1/2 of the pitch. Owing to this arrangement,  uniformity of the
surface processing can reliably be obtained. [0031] The cycle of the
swinging motion is desirously set to be 1/m times  (in: integer) of a
required time for the object to relatively move by a  distance
corresponding to the length of the hole-row. Owing to this  arrangement,
uniformity of the surface processing can more reliably be  obtained. [0032]
The present invention is applied to plasma processing under the
circumstance of, for example, generally normal pressure (pressure in the
neighborhood of atmospheric pressure). The generally normal pressure  used
in this invention refers to a pressure range of 1.0 13 x 104 to 50.663 X
104 Pa, preferably 1.333 x 104 to 10.664 x 104 Pa and more preferably
9.331 x 104 to 10.397 x 104 Pa when easiness of pressure adjustment and
simplification of the construction of the apparatus are taken into
consideration. [BEST MODE FOR CARRYING OUT THE INVENTION]  



[0033] Embodiments of the present invention will be described hereinafter
with reference to drawings. FIGS. 1 and 2 show a first embodiment according
to a basic  construction of the present invention. A normal pressure plasma
processing apparatus M as a surface processing apparatus comprises a
plasma processing head 1 (processor), a processing gas supply source 2, a
power source 3 and a moving mechanism 4. This plasma processing  apparatus
M 1 is adapted to plasma process the surface of a workpiece W,  as an
object to be processed, having a large area such as a liquid crystal 15
glass substrate and a semiconductor wafer under an approximately normal
pressure (under a neighborhood of the atmospheric pressure). [0034] The
processing gas supply source 2 reserves therein a single or a  plurality of
processing gas components in gas or liquid phases. The gas  component in a
liquid phase is evaporated and in case of a plurality of  components,
suitable quantities of those gas components are admixed to  produce a
processing gas in accordance with a processing purpose.  [0035] The power
source 3 is provided as an electric field applying means  which outputs,
for example, a pulse voltage as a voltage for forming  plasma in the
processing head 1. It is desirous that the pulse rising time  and/or
falling time is 10 s or less, the pulse continuing time is 200 As or  less,
the electric field intensity in the slit 10 between adjacent electrodes as
later described is I to 1000 kV/cm and the wave frequency is 0.5 kHz or
more. The power source 3 is not limited to one for outputting a pulse
voltage but it may be one for outputting a sinusoidal high frequency AC  



voltage or for outputting a DC voltage. [0036] The moving mechanism 4 is
connected with a horizontal workpiece  set table 5 (only shown in FIG. 2).
A workpiece W is set on this  workpiece set table 5 in its horizontal
attitude. The moving mechanism 4  transfers the workpiece table 5 and thus,
the workpiece W in the back and  forth directions (directions as indicated
by a two-headed arrow of FIG. 1).  By doing so, the workpiece W is passed
under the processing head 1 and  subjected to plasma surface processing.
The workpiece W may be  processed while it is reciprocally moved, or while
it is moved in a forward  direction or backward direction (only a single
movement) and then 1.6  removed from the workpiece table 5. It is, of
course, accepted that the  workpiece W is positionally fixed and the moving
mechanism 4 is  connected to the processing head 1 to move it. The moving
mechanism 4  may be a roller conveyor or the like. In case of a roller
conveyor, the  workpiece W can be directly set onto the roller conveyor and
therefore,  the workpiece set table 5 can be eliminated. [0037] As shown in
FIG. 2, a workpiece temperature adjusting device 5H  (object temperature
adjusting means) such as a heater is attached to the  workpiece set table 5
of the apparatus M. By this workpiece temperature  adjusting device 5H, the
workpiece W is heated or cooled to a suitable  temperature for processing.
The workpiece temperature adjusting device  5H may be arranged outside the
workpiece set table 5. [0038] The plasma head I of the plasma processing
apparatus M will be  described. As shown in FIG. 2, the processing head 1
is supported on a support  



base, not shown, such that the processing head 1 is located in a higher
position than the workpiece set table 5 and thus, the workpiece W set onto
the table 5. The processing head 1 is constituted of a single module unit
IX. The module unit I X includes an electrode module 10 and a flow
rectification module 20 installed on an upper side of this electrode module
10. The electrode module 10 constitutes a plasma discharger and the flow
rectification module 20 constitutes a flow rectifier. [0039] A receiving
port 21 and a flow rectification path are formed on the  flow rectification
module 20. A tube 2a leading from the processing gas  supply source 2 is
connected to the receiving port 21. The flow  rectification path is
constituted of a flow rectification chamber 20a, a slit 17  like (or
spot-like) flow rectification hole 23a, etc. The gas flow  rectification
module 20 is provided at a lower end part thereof with a flow
rectification plate 23 as a flow rectification hole forming member. A
plurality of flow rectification holes 23a are formed in the flow
rectification  plate 23 at equal pitches on the left and right sides. Each
flow rectification  hole 23a is in the form of a slit extending in the back
and forth directions  (directions orthogonal to the paper surface of FIG.
2). Instead of a slit  form, the rectification holes 23a may be a plurality
of spot-like holes  which are arranged on the front and back sides in a
dispersing manner.  Those flow rectification holes 23a are connected in
one-to-one  correspondence with slits 10a formed between electrode plates
as later  described. That is, a plurality of slits 10a are connected to a
single flow  rectification path such that the slits I0a are branched
therefrom. It is also  accepted that a plurality of flow rectification
plates 23 are arranged in  upper and lower relation, so that a flow
rectification chamber can be  partitioned into a plurality of portions. The
processing gas coming from  



the supply source 2 is received in the receiving port 21 of the gas flow
rectification module 20 via the tube 2a, then rectified/uniformized by a
flow rectification path which is constituted of the chamber 20a, the flow
rectification holes 23a, etc., and thereafter, introduced into the
electrode  module 10. [0040] As shown in FIG, 1 and 2, the electrode module
10 of the  processing head I includes an insulating casing 19, and an
electrode-array  (electrode-row) received in this casing 19. The casing 19
is open at its  upper and lower sides and has a rectangular configuration,
in a plan view,  extending in left and right directions orthogonal to the
moving direction of  the workpiece W. The length of the casing 19 in the
left and right 18  directions is larger than the width dimension of the
workpiece W in the  left and right directions. [0041] The electrode-array
received in the casing 19 is constituted of a  plurality (12 pieces in the
drawings) of first and second electrode plates 11,  12 (plate-like
electrode members). Those electrode plates 11, 12 are each  formed of a
square flat plate made of a conductive metal having the same  configuration
and dimension. Each electrode plates 11, 12 is arranged  vertically and
along the back and forth directions. Those electrode plates  11, 12 are
arranged in side-by-side relation at equal pitches each other. The front
and rear end parts of the respective electrode plates 11, 12 are  fixedly
supported on the front and rear long walls of the casing 19.  [0042]
Polarities of the electrode plates are different from each other along  the
side-by-side arranging direction. That is, as shown in FIG. 1, a power
supply line 3a leading from the power source 3 is branched into a plurality



of lines which are connected to every other electrode plates 11 of the
processing head 1, respectively. Those electrode plates 11 are functioned
as electric field supplying electrodes (hot electrodes), respectively. The
remaining every other electrode plates 12 of the processing head I are
grounded through an earth line 3b and functioned as ground electrodes
(earth electrodes), respectively. A pulse electric field is foamed between
adjacent electrode plates 11, 12 by the pulse voltage coming from the
power source 3. Though not shown, a solid dielectric layer such as alumina
is coated  on the surfaces of the respective electrode plates 11, 12 by
thermal spray.  [0043] A slit-like gap 10a is formed between adjacent
electrode plates 11,  12. This gap or slit l0a is vertical and extending in
the back and forth 19  directions (moving directions of the workpiece W). A
single slit 10a  constitutes a "hole-row extending in one direction". The
slits 10a formed  between every adjacent electrodes are same in width in
the left and right  directions. The upper end parts of the respective
electrode slits l0a are  connected to the corresponding slit-like flow
rectification holes 23a of the  flow rectification module 20, respectively.
The flow rectification holes  23a serve as introduction paths for
introducing the processing gas into the  electrode-to-electrode slits 10a,
respectively. Each electrode-to-electrode  slit 10a serves as a path for
allowing the processing gas to pass  therethrough and also functions as a
discharge space where a glow  discharge is generated by application of
electric field when power is  supplied to the electrode plate 11 from the
power source 3. Owing to this  arrangement, a plasmatizing space is
provided where the processing gas is  plasmatized. [0044] 



The lower end parts of the respective electrode slits 10a are open so  as
to serve as a processing gas jet port extending in the back and forth
directions. It is also accepted that the casing 19 is separately provided
at a  lower end part thereof with a bottom plate serving as a jet port
forming  member, the bottom plate is abutted with the lower end faces of
the  electrode plates 11, 12, and slit-like jet ports straightly connected
to the  electrode-to-electrode slits 10a are formed in the bottom plate. In
that  case, the "single hole-row" is constituted by the
electrode-to-electrode  slits 10a and the slit-like jet ports connected to
the slits IOa. The bottom  plate is preferably composed of an insulating
material such as ceramic.  [0045] In the processing head 1, a slit group
100, i.e., the "hole-row group"  consisting of slit-like hole rows" is
constituted by the slits I0a arranged in 20  side-by-side relation. The
slit group 100 is extended longer than the left  and right width of the
workpiece W. [0046] The distance between the lower end part (jet port) of
the slit l0a of  the processing head I and the workpiece W, i.e., working
distance WD  (FIG. 2) is set to a value WDo in the neighborhood of the
upper limit  within the effective range. (The value WDo is, hereinafter,
referred to as  the set working distance WDo .) As shown in FIG. 4, the
effective range  of the working distance WD refers to a range where a
processing rate  measured at a certain point on the workpiece W is held in
an effective  definite value or more. When the working distance exceeds
this effective  range, the processing rate at the measuring point is
abruptly lowered. That  is, the above-mentioned set working distance WDo is
a working distance  immediately before this abrupt lowering occurs. For
example, WDo = 6  



mm, here. [0047] As shown in FIG. 3, the pitch between the electrode plates
11, 12 is  set to be approximately equal to an effective processing width
conducted  by the plasmatized processing gas (hereinafter refers to as the
"plasma  gas", where appropriate) jetted through each slit 10a in the set
working  distance WDo. The effective processing width refers to a width
dimension  of a range So where a surface processing conducted by the plasma
gas  jetted through a single slit 10a is effective within the whole range S
where  the surface processing is able to be carried out. If the processing
rate  conducted by the plasma gas jetted through the single slit IOa is
represented by R and its maximum value is represented by R,,,,,,, the
effective processing range So refers to a range where the processing rate R
becomes a predetermined ratio a or more with respect to the maximum  value
Rn,ax. That is, it refers to a range where R> a x R,,,ar is satisfied. 21
For example, a = 15% to 25%. The point where R becomes Rmax is  normally
immediately under the center of the slit 10a. The processing  range S and
the effective processing range So spread leftward and  rightward with
respect to the point where R becomes R,,,ax. [0048] The width of the
processing range S and thus, the effective  processing range SO depends on
the working distance. When the working  distance is in the effective range,
i.e., in the range where WD < WDo is  satisfied, the more increased the
working distance is, the more increased  the width of the effective
processing range So, i.e., the effective processing  width is. Accordingly,
in the apparatus M of this embodiment, the  effective processing width is
increased as much as possible by setting the  working distance S to the
value WDo in the neighborhood of the upper  



limit, and the electrode pitch is increased as much as possible by matching
the electrode pitch P to this effective processing width. [0049] Operation
of the normal pressure plasma processing apparatus M  thus constructed will
be described. The processing gas coming from the processing gas supply
source 2  is rectified in the gas flow rectification module 20 of the
processing head 1  and then uniformly introduced into the
electrode-to-electrode slit 10a. In  parallel with this, a pulse voltage
coming from the power source 3 is  applied to the alternate electrode
plates I 1 of the electrode module 10. By  doing so, a pulse electric field
is formed in each electrode-to-electrode slit  10a to generate a glow
discharge and the processing gas is plasmatized  (excited/activated). The
plasmatized processing gas is uniformly jetted  downward. Simultaneously,
the workpiece W is passed under the  processing head 1 in the back and
forth directions, i.e., the directions  parallel with the slit IOa by the
moving mechanism 4. A processing gas is 22  sprayed onto this workpiece W
through each slit 10a. By doing so, the  surface processing such as, film
deposition, etching, cleaning and the like  can be conducted. [0050] A
processing gas uniformized in a single flow rectification path can  be
introduced into the slits 10a, the processing gas flows within those slits
l0a can be uniformized and thus, processing corresponding to those slits
10a can be conducted uniformly. As shown in FIG. 3, owing to the
above-mentioned relation  between the pitch P of the slit l0a and the
effective processing width, the  range where the surface processing is
effectively conducted by plasma gas  coming from a single slit 10a and be
made continuous with the range  



where the surface processing is effectively conducted by plasma gas
corning from its next slit 10a. At positions immediately under the
respective electrodes plates 11, 12, the processing rates conducted by the
plasma gas jetted through the slits IOa, IOa on the both side are
overlapped with each other as indicated by broken lines of FIG. 3.
Accordingly, as indicated by solid lines of FIG. 3, the actual processing
rate can be multiplied. Owing to this arrangement, the workpiece W can  be
processed uniformly in the left and right directions. Moreover, since  the
slit group 100 extends longer than the left and right width of the
workpiece W, the entire left and right width of the workpiece W can be
processed at a time. Then, by moving the workpiece W forwardly and
backwardly by the moving mechanism 4, the entire surface of the  workpiece
W can be processed effectively. [0051] A workpiece having a large area
(laterally wide width) can be met  by increasing the number of the
electrode plates 11, 12 and thus, by  increasing the number of the
electrode-to-electrode slits 10a arranged in 23  side-by-side relation. The
dimension of the respective electrode plates 11,  12 can be made small
irrespective of the size of the workpiece W.  Accordingly, dimensional
accuracy can easily be obtained and in addition,  the weight can be
reduced. Thus, the bending amount of the electrode  plates 11, 12 caused by
bent by its own gravity, Coulomb force, thermal  stress, etc. can be
reduced. Since oppositely directing Coulomb forces act  on each electrode
plates 11, 12 (except the electrode plates located on the  both left and
right end sides) from the both sides and the Coulomb forces  are offset as
a whole, bending can more reliably be prevented. [0052] Moreover, since the
working distance is set to be as larger as  



possible and the effective processing width and thus, the pitch P are set
to  be large, the electrode plates 11, 12 can be sufficiently increased in
thickness. By virtue of this feature, the electrode plates 11, 12 can be
increased in strength, and bending can more reliably be prevented. [0053]
Other embodiments of the present invention will now be described.  In the
embodiments to follow, the identical components as in the above- mentioned
embodiment are denoted by identical reference numerals and  description
thereof is simplified. [0054] FIGS. 5 through 13 show the second embodiment
of a specific  construction of the present invention. The second embodiment
will briefly  be described with reference to FIG. 5 first. The processing
head 1 of a normal pressure plasma processing  apparatus according to the
second embodiment comprises a large number  (a plurality) of module units 1
X. Those module units 1X form two stages,  one on the front side (upper
side in FIG. 5) and the other on the rear side  (lower side in FIG. 5). A
plurality of module units I X are arranged 24  leftward and rightward on
each stage. The module units 1X, which are  abutted with those located on
the front and rear sides and left and right  sides, are separatably
connected one another. Each module unit 1X  comprises, as in the first
embodiment, an electrode module 10 and a flow  rectification module (see
FIG. 7) installed on its upper side. Accordingly,  in the processing head
1, a plurality of electrode modules I form two  stages, one on the front
side and the other on the rear side and arranged  leftward and rightward.
The electrode modules 10, which are abutted with  those located on the
front and rear sides and the left and right sides, are  separatably
connected with one another. If one of adjacent two electrode  



modules 10, 10 is referred to as the "first electrode module", the other is
referred to as the "second electrode module". Likewise, in the processing
head 1, a plurality of flow rectification modules 20 form two stages, one
on the front side and the other on the rear side and arranged leftward and
rightward. A "flow rectifior" is constituted by the flow rectification
modules 20 (see FIG. 7) of all module units IX which constitute the
processing head 1, and a "plasma discharger" is constituted by all
electrode modules 10. [0055] As shown in FIG. 5, each electrode module 10
is constituted by a  predetermined number of electrode plates 11, 12 which
are arranged  leftward and rightward at constant pitches. (It should be
noted that in FIG.  5, the number of electrode plates of each electrode
module 10 is reduced  when compared with those of the specific construction
shown in FIGS. 6  through I 1 just for the sake of simplification.) The
electrode array on the  front stage and thus, the slit group 100 on the
front stage are constituted by  the electrode plates 11, 12 of all
electrode modules 10 on the front side  stage. The electrode array on the
rear stage and thus, the slit group 100 on  the rear stage are constituted
by the electrode plates 11, 12 of all electrode 25  modules 10 on the rear
side stage. That is, in the processing head 1, the  slit groups 100 form
two stages, one on the front side and the other on the  rear side. [0056]
The electrode plates 12, 12 (as later described, those electrode  plates
are denoted by reference characters 12R, 12L, respectively) located  at the
opposing ends in two electrode modules 10 which are adjacent to  each other
in the leftward and rightward directions on each of the front  and rear
stages are put together with each other to constitute a single  



combined electrode plate 12X (combined electrode member). The  combined
electrode plate 12X is same in thickness as all the other  electrode plates
11, 12. Owing to this arrangement, all the slit pitches of  the slit groups
100 on the front and rear sides become equal each other  even at the
connecting part between the two electrode modules and the  equal pitches P
are provided all over the entire slit groups 100. [0057] A detailed
construction of the second embodiment will now be  described with reference
to FIGS. 6 through 13. As shown in FIG. 7, the flow rectification module 20
of each  module unit IX includes a housing 29 extending, in a long manner,
in the  forward and backward directions (leftward and rightward directions
in  FIG. 7), two (a plurality of) flow rectification plates 23U, 23L
provided  within the housing 29. A pair of front and rear receiving ports
21 are  disposed at the upper surface of the housing 29. A supply tube 2a
leading  from a processing gas supply source 2 is branched for each unit 20
and  connected to the receiving ports 21, respectively. [0058] As shown in
FIGS. 7 and 8, the two flow rectification plates 23U,  23L within the
housing 29 are vertically spacedly arranged. The inside of 26  the housing
29 is partitioned into three-stage (multi-stage) chambers 20a,  20b, 20c by
the flow rectification plates 23U, 23L. The receiving port 21  is connected
to the chamber 20a on the upper stage. [0059] As shown in FIG. 13, the flow
rectification plates 23U, 23L are  each constituted of a porous plate. The
upper, middle and lower chambers  20a, 20b, 20c are communicated with each
other through holes 23c, 23d  formed in those flow rectification plates
23U, 23L. The holes 23c, 23d of  



the respective flow rectification plates 23U, 23L are arranged in a row at
the lattice points and at intervals of 10 mm to 12 mm, for example. It
should be noted, however, that no hole is formed in a position  immediately
under the flow rectification plate 23U on the upper stage.  Those holes
23c, 23d are sequentially reduced in size toward the flow  rectification
plate on the lower stage. For example, the diameter of each  hole 23c of
the flow rectification plate 23U on the upper stage is 3 null,  the
diameter of each hole 23d of the flow rectification plate 23L on the  lower
stage is 2 mm. A "flow rectification path" is constituted by the chambers
20a, 20b,  20c and holes 23c, 23d of each flow rectification module 20.
[0060] As shown in FIG. 8, the housing 29 is provided at the upper surface
of a bottom plate 24 thereof with four (a plurality of) support posts 26.
The support posts 26 are extended forwardly and backwardly (direction
orthogonal to the paper surface of FIG. 8) in a long manner and mutually
separately arranged leftward and rightward. The flow rectification plate
23L on the lower stage is supported by those support posts 26. The  chamber
20c on the lower stage is formed between the adjacent support  posts 26.
That is, the lower-stage chamber is divided into five by the  support posts
(partition walls) 26. Each division chamber 20c extends 27  forwardly and
backwardly in a long manner. This chamber 20c is  connected to the upper
end part of the electrode-to-electrode slit 10a of the  electrode module 10
through a gas introduction hole 24a formed in the  bottom plate 24. A
single chamber 20c is in correspondence with the  adjacent two slits 10a.
That is, a plurality of slits I Oa are connected to the  flow rectification
path of each flow rectification module 20 in a branching  manner. 



[0061] The processing gas coming from the processing gas supply source 2
is passed through the supply tube 2a and the pair of front and rear
receiving ports 21 of the flow rectification module 20, and thereafter
introduced into the upper-stage chamber 20. The processing gas is then
flowed into the middle-stage chamber 20b through the large number of  holes
23c of the flow rectification plate 23U. Since no hole 23c is formed
immediately under each receiving port 21, the processing gas can fully be
dispersed over the entire area within the upper-stage chamber 20a and then
delivered into the middle-stage chamber 20b. Thereafter, the processing
gas is flowed into the respective division chambers 20c on the lower stage
through the large number of holes 23d of the flow rectification plate 23L.
The processing gas is then introduced into the slits 10a between every
adjacent electrodes of the electrode module 10 via the introduction holes
24a of the housing bottom plate 24. [0062] As shown in FIG. 6, each
electrode module 10 of the second  embodiment includes a plurality (for
example, eleven) of electrode plates  11, 12 (plate-like electrode members)
arranged leftward and rightward at  constant pitches, and end walls 15
(support parts) which are disposed on  the front and rear ends of the
electrode plates 11, 12. The electrode  module 10 extends forwardly and
backwardly in a long manner. 28  [0063] As shown in FIGS. 6 and 7, the
walls 15 on the front and rear ends  each include an inner wall member 16
and an outer wall member 17 bolted  to the outer surface of the inner wall
member 16. A large recess 16f (FIG.  12) for reserving a refrigerant, as
later described, is formed in the outer  surface of the inner wall member
16. The outer wall member 17 is  



functioned as a lid for closing this recess 16f The outer wall member 17
is formed of metal such as stainless steel, and the inner wall member 17 is
formed of resin. The reason is that an electric discharge can be prevented
from occurring to the metal-made outer wall member 17 from a metal bolt  51
as later described. Resin-made filling blocks 14 for the number
corresponding to the number of the electrode plates of other than the outer
wall as later described are disposed at the inner surface of the inner wall
member 16. The filling blocks 14 each have a vertically elongate
configuration and mutually spacelessly arranged forwardly and  backwardly.
[0064] As shown in FIGS. 6 through 8, the respective electrode plates 11,
12 of the electrode module 10 are composed of conductive metal such as,
for example, aluminum and stainless steel, and arranged in the posture
with their long direction directing forwardly and backwardly, their
thickness direction directing leftwardly and rightwardly and their width
direction directing vertically. As shown in FIGS. 16 and 18, the first
electrode plates 11 constituting hot electrodes and the second electrode
plates 12 constituting earth electrodes are alternately arranged leftwardly
and rightwardly. The second electrode plates 12, that are earth electrodes,
respectively, are arranged on the left and right ends. By the left and
right  side electrode plates 12, the left and right outer walls of the
electrode  module 10 are constituted. When the left-end electrode plate 12
is to be 29  distinguished from others, they are denoted by reference
numeral 12 with  "L" affixed thereto and when the right-end electrode plate
12 is to be  distinguished from others, they are denoted by reference
number 12 with  "R" affixed thereto. When the second electrode plates 12
other than those  on the left and right sides and on the front and rear
sides are to be  



distinguished from others, they are denoted by reference numeral 12 with
"M" affixed thereto. [0065] Of the leftwardly and rightwardly adjacent two
electrode modules  10, 10, if the left one is referred to as the "first
electrode module" and the  right one, as the "second electrode module", the
right-end electrode plate  12R in the left-side electrode module 10 is the
"first end electrode member" and the left-end electrode plate 12L in the
right-side electrode  module 10 is the "second end electrode member". On
the contrary, if the  right-side electrode module 10 is referred to as the
"first electrode module" and the left-side electrode module, as the "second
electrode  module", the left-end electrode plate 12L in the right-side
electrode  module 10 is the "first end electrode member" and the right-end
electrode  plate 12R in the left-side electrode module 10 is the "second
end electrode  member". [0066] The nine electrode plates 11, 12M other than
those on the both ends  in the electrode module 10 have flat plate-like
configurations of an equal  thickness. The length of those electrode plates
11, 12M in the forward and  backward directions is, for example, 3000 mm,
their thickness in the  leftward and rightward directions is, for example,
9 mm, and their width in  the upward and downward directions is, for
example, 60 min. As shown  in FIG. 6, the filling blocks 14 are abutted
with the front and rear end 30  faces of the respective electrode plates
11, 12M and fixed thereto by metal  bolts 51. [0067] The electrode plates
12L, 12R on the both ends, which also serve as  the outer walls of the
electrode module 10, are extended longer than the  



inner electrode plates 11, 12M in the forward and backward directions,
abutted with the filling blocks 14 on the left and right ends and the left
and  right end faces of the inner wall member 16, and abutted against the
outer  wall member 17 and bolted thereto. [0068] As shown in FIGS. 6
through 9, solid dielectric plates 13 composed  of alumina (A1303) or the
like are applied to the both side surfaces of the  electrode plates If,
12M, respectively. Similar solid dielectric plates 1.3  are also applied to
the flat right side surface of the left-end electrode plate  12L and the
flat left-side surface of the right-end electrode plate 12R,  respectively.
Those solid dielectric plates 13 are, for example, I mm in  thickness.
Instead of application of the solid dielectric plates 13, film may  be
coated thereto by thermal spray of solid dielectric, or the like. [0069] As
shown in FIGS. 6, 8 and 9, a slit having a narrow and a  predetermined
thickness, i.e., electrode-to-electrode slit 10a is formed  between the
adjacent electrodes 11, 12 (more strictly, between their solid  dielectric
plates 13). As in the case with the first embodiment, the
electrode-to-electrode slit 10a serves as a path for allowing the
processing  gas to pass therethrough and also as a discharging space where
a glow  discharge generates due to application of electric field which is
caused by  power supplied to the electrode plate 11 from the power source
3, thereby  also serving as a plasmatizing space where the processing gas
is  plasmatized. The entirety of a single electrode module 10 has ten 31
electrode-to-electrode slits 10a. The pitches P between those electrode-to-
electrode slits I Oa are equal to those between the electrode plates 11,
12.  [0070] As shown in FIGS. 6, 9 and 10, spacers 18 are each interposed  



between the front-side end parts and between the rear-side end parts of
two solid dielectric plates 13 which are placed opposite to each other with
each electrode-to-electrode slit 10a therebetween. Owing to this
arrangement, the respective solid dielectric plates 13 are urged against
the  electrode plates 11, 12, respectively and the width in the left and
right  directions of the electrode-to-electrode slit 10a is kept in a
predetermined  value. The electrode-to-electrode slits 10a are, for
example, 1 mm in  thickness. As mentioned above, the upper end part of each
electrode-to- electrode slit I Oa is connected to the introduction hole 24a
of the flow  rectification module 20 (FIG. 8). [0071] As shown in FIG. 8
and 11(a), the upper and lower parts of the left- side electrode plate 12L
of each electrode module 10 are thinner in width  than all the other
electrode plates 11, 12M, thereby forming a pair of upper  and lower
reduced-thickness parts 12g, 12g. The central part in the up and  down
directions of the left-side electrode plate 12L has a protruding
configuration which is protruded toward the adjacent electrode module 10
and forms an enlarged-thickness part 12f thicker than the reduced-
thickness part 12g. As shown in FIG. 2, the reduced-thickness part 12g  and
enlarged thickness part 12f are extended back and forth over the entire
length of the left-end electrode plate 12L. The enlarged-thickness part 12f
is, for example, 7 mm in thickness and the reduced-thickness part 12g is,
for example, 2 min in thickness. [0072] 32  On the other hand, as shown in
FIGS. 8 and 11(a), the central part in the up and down directions of the
right-end electrode plate 12R of each  electrode module 10 is provided with
a recess formed in an outer surface  



thereof Owing to this construction, the central part in the up and down
direction of the right-end electrode plate 12R constitutes a reduced-
thickness part 12h, and the upper and lower parts each constitute an
enlarged-thickness part 12k which is thicker than the reduced-thickness
part 12h. As shown in FIG. 2, the reduced-thickness part 12h and
enlarged-thickness part 12k are extended back and forth over the entire
length of the right-end electrode plate 12R. The reduced-thickness part
12h of the right-end electrode plate 12R is, for example, 2 mm in
thickness and the enlarged-thickness part 12k is, for example, 7 rum in
thickness. [0073] If the left one of the adjacent two electrode modules 10,
10 is  referred to as the "first electrode module" and the right one, as
the "second  electrode module", the enlarged thickness part 12k and
reduced-thickness  part 12h of the right-end electrode plate 12R in the
left-side electrode  module 10 serve as the "first enlarged-thickness part"
and "first reduced- thickness part", respectively, and the
reduced-thickness part 12g and  enlarged-thickness part 12f of the left-end
electrode plate 12L in the right- side electrode module 10 serve as the
"second reduced-thickness part" and  "second enlarged-thickness part",
respectively. (Of course, if the right- side electrode module is referred
to as the "first electrode module" and the  left-side electrode module, as
the "second electrode module, respectively,  the enlarged-thickness part
12f and reduced-thickness part 12g of the left- side electrode plate 12L in
the right-side electrode module 10 serve as the  "first enlarged-thickness
part" and "first reduced-thickness part",  respectively, and the
reduced-thickness part 12h and enlarged-thickness 33  part 12k of the
right-end electrode plate 12R in the left-side electrode  module 10 serve
as the "second reduced-thickness part" and "second  



enlarged-thickness part", respectively.) [0074] As shown in FIGS. 11(b) and
12, in each front and rear stage of the  plasma processing head 1, the
enlarged-thickness part 12f having a  protruded configuration of the
right-side module 10 of the adjacent left  and right two electrode modules
10, 10 is fitted to the reduced-thickness  part 12h having a recessed
configuration of the left-side module 10. Also,  the enlarged-thickness
part 12k having a protruded configuration of the  left-side module 10 is
fitted to the reduced-thickness part 12g having a  recessed configuration
of the right-side module 10. In this way, the right- end electrode plate
12R of the left-side module 10 is put together with the  left-end electrode
plate 12L of the right-side module 10. By those  electrode plates 12R, 12L,
a perfectly flat combined electrode plates 12X  is constituted. This
combined electrode plate 12X forms an earth  electrode. [0075] The
thickness of the combined electrode plate 12X is same (9 mm)  as those of
the other electrode plates 11, 12M. Owing to this arrangement,  as shown in
FIG. 11(b), the electrode plate pitch is equal in size (for  example, P =
12 mm) even at the connection part between the left and  right adjacent two
electrode modules 10 as at the rest part. That is, the  electrode plates
11, 12M of the left-side module 10, the combined  electrode plate 12X, and
the electrode plates 11, 12M of the right-side  module 10 are at the same
pitch. Owing to this arrangement, the pitch of  the slits 10a is
uniformized to a specific size P over the entire slit group  100. [0076] 34
As shown in FIG. 8, the electrode module 10 is provided at a lower 



end part thereof with a bottom plate 10L. The bottom plate 1OL is  composed
of an insulating material such as ceramic and applied to the  lower
surfaces of the electrode plate 11, 12L. A plurality of jet slits 10b  are
formed in the bottom plate 10L. Those jet slits 10b are extended back  and
forth and arranged leftward and rightward at equal pitches P in  parallel.
As in the case with the above-mentioned electrode-to-electrode  slits 10a,
the pitch of the jet slits 10b is same even at the connection part  between
the two electrode modules 10 adjacent in the left and right  directions as
at the rest part. [0077] A step is formed on a lower side part of each jet
slit 10b and each  jet slit 10b is increased in width upward therefrom. The
lower end parts of  the two solid dielectric plates 13, 13 which are
opposite to each other with  the electrode-to-electrode slit IOa sandwiched
therebetween are inserted in  this wide part of the jet slit 10b. The
electrode-to-electrode slit IOa between the two solid dielectric plates 13,
13 is connected to a lower side  part from the step of the jet slit 10b.
The lower end part of the jet slit 10b  is open to a lower surface of the
bottom plate lOL and serves as a jet port  for the processing gas. A "
hole-row" is constituted by a single electrode- to-electrode slit l0a and
the lower end part of the jet slit 10b connected  thereto. [0078] As shown
in FIGS. 5 and 9, the front-stage module unit 1 X and  rear-stage module
unit IX of the second embodiment are deviated  leftward and rightward by a
portion equal to a half of the pitch P. Thus,  the front-stage electrode
module 10 and rear-stage electrode module 10 are deviated leftward and
rightward by a portion equal to a half pitch (P/2).  Owing to this
arrangement, the front-stage slit group 100 and rear-stage 35  



slit group 100 are deviated leftward and rightward by a portion equal to a
half pitch (P/2). [0079] Owing to this half-pitch deviation, as indicated
by the two-dot chain  line of FIG. 14, the valley parts caused by the
processing gas coming  through the front-stage slit group 10 can be
overlapped with the hump  parts caused by the processing gas coming through
the rear-stage slit  group 100 and the front-side hump parts can be
overlapped with the rear- side valley parts as indicated by the broken line
of FIG. 14. As a result, as  indicated by the solid line of FIG. 14, the
processing rate can be  uniformized in the left and right directions and
the processing  irregularities can be restrained. Moreover, since the slit
group 100 is at the specific rate P even at  the connection part between
the left and right electrode modules 10, 10,  uniformity of the processing
can be more enhanced. [0080] The power supply structure of the electrode
plates 11, 11 in the  module unit IX of the second embodiment will be
described. As shown in FIGS. 7 and 8, five (a plurality of) power supply
pins  31 are arranged leftward and rightward, in side-by-side relation, at
a front  part of the flow rectification module 20 such that the pins 31 are
vertically  passed through the front part. The upper end part of each power
supply  pin 31 is connected to the power source 3 through a hot line (power
supply  line) 3a and the lower end part is embedded in the first electrode
plate I 1  on the electric field supply side. Similarly, the flow
rectification module  20 is provided at a rear part thereof with a ground
pin 32. The upper part  of the ground pin 32 is grounded through an earth
line (ground line) 3b  and the lower part is embedded in the second
electrode plate 12 on the  ground side. 



36  [0081] The electrode module 10 of the second embodiment is provided
with a cooler (temperature adjuster) for the electrode plates 11, 12.
Specifically, as shown in FIGS. 7 and 8, three (a plurality of) refrigerant
paths 10c, 10d, 10e as a temperature adjusting path are formed  within each
electrode plate 11, 12M such that they are spaced apart  upwardly and
downwardly. The respective refrigerant paths 10c through  10e are extended
back and forth over the entire length of the electrode  plates 11, 12M.
[0082] As shown in FIG. 7, three paths 14a, 14b, 14c are formed in each of
the filling blocks 14 applied to the front and rear end faces of the
electrode  plates 11, 12M such that they are spaced apart upwardly and
downwardly.  As shown in FIG. 9, the respective paths 14a through 14c each
include a  path part 14e extending back and forth and a path part 14f
intersecting  with the path part 14e leftward and rightward, and the paths
14a through  14c each have a T-shaped configuration in a plan view. The
path part 14e  of the upper-stage path 14a is connected to the upper-stage
refrigerant path  I Oc of the corresponding electrode plate 11, 12M, the
path part 14e of the  middle-stage path 14b is connected to the
middle-stage refrigerant path  10d and the path part 14e of the lower-stage
path 14c is connected to the  lower-stage refrigerant path 10e. [0083] As
shown in FIG. 10, a connector bush 65 having a circular  cylindrical
configuration is provided at the connecting part between the  refrigerant
paths lOc through 10e of the electrode plates 11, 12M and the  path 14e of
the filling block 14. The corners formed between the outer  peripheral
surface and the front and rear end faces of the connector bush 



37  65 are chamfered and provided with O-rings 66, respectively. Those 0-
ring 66 are press collapsed by crewing bolts 51. [0084] As shown in FIG. 9,
the path parts 14f in the left and right  directions of the paths 14a
through 14c at the same height in the filling  blocks 14 which are arranged
leftward and rightward in side-by-side  relation are mutually linearly
connected leftward and rightward.  [0085] As shown in FIGS. 8 and 9, a
refrigerant path 12b is formed in the  enlarged-thickness part 12f of the
left-end electrode plate 12L of each  electrode module 10. The refrigerant
path 12b is extended back and forth  over the generally entire length of
the left-end electrode plate 12L,. The  left and right path parts 14f of
the middle-stage path 14b of the left-end  filling block 14 are connected
to the neighborhood parts of the front and  rear ends of the refrigerant
path 12b. [0086] As shown in FIGS. 9 and 12, in each electrode module 10,
the front  and rear end parts of the refrigerant path 12b are connected to
refrigerant  reservoirs 16f through the paths l6b on the left-side parts of
the front and  rear inner wall members 16, respectively. [0087] Similarly,
a refrigerant path 12a is formed in the enlarged-thickness  part 12k on the
upper side of the right-end electrode plate 12R, and a  refrigerant path
12c is formed in the enlarged-thickness part 12k on the  lower side. Those
refrigerant paths 12a, 12c are extended back and forth  over the generally
entire length of the right-end electrode plate 12R. The  left and right
path parts l4f (FIG. 7) of the upper-stage path 14a of the  right-end
filling block 14 are connected to the neighborhoods of the front  



and rear ends of the upper-stage refrigerant path 12a, and the left and
right 38  path parts 14f of the lower-stage path 1.4c are connected to the
neighborhoods of the front and rear ends of the lower-stage refrigerant
path 12c. The front and rear end parts of the respective refrigerant paths
12a, 12c are connected to the refrigerant reservoirs 16f through the paths
16a, 16c on the right-side parts of the front and rear inner wall members
16, respectively. [0088] As shown in FIG. 7, the electrode module 10 is
provided at an  upper surface of the front-side inner wall member 16 with a
refrigerant  inlet port 61 connected to the refrigerant reservoir 16 A
refrigerant  supply tube 6a extending from the refrigerant supply source 6
is connected  to a refrigerant inlet port 6 1. On the other hand, the
electrode module 10 is provided at an upper  surface of the rear-side inner
wall member 16 with a refrigerant outlet port  62 connected to the
refrigerant reservoir 16f. A refrigerant discharge tube  6b is extended
from this port 62. [0089] A refrigerant such as a cool water coming from
the supply source 6  via the tube 6a is temporarily reserves in the
refrigerant reservoir 16f of  the front-side inner wall member 16 from the
inlet port 61 and thereafter,  branched into three paths 16a through 16c.
The refrigerant passing  through the upper-stage path 16a on the right side
is flown into the upper- stage electrode plate 12R, a part of the
refrigerant is flown directly  backward while the remaining part of the
refrigerant is flown into the  upper-stage path 14a of the front-side block
and thereafter branched into  the upper-stage refrigerant paths lOc of the
respective electrode plates 11,  12M and flown backward. The refrigerant
passing through the middle- 



stage path l6b on the left side is flown into the refrigerant path 12b of
the  left-end electrode plate 12L, a part of the refrigerant is flown
directly 39  backward while the remaining part of the refrigerant is flown
into the  middle-stage path 14b of the front-side block and thereafter
branched into  the middle-stage paths lOd of the respective electrode
plates 11, 12M and  flown backward. The refrigerant passing through the
lower-stage path I6c  on the right side is flown into the lower stage
refrigerant path 12c of the  right-end electrode plate 12R, a part of the
refrigerant is flown directly  backward while the remaining part of the
refrigerant is flown into the  lower-stage path 14c of the front-side block
and thereafter branched into  the lower-stage refrigerant paths l0e of the
respective electrode plates 11,  12M and flown backward. Owing to this
arrangement, the electrode plates  11, 12 can entirely be cooled
(temperature adjustment). [0090] The refrigerant reached to the rear end
parts of the refrigerant paths  10c through l0e of the respective electrode
plates 11, 12M are passed  through the rear side block paths 14a through
14c, and then converged to  the rear end parts of the refrigerant paths 12a
through 12c of the electrode  plates 12L, 12R. Then, the refrigerant is
passed through the rear side  inner wall paths 16a through 16c, and then
reserved in the rear-side  refrigerant reservoir 16 1. Thereafter, the
refrigerant discharged from the  outlet port 62 via the tube 6b. [0091] In
case a workpiece W having a large width in the left and right  directions
is to be processed, the module unit IX and thus, the electrode  module 10
may be additionally jointed. Owing to this arrangement, the  number of the
side-by-side arrangements of the electrode plates 11, 12 and  the
electrode-to-electrode slits 10a can easily be increased and thus, the  



slit group 100 can easily be elongated. In case a workpiece W having a
small width in the left and right directions is to be processed, the module
units IX and thus, the electrode modules 10 are partly withdrawn. Owing 40
to this arrangement, the number of side-by-side arrangements of the
electrode plates 11, 12 and the electrode-to-electrode slits 1Oa can easily
be reduced and thus, the slit group 100 can easily be shortened. Owing to
this arrangement, the size of the workpiece W can flexibly be met. [0092]
In the two electrode modules 10, 10 adjacent in the left and right
directions, the opposing end-electrode plates 12R, 12L of the electrode
modules 10, 10 can firmly be connected and combined by fitting the
enlarged-thickness part 12f (12k) having a protruded configuration to the
other reduced-thickness part 12h (12g) having a recessed configuration.
The separating operation can also be done easily. Since the end-electrode
plate 12L, 12R have the enlarged-thickness  parts 12f, 12k, respectively,
the refrigerant paths 12a through 12c can be  formed in those
enlarged-thickness parts 12f, 12k, respectively and thus,  the refrigerant
paths can easily be obtained. [0093] The electrode plates 11, 12 can be
made as thick as possible by  setting the working distance and the
effective processing width as large as  possible and thus, making the pitch
P as large as possible. Owing to this  arrangement, the refrigerant paths
10a through l Oc can easily be formed.  [0094] FIG. 15 shows a modified
embodiment of the second embodiment.  As shown in FIG, 15(b), in this
modified embodiment, a combined  electrode plate 12X formed by two
electrode modules 10 adjacent in the  left and right directions is divided
into four partial electrode plates 12p  



(that is, a plurality of plate-like partial electrode members) in the up
and  down directions. Each partial electrode plate 12p has the same
thickness  in the left and right directions as the other electrode plates
11, 12M and  has a prismatic configuration extending in the back and forth
directions 41  intersecting with the paper surface of FIG. 15. As shown in
FIG. 15(a), of  those partial electrode plates 12p, the first and the third
ones from top are  attached to the right end part of the left-side
electrode module 10 thereby  constituting the right-end electrode plate 12R
of the left-side electrode  module 10, and the second and fourth ones are
attached to the left-end part  of the right-side electrode module 10
thereby constituting the left-end  electrode plate 12L of the right-side
electrode module 10. Though not  shown in detail, the longitudinal two ends
of each partial electrode plate  12p are connected to the end walls (see
FIG. 6) of the corresponding  electrode modules 10 and supported by them.
[0095] The first stage and third stage partial electrode plates 12p, 12p
attached to the left-side electrode module 10 and the second stage and
fourth stage partial electrode plates 12p, 12p attached to the right-side
electrode module 10 are engaged with each other, thereby constituting a
single combined electrode plate 12X. [0096] According to the modified
embodiment of FIG. 15, there is no need  of forming the recessed part nor
the protruded part on the end-electrode  plates 12L, 12R, manufacture can
be done very easily and plane accuracy  can also be obtained easily. Owing
to those features, the end-electrode  plates 12L, 12R can reliably be
surface contacted with the solid dielectric  plate 13. Moreover, the
partial electrode plates 12p constituting the end- electrode plates 12L,
12R are same in thickness as the other electrode  



plates 11, 12M and thicker than the enlarged-thickness parts 12f, 12k of
the second embodiment, and they have no reduced-thickness parts 12g,  12h.
Accordingly, sufficient rigidity can be obtained and bending can be
restrained. Owing to those features, it can reliably be prevented that gaps
are formed between the respective end-electrode plates 121, 12R and the 42
solid dielectric plates 13 applied thereto. As a result, a stable plasma
can  be obtained. Moreover, the slit group 100 can reliably be held at a
specific pitch even at the connection part between the left and right
electrode modules 10, and uniformity of the surface processing can be  more
enhanced. Moreover, the partial electrode plates 12p constituting the end-
electrode plates 12L, 12R can easily be manufactured, the number of
processing steps can be reduced and the same configuration can be applied
to each and every partial electrode plate 12p. Owing to those features, the
member cost can be made inexpensive. [0097] A refrigerant path 10f
(temperature adjusting path) is formed in  each partial electrode plate
12p. Though not shown in detail, those  refrigerant paths 10f are connected
to the refrigerant reservoirs 16f (see  FIG. 9), respectively. The
refrigerant paths 10c, 10d, l0e of those  electrode plates 11, 12M other
than the end-electrode plates 12L, 12R are  connected to the refrigerant
reservoirs 16f without through the refrigerant  paths 10f, respectively.
[0098] FIG. 16 shows the third embodiment of the present invention. The
third embodiment is a modified embodiment of the first embodiment  (FIGS. I
and 2) relating to a fundamental construction of the present  invention. 



In the third embodiment, the casing 19 of the processing head I is
extended leftward and rightward and the respective electrode plates 11, 12
within the casing 19 are arranged in side-by-side relation in a direction
orthogonal to the left and right directions, i.e., moving direction of the
workpiece W, as in the first embodiment. [0099] 43  On the other hand, in
the third embodiment, the electrode plates 11, 12 are slanted at an angle
of 0 (0 < (it / 2)) with respect to their side-by- side arranging
directions, i.e., left and right directions unlike in the first
embodiment. They are slanted at an angle of ((it / 2) - 0) with respect to
the moving direction (back and forth directions) of the workpiece W.
Accordingly, the extending direction of the electrode-to-electrode slit 10a
is also slanted at an angle of ((it / 2) - 8) with respect to the moving
direction of the workpiece W. In the third embodiment, although the
electrode plates 11, 12 and the electrode-to-electrode slit IOa are slanted
rightward with respect to the front direction (above in FIG. 16), they may
be slanted leftward. [0100] As indicated by the one-dot chain line of FIG.
16, the front end part  (upper end in FIG. 16) of a certain
electrode-to-electrode slit 10a and the  rear end part (lower end in FIG.
16) of the electrode-to-electrode adjacent  immediately thereto are located
on the same linear line along the moving  directions, i.e., back and forth
directions, of the workpiece W. In other  words, the position in the left
and right directions of the front end part of  the above-mentioned certain
electrode-to-electrode slit 10a and the  position in the left and right
directions of the rear end part of the  electrode-to-electrode slit 10a
adjacent thereto are aligned. Accordingly,  in the plasma processing
apparatus M1 of the third embodiment, the slit  



group 100 satisfies the following expression; L x cos 0 = (t + d) x cosec 0
(1)  Wherein L represents the length of the electrode-to-electrode slit
10a, t,  the thickness of the electrode plates 11, 12 (interval between the
adjacent  electrode-to-electrode slits) and d, the width of the
electrode-to-electrode  slit iOa (interval between the adjacent electrode
plates 11, 12), respectively. 44  [0101] Although not shown, a slit-like
flow rectification plate 23a (see FIG.  2) of the flow rectification module
20 disposed on the upper side of the  electrode module 10 is also slanted
in match with the electrode-to- electrode slit 10a and straightly connected
to the corresponding electrode- to-electrode slit 10a over the entire
length thereof. [0102] In the above-mentioned construction, the plasmatized
processing  gas is sprayed onto the workpiece W. Simultaneously, the
workpiece W is  moved back and forth by the moving mechanism 4. At that
time, each and  every point of the workpiece W is slantwise moved across
the area immediately under the electrode-to-electrode slit I Oa and the
area  immediately under the electrode plates 11, 12. Owing to this
arrangement,  an exposing amount of the plasma gas can be equalized.
Moreover, since  the end parts on the reverse side in the back and forth
directions of the  adjacent electrode-to-electrode slits 10a are located on
the same linear line  in the back and forth, when the workpiece W is passed
once, the exposing  amount of the plasma gas can be equalized at each and
every point on the  workpiece W. Owing to this arrangement, the surface
processing can  reliably be conducted over the entire workpiece W and
striped non- uniformity can reliably be prevented from occurring.
Especially, under  



the circumstance of generally normal pressure, striped irregularity tends
to  occur because gas is hardly dispersed. The above-mentioned-arrangement
can effectively prevent such an occurrence of irregularity. The respective
electrode plates 11, 12 can reliably be shortened  irrespective of the size
of the workpiece W as in the first embodiment.  [0103] Two
electrode-to-electrode slits 10a, 10a whose end parts on the  reverse side
in the back and forth directions are to be aligned on the same 45  linear
line L 1 in the back and forth directions are not limited to those  which
are directly adjacent with each other. They may be arranged  alternately or
every several electrode-to-electrode slits. That is, it is good  enough if
the slit group 100 satisfies the following expression which is  obtained by
generalizing the above-mentioned expression (1); Lx cos 0 = n x (t + d) x
cosec 0 .....(2)  wherein n represents an integer of 1 or larger. In FIG.
16 (those adjacent  to each other at intervals of one), n = 1. [0104]  FIG.
17 shows the electrode module 10 where n = 2 is satisfied in  the
above-mentioned expression (2). In this electrode module 10, the
respective electrode plates 11, 12 and thus, the electrode-to-electrode
slits  10a are more slanted than those in FIG. 16. The front end part of a
certain  electrode-to-electrode slit 10a and the rear end part of the
electrode-to- electrode slit l0a which is adjacent thereto at one interval
(i.e., the slit  next to the adjacent slit) are aligned on the same linear
line LI in the back  and forth directions. [0105] As shown in FIG. 18, even
if the respective electrode plates 11, 12  are orthogonal to the
side-by-side arranging direction and the construction  



of the electrode module itself is same as the one in FIG. 1, the electrode
plates 11, 12 and thus, the electrode-to-electrode slit 10a can be slanted
by  diagonally arranging the entirety. [0106] In FIG. 18, the entire
processing head 1 is slanted by an angle 0'  (it / 2) - 0) in the clockwise
direction in a plan view. Owing to this  arrangement, the longitudinal
direction of the electrode module 10 is  slanted by the angle 0' with
respect to the left and right direction. Also,  the electrode plates 11, 12
and thus, the electrode-to-electrode slit 10a are 46  slanted by the angle
0' with respect to the back and forth directions, i.e.,  moving direction
of the workpiece W. The front end part of a certain  electrode-to-electrode
slit 10a and the rear end part of the electrode-to- electrode slit 10a
immediately adjacent thereto in the right direction are  located on the
same linear line L 1 in the back and forth directions. In the  electrode
module 10 of FIG. 18, the following expression, which is  equivalent to the
expression (2), is satisfied. Lxcos(7c /2-0')= n x (t + d) x sin (7c /2-0')
(3) L, t, d and n of the expression (3) are same as defined in the
expression (2).  In case of the electrode module 10 of FIG. 18, n = 1. Of
course, the  electrode module 10 may be slanted such that n becomes an
integer of 2 or  larger. The electrode module 10 may be slanted in the
counterclockwise  direction instead of the clockwise direction in a plan
view. [0107] Also in the slanting construction as shown in FIGS. 16 through
18,  a multi-stage of the slit groups 100 may be arranged on the front and
rear  sides. For example, a processing head shown in FIG. 19 includes two  



electrode modules arranged on the front and rear sides and two stages of
slit groups arranged on the front and rear sides. The casing 19 of each
electrode module 10 is extended in the left and right directions orthogonal
to the workpiece moving direction and electrode plates 11, 12 are arranged
in side-by-side relation leftward and rightward within the casing 19 as in
the one shown in FIG. 16. Those electrode plates 11, 12 and thus, the
electrode-to-electrode slits I Oa are slanted at a predetermined angle 0
with  respect to the side-by-side arranging directions in the left and
right  directions. The corresponding slits 10a of the electrode modules 10
arranged on the front and rear sides are deviated by a half pitch in the
left 47  and right directions. Though not shown, a gas flow rectification
module  20 is installed on the upper side of each electrode module 10. In
FIG. 19, although the inclination angle 8 is set to be a value  which
satisfies the expression (1) (that is, in case of n = I of the  expression
(2)), it may be set to a value which satisfies n> 2 of the  expression (2).
According to such a two-stage slanting construction, surface  processing
can be conducted in a more uniformized manner. Moreover,  the respective
electrode plates 11, 12 can be made smaller in size,  [0108] FIG. 20 shows
another embodiment in which the slanting electrode  module 10 of FIG. 18 is
formed in a multi-stage construction. A  processing head of this embodiment
includes two slanting electrode  modules 10, which modules 10 are same as
those of FIG. 18, arranged on  the front and rear sides. The longitudinal
direction of each module 10 is  extended in a direction at an angle 0' with
respect to the left and right  directions. The electrode plates 11, 12 and
thus, the electrode-to-electrode  slits 10a are arranged in side-by-side
relation in the longitudinal direction  



of the electrode module 10 and directed in a direction orthogonal to the
longitudinal direction of the electrode module 10, i.e., direction forming
the angle 0' with respect to the moving directions of the workpiece W.
Although the electrode modules 10 arranged on the front and rear  sides are
slightly deviated in the left and right directions, they may be  arranged
in a non-deviating manner. [0109] Fig. 21 shows still another embodiment in
which the apparatus of  the second embodiment (FIGS. 5 through 14) are
formed in a slanting  construction. 48  A processing head 1 according to
this embodiment comprises a large number of electrode modules 10 laterally
arranged in side-by-side  relation in two stages on the front and rear
sides. The two stages of slit  groups 100 arranged on the front and rear
sides are constituted by this  arrangement. The entire processing head I is
slanted by an angle 0' in the  clockwise direction in a plan view. Owing to
this arrangement, the side- by-side arranging directions of the electrode
modules 10 are slanted at an  angle 0' with respect to the left and right
directions (directions orthogonal  to the moving directions of the
workpiece W). The respective electrode  plates 11, 12 of each electrode
module 10 and thus, the respective slits 10a  of each slit group 100 are
orthogonal to the side-by-side arranging  directions and therefore, slanted
in a direction forming the angle 0' with  respect to the back and forth
directions, i.e., moving directions of the  workpiece W. [0110] This
inclination angle 0' is set such that the following expression  which is
equivalent to the previously-mentioned expressions (2) and (3) is
satisfied; 



0'=tan-'(nxP/L) .....(5)  In the above expression (5), P represents a pitch
(for example, P =  12 mm) between the electrode plates 11, 12 and the
electrode-to-electrode  slits 10a, L, the length (for example, L = 300 mm)
of the electrode-to- electrode slits 10a and n, an integer of I or larger,
respectively. In the  apparatus of FIG. 21, n = 1. Owing to this
arrangement, in the two  electrode slits I Oa adjacent in the left and
right directions, the front end  part of the left-side electrode slit 10a
and the rear end part of the right-side  electrode slit 10a are located on
the same linear line L along the moving  directions of the workpiece W in
the back and forth direction. [0111] 49  Although the specific construction
of the electrode module 10 is same as that of the second embodiment shown
in FIGS. 6 through 13, the  end-electrode plates 12L, 12R may be
constructed in the same manner as  in the modified embodiment of the second
embodiment shown in FIG 15  instead of the one according to the second
embodiment. Although the  front-side stage and the rear-side stage are
deviated by a half pitch (P/2) in  the left and right directions, this
deviation is not necessarily required. The  inclination angle 0' may be set
such that n > 2 is satisfied in the expression  (1). The electrode modules
10 may be slanted in the counterclockwise  direction instead of clockwise
direction in a plan view. [0112] In the embodiments so far described, the
processing head 1 is fixed  to the support base and non-movable. However,
it is also accepted that the  processing head I is relatively swung in a
direction intersecting with the  moving directions of the workpiece W. That
is, in the fourth embodiment shown in FIG. 22, a processing  head 1
composed of a single stage of module units IX arranged in side-by- 



side relation in the left and right directions are slidably supported on a
support base (not shown) in the left and right directions. A swing
mechanism 8 is connected to this processing head 1. The swing  mechanism 8
comprises, for example, a reciprocal actuator, a turnable  actuator, a
converting mechanism for converting the turning motion into a  reciprocal
motion, and the like, and is capable of swinging the entire  processing
head 1 in the left and right directions. At the time of plasma  processing,
the workpiece W is moved back and forth by the moving  mechanism 4 and the
processing head 1 is swung in the left and right  directions (direction
orthogonal to the moving direction of the workpiece  W). In the meantime,
the processing gas is plasmatized and sprayed onto  the workpiece W. Owing
to this arrangement, even if the extending 50  direction of the respective
slits is in parallel with the moving directions of  the workpiece W,
striped non-uniformity of processing can be prevented  from occurring and
uniformity of the surface processing can be enhanced.  [0113] The swinging
amplitude caused by the swing mechanism 8 is, for  example, 1/2 of the
pitch P between the electrode plates and the electrode- to-electrode slits
IOa, but actually, the singing amplitude is desirably  optimized in a range
larger than P/2 in view of positional accuracy and
acceleration/deceleration. Owing to this arrangement, the striped non-
uniformity can reliably be eliminated. [0114] The swinging cycle is
optimized in accordance with the moving  speed of the workpiece W caused by
the moving mechanism 4.  Specifically, the swinging cycle is set such that
the processing head 1 is  just swung naturally (desirously plural times)
during the time the  workpiece W is moved by a distance equal to the length
portion of the slit  



10a. Owing to this arrangement, non-uniformity caused by swinging  motion
itself can be prevented from occurring. [0115] FIG. 23 shows a modified
embodiment of the fourth embodiment  equipped with the above-mentioned
swing mechanism. A processing head  1 of this modified embodiment comprises
two stages of module units 1X  arranged in side-by-side relation in the
left and right directions on the  front and rear sides. The entire module
unit IX on the front-side (upper  side in FIG. 23) stage is supported by a
support base, not shown, such that  the unit I X is slidable in the left
and right directions as one unit. Also, the  entire module unit 1X on the
rear-side (lower side in FIG. 23) stage is  supported by the support base
such that the unit IX is slidable in the left  and right directions as one
unit but separately from the front-side stage. 51  The front-side stage
module unit IX is connected with a first swing  mechanism 8A and the
rear-side stage module unit 1X is connected with a  second swing mechanism
8B. Those swing mechanisms 8A, 8B have the  same construction as the
above-mentioned swing mechanism 8 and the  module unit IX on the
corresponding stage is swung in the left and right  directions
respectively. Moreover, those swing mechanisms 8A, 8B are  co-acted so that
they are deviated in swinging phase. This phase  difference p is, for
example, <p = it / 2. The swinging amplitude and the  cycle are same as in
the above-mentioned swing mechanism 8. Owing to  this arrangement,
processing non-uniformity can reliably be prevented  from occurring and
uniformity of the surface processing can be more  enhanced. [0116]  The
present invention is not limited to the above-mentioned  embodiments but
many other embodiments can be employed. 



For example, the slit group 100 is not limited to one or two stages  but it
may be three or more stages. In that case, the adjacent stages are
preferably deviated in the side-by-side arranging directions of the slits
10a.  This deviation is preferably pitch _ (number of stages). Especially,
in case the extending direction of each slit 10a is in parallel with the
moving  directions of the workpiece W, the more the number of stages is
increased,  the more the uniformity of processing can be enhanced. In case
of  processing where no uniformity is required, only a single stage of the
slit  group 100 is good enough even if the extending direction of each slit
10a  is in parallel with the moving directions of the workpiece W. It is
accepted that instead of a single slit, a plurality of apertures and  short
slits are arranged (extended) in a row so as to serve as "a single hole-
row". It is also accepted that instead of the slit group 100, a plurality
of  rows each consisting of the apertures and short slits are arranged in a
52  direction intersecting with the extending direction so as to serve as
"hole- row group". [0117] Each electrode member of the first and second
electrode modules is  not necessarily required to have a flat plate-like
configuration but they  may have a circular columnar configuration or the
like. It is also accepted that the first-end electrode member of the first
electrode module and the second-end electrode member of the second
electrode module are about a half in thickness of other electrode members,
respectively and the combined electrode member consisting of the former
and the latter is equal in thickness to other electrode members. [0118] In
the respective embodiments of a slanting construction shown in  FIGS. 16
and 17, although the inclination angle 0 is set such that both n =  



I and n = 2 are satisfied respectively in the expression (1), it may be set
such that n = 3 or larger is satisfied. In the respective embodiments of a
slanting construction shown in FIGS. 18 through 21, although the
inclination angle 0' is set such that n = I is satisfied in the expression
(4),  it may be set such that n = 2 or larger is satisfied. Moreover, the
inclination angle of the slanting construction is not necessarily required
to  satisfy the expressions (1) through (4). The inclination angle 0' may
properly be set in a range from larger than 0 degree to smaller than 90
degrees. [0119] In the embodiment of a swing mechanism shown in FIG. 22, it
is  also accepted that the processing head 1 is fixed and the workpiece W
is  swung in the left and right directions while being moved back and
forth.  In that case, the swing mechanism may be assembled in the moving
mechanism. Of course, it is also accepted that the workpiece W is fixed 53
and the processing head I is swung in the left and right directions while
being moved back and forth. The swinging direction is not limited to the
side-by-side arranging  directions of the slits 10a but good enough as long
as this direction is  intersected with the moving directions of the
workpiece W. The swinging  direction may also be slanted to the
side-by-side arranging directions. In the embodiment of a swing mechanism
shown in FIG. 23,  although the slit groups 100 (hole-row groups) are
arranged in two stages,  they may be three or more stages and they may be
swung for each stage so  that the adjacent stages are deviated in swinging
phase. This phase difference cp is, for example, y = it / n wherein n is
the number of stages.  However, the present invention is not limited to
this. It may properly be  set in accordance with the processing conditions,
etc. In case of three or  



more stages, the swing mechanism connected to one of the adjacent stages
is referred to as the "first swing mechanism" as defined in claims, and the
swing mechanism connected to the other stage is referred to as the "second
swing mechanism". It is also accepted that the slit group (hole- row group)
of one of the adjacent stages is fixed, the workpiece W is  swung by the
first swing mechanism and the slit group (hole-row group)  of the other
stage is swung in such a manner as to deviate in phase with  respect to the
swinging motion of the workpiece W. The swinging operation made by the
swing mechanism may also be  employed in the slanting mechanism in FIGS. 16
through 21. [01201 The present invention is applicable to those of the type
that a  processing gas is jetted through groups of hole rows such as slits
so as to  be applied to an object to be processed. The invention is not
only  applicable to plasma surface processing but also be applicable to
electrodeless surface processing such as etching by thermal CVD, HF 54
(hydrofluoric acid) vapor or the like. The present invention is likewise
applicable to various surface processing such as ashing by ozone or the
like, etching by CF4 or the like, film deposition (CVD), cleaning, surface
modification (hydrophilic processing, water repellent processing) or the
like. The pressure condition of processing is not limited to the generally
normal pressure but it may be under a reduced-pressure circumstance.  [TEST
EXAMPLE 1] [0121] One test example will now be described. Needless to say,
the  present invention is not limited to the following test example.
Etching was conducted under the following conditions using the  



same plasma processing apparatus for etching as in the second  embodiment
(FIGS. 5 through 14). electrode temperature: 50 degrees C  workpiece
temperature: 100 degrees C  processing gas CF4 : 200 seem  02 : 800 sccm
H2O : 15 sccm pulse frequency: 20 kHz  applying voltage: 300 V  [0122]
Then, the thickness of the residual film after processed only by  plasma
gas coming through the front-stage slit groups (hole-row groups)  and the
thickness of the residual film after processed in two stages on the  front
and rear sides are measured over the width direction in the left and  right
directions of the workpiece. 55  The result is shown in FIG. 24, In
processing only by the front stage, the film thickness was slightly
non-uniform. When the processing  was additionally conducted by the rear
stage, the film thickness was  almost uniformized. [BRIEF DESCRIPTION OF
THE DRAWINGS]  [0123] [FIG. 1] FIG. 1 shows the first embodiment of the
present invention and  is a plan sectional view of a normal pressure plasma
processing apparatus  taken on line I-1 of FIG. 2. [FIG. 2] FIG. 2 is a
front sectional explanatory view of the normal  pressure plasma processing,
apparatus taken on line II-II of FIG. 1. [FIG. 3] FIG. 3 is an explanatory
view showing a processing performance  



by plasma gas coming through the respective electrode-to-electrode slits.
[FIG. 4] FIG. 4 is a graph showing a general relation between the working
distance and the processing rate. [FIG. 5] FIG. 5 shows the second
embodiment of the present invention  and is a plan view of a general
construction of a normal pressure plasma  processing apparatus. [FIG. 6]
FIG. 6 is a plan view of the respective electrode modules of the  apparatus
of FIG. 5. [FIG. 7] FIG. 7 is a side sectional view of a module unit of the
apparatus  of FIG. 5, taken on line VII-VII of FIG. 8. [FIG. 8] FIG. 8 is a
front sectional view of the module unit, taken on line  VIII-VIII of FIG.
7. [FIG. 9] FIG. 9 is a plan sectional view of the module unit of the front
and  rear stages, taken on line IX-IX of FIG. 8. [FIG. 10] FIG. 10 is a
plan sectional view showing the detail of a  connection part between a
electrode plate and a filling block of the  electrode module. 56  [FIG. 11]
FIG. 11(a) is a front sectional view showing the adjacent  electrode
modules in the left and right directions in their separated  positions, and
FIG. 11(b) is a front sectional view showing the adjacent  modules in their
connected positions. [FIG. 12] FIG. 12 is a front sectional view of the
module unit, taken on  line of XII-XII of FIG. 9. [FIG. 13] FIG. 13 is a
plan sectional view of a flow rectification module  of the module unit,
taken on line XIII-XIII of FIG. 8. [FIG. 14] FIG. 14 is a graph showing the
processing performance by the  electrode modules on the front and rear
stages in the form of positions on  the workpiece and processing rates. 



[FIG. 15] FIG. 15 shows a modified embodiment of the second  embodiment,
FIG. 15(a) is a front sectional view showing adjacent  electrode modules in
the left and right directions in their separated  positions, and FIG. 15(b)
is a front sectional view showing the adjacent  modules in their connected
positions. [FIG. 16] FIG. 16 shows the third embodiment of the present
invention  and is a plan sectional view of a normal pressure plasma
processing  apparatus. [FIG. 17] FIG. 17 is a plan sectional view showing a
modified  embodiment of the third embodiment. [FIG. 18] FIG. 18 is a plan
sectional view showing another modified  embodiment of the third
embodiment. [FIG. 19] FIG. 19 is a plan sectional view showing another
modified  embodiment of the third embodiment. [FIG. 20] FIG. 20 is a plan
sectional view showing another modified  embodiment of the third
embodiment. 57  [FIG. 21] FIG. 21 is a plan view showing an embodiment in
which  components of the subject of the third embodiment is combined with
the  apparatus of the second embodiment. [FIG. 22] FIG. 22 is a plan view
showing the fourth embodiment of the  present invention. [FIG. 23] FIG. 23
is a plan view showing a modified embodiment of the  fourth embodiment.
[FIG. 24] FIG. 24 is a graph showing the result of the test example 1.
[DESCRIPTION OF REFERENCE NUMERALS] [0124]  M.....normal pressure plasma
processing apparatus (surface processing  apparatus) 



W.....workpiece (object to be processed)  I .....plasma processing head
(processor)  IX.....module unit 10.....first and second electrode modules
I0a.....slit (hole row, gap serving as a plasmatizing space)  100.....slit
group (hole-row group) 11.....electrode plate (plate-like electrode member)
of a hot electrode  12.....electrode plate (plate-like electrode member) of
an earth electrode  12L, 12R.....end-electrode plate (first or second end
electrode member)  12X.....combined electrode plate (combined electrode
member) 12f 12k.....first or second enlarged-thickness part  12g,
12h.....first or second reduced-thickness part  12p.....partial electrode
plate (partial electrode plate) 12a, 12b, 12c, 12f.....refrigerant path
(temperature adjusting path)  20.....flow rectification module 4.....moving
mechanism  8..... swing mechanism 58  8A.....fiist swing mechanism
8B.....second swing mechanism 59  CLAIMS: [CLAIM 1] An apparatus for
processing the surface of an object to be processed by  spraying a
processing gas onto said object, said apparatus comprising: a processor
having a group of hole-rows composed of hole-rows each  extending in one
direction and arranged each other in a side-by-side relation at equal
pitches in a direction intersecting with the extending direction of each of
said hole- rows, the processing gas being blown through each of said
hole-rows; and 



a moving mechanism for relatively moving said processor in a direction
intersecting with the side-by-side arranging direction with respect to said
object,  wherein said processor includes a plurality of electrode members
arranged in a side-by-side relation at equal pitches, a slit-like gap as
one of said hole-rows is formed  between two adjacent electrode members of
said plurality of electrode members, said  processing gas is plasmatized
while being passed through said gap. [CLAIM 2] A surface processing
apparatus according to claim 1, wherein the relatively  moving direction is
along the extending direction of each of said hole-rows.  [CLAIM 3] A
surface processing apparatus according to claim 1, wherein the extending
direction of each of said hole-rows and the side-by-side arranging
direction of said  hole-rows are orthogonal to each other and the
relatively moving direction is along the  extending direction. [CLAIM 4] An
apparatus for processing the surface of an object to be processed by
spraying a processing gas onto said object, said apparatus comprising: 60
a processor having a group of hole-rows composed of hole-rows each
extending in one direction and arranged each other in a side-by-side
relation at equal  pitches in a direction intersecting with the extending
direction of each of said hole- rows, the processing gas being blown
through each of said hole-rows; and a moving mechanism for relatively
moving said processor in a direction  intersecting with the side-by-side
arranging direction with respect to said object,  wherein the extending
direction of each of said hole-rows is slanted with respect  to the
relatively moving direction. [CLAIM 5] An apparatus for processing the
surface of an object to be processed by  spraying a processing gas onto
said object, said apparatus comprising: 



a processor having a group of hole-rows composed of hole-rows each
extending in one direction and arranged each other in a side-by-side
relation at equal  pitches in a direction intersecting with the extending
direction of each of said hole- rows, the processing gas being blown
through each of said hole-rows; and a moving mechanism for relatively
moving said processor in a direction  intersecting with the side-by-side
arranging direction with respect to said object,  wherein the extending
direction of each of said hole-rows is slanted with respect to the
relatively moving direction and the side-by-side arranging direction of
said hole- rows is orthogonal to the relatively moving direction. [CLAIM 6]
An apparatus for processing the surface of an object to be processed by
spraying a processing gas onto said object, said apparatus comprising: a
processor having a group of hole-rows composed of hole-rows each  extending
in one direction and arranged each other in a side-by-side relation at
equal  pitches in a direction intersecting with the extending direction of
each of said hole- rows, the processing gas being blown through each of
said hole-rows; and 61  a moving mechanism for relatively moving said
processor in a direction intersecting with the side-by-side arranging
direction with respect to said object,  wherein the extending direction of
each of said hole-rows is slanted with respect  to the relatively moving
direction and the side-by-side arranging direction of said hole- rows is
orthogonal to the extending direction. [CLAIM 7] A surface processing
apparatus according to any one of claims 4 to 6, wherein  one end part in
the extending direction of one of two hole-rows disposed adjacent or  every
predetermined hole-row(s) of all said hole-rows is located on a same linear
line  along the relatively moving direction as the other end part in the
extending direction of  the other of said two hole-rows. [CLAIM 8] 



A surface processing apparatus according to any one of claims 1 to 7,
wherein  said pitches each are set to be generally equal to an effective
processing width when a  distance between said hole-rows and said object is
set to a neighborhood of the upper  limit of an effective range. [CLAIM 9]
A surface processing apparatus according to any one of claims Ito 8,
further  comprising a swing mechanism for relatively swinging said
processor in a direction  intersecting with the relatively moving direction
with respect to said object.  [CLAIM 10] A surface processing apparatus
according to any one of claims 1 to 9, wherein  said processor includes a
plurality of stages of said group of hole-rows in the extending  direction,
and hole-rows of one of two adjacent stages of said plurality of stages are
62  deviated from hole-rows of the other of said two stages in the
side-by-side arranging  direction. [CLAIM 11 ] A surface processing
apparatus according to claim 10, wherein an amount of  said deviation is
I/n (n is the number of stages of the hole-row groups) of said pitch.
[CLAIM 12] A surface processing apparatus according to any one of claims 1
to 8, wherein  said processor includes a plurality of stages of said
hole-row groups in the extending  direction, and said apparatus further
comprises: a first swing mechanism which relatively swings a hole-row group
of one of  two adjacent stages of said plurality stages in a direction
intersecting with the  relatively moving direction with respect to said
object; and a second swing mechanism which relatively swings a hole-row
group of the  other of said two stages in the same direction as the
relatively swinging direction of  said first swing mechanism with the phase
shifted from that of said first swing  



mechanism. [CLAIM 13] A surface processing apparatus according to any one
of claims 4 to 7, wherein  said processor includes a plurality of electrode
members arranged in a side-by-side  relation at equal pitches, a slit-like
gap as one of said hole-rows is formed between two  adjacent electrode
members of said plurality of electrode members, a processing gas for plasma
processing said object being passed through said  gap. 63  [CLAIM 14] A
surface processing apparatus according to claim 13, wherein said processor
includes a plurality of electrode modules separatably connected in the
side-by-side  arranging direction of said hole-rows, each of said electrode
modules includes a plurality of electrode members  arranged in a
side-by-side relation at equal pitches and constitutes a part of said hole-
row group. [CLAIM 15] A surface processing apparatus according to claim 14,
wherein said adjacent  two electrode modules each have an end electrode
member arranged at mutually  opposing ends, said end electrode member of
one of said two electrode modules is put  together with said end electrode
member of the other of said two electrode modules so  that these end
electrode members constitute a single combined electrode member, said
combined electrode member being equal in thickness to the other  respective
electrode members of said adjacent two electrode modules.  [CLAIM 16] A
surface processing apparatus according to any one of claims 1 to 15,
wherein  said processor includes a flow rectification path for uniformizing
processing gas, and  said hole-rows are continuous with said flow
rectification path such that said hole-rows  are branched. 



[CLAIM 17] A surface processing apparatus according to claim 14 or 15,
wherein said  processor includes a plurality of module units separatably
connected in the side-by- side arranging direction, each of said module
units comprises said electrode module  and a flow rectification module
connected to said electrode module, said flow  rectification module
includes a flow rectification path for uniformizing processing gas, 64  and
hole-rows of said electrode module are connected to said flow rectification
path  such that said hole-rows are blanched in each of said module unit.
[CLAIM 18] A method for processing the surface of an object to be processed
by using a  processor including a plurality of electrode members arranged
in a side-by-side  relation at equal pitches, slit-like gaps as hole-rows
each formed between adjacent  electrode members of said plurality of
electrode members, each of said gaps being  extending in a direction
intersecting with the side-by-side arranging direction, said  gaps arranged
in a side-by-side relation at equal pitches, the method comprising steps
of. plasmatizing a processing gas in each of said gaps; spraying the
processing gas onto the object through each of said gasps; and  relatively
moving said processor in a direction intersecting with the side-by-side
arranging direction with respect to said object. [CLAIM 19] A surface
processing method according to claim 18, wherein the relatively  moving
step includes relatively moving said object along the extending direction
of  each of said hole rows. [CLAIM 20] A method for processing the surface
of an object to be processed by using a  processor including a plurality of
hole-lows each extending in one direction and  arranged in a side-by-side
relation at equal pitches, the method comprising steps of: 



blowing a processing gas through each of said hole-lows so as to be sprayed
onto the surface of the object; and relatively slantwise moving said object
with respect to the extending direction of  each of said hole-rows. 65
[CLAIM 21 ] A surface processing method according to any one of claims 18
to 20, wherein  said pitch is set to be approximately equal to an effective
processing width when a  distance between said hole-rows and said object is
in a neighborhood of the upper limit  of an effective range and the step
includes processing under such a condition that said  distance is in a
neighborhood of the upper limit of said effective range. [CLAIM 22] A
surface processing method according to claim any one of claims 18 to 21,
wherein said processor is constituted by arranging a plurality of stages of
hole-row  groups composed of hole-rows having said equal pitches in the
extending direction of  each of said hole-rows and the adjacent two stages
of said hole-row groups are  deviated in the side-by-side arranging
direction, said relative movement being conducted with respect to said
plurality of stages  of said hole-row groups altogether. [CLAIM 23] A
surface processing method according to claim any one of claims 18 to 22,
wherein the steps further includes relatively swinging said processor in a
direction  intersecting with said relatively moving direction with respect
to said object.  [CLAIM 24] A surface processing method according to claim
23, wherein a swinging width  of said swinging motion is set to be 1/2 or
slightly larger than 1/2 of said pitch.  [CLAIM 25] A surface processing
method according to claim 23, wherein the cycle of said  swinging motion is
set to be 1/m times (m: integer) of a required time for said object to  



relatively move by a distance corresponding to the length of said hole-row.
66  [CLAIM 26] A surface processing method according to any one of claims
18 to 21, wherein  said processor is constituted by arranging a plurality
of stages of hole-row groups  composed of hole-rows having said equal
pitches in the extending direction of each of  said hole-rows, and wherein
the steps further comprises relatively swing said hole- rows of the
adjacent stages in a way as to be deviated in phase in a direction
intersecting with said relatively moving direction with respect to said
object in parallel  with said relative movement. [CLAIM 27] An apparatus
for plasma processing an object to be processed by jetting a  processing
gas through a plasmatizing space and applying the processing gas onto an
object arranged outside said plasmatizing space, said apparatus comprising:
a first electrode module and a second electrode module arranged each other
in  side-by-side relation in one direction, said first and second electrode
modules each include a plurality of electrode  members arranged in
side-by-side relation in the same direction as the side-by-side  arranging
direction of said first and second electrode modules, and a support part
for  connecting and supporting said electrode members, a gap serving as
said plasmatizing space is formed between every adjacent  electrode
members, a first end electrode member of all said electrode members of said
first  electrode module located at an end on said second electrode module
side and a second  end electrode member of all said electrode members of
said second electrode module  located at an end on said first electrode
module side are combined to form a single  combined electrode member, and
electrode members other than said first end electrode member of said first
electrode module, said combined electrode member and electrode members
other than 



67  said second end electrode member of said second electrode module are
arranged at  equal pitches with respect to one another, wherein the
respective electrode members of said first and second electrode  modules
each have a plate-like configuration intersecting with the side-by-side
arranging direction of said first and second electrode modules, the
plate-like respective  electrode members other than said first end
electrode member of said first electrode  module, said plate-like combined
electrode member and said plate-like respective  electrode members other
than said second end electrode member of said second  electrode module are
equal in thickness. [CLAIM 28] A plasma processing apparatus according to
claim 27, wherein said first end  electrode member and said second end
electrode member, i.e. said combined electrode  member, are electrically
grounded. [CLAIM 29] An apparatus for plasma processing an object to be
processed by jetting a  processing gas through a plasmatizing space and
applying the processing gas onto an  object arranged outside said
plasmatizing space, said apparatus comprising: a first electrode module and
a second electrode module arranged each other in  side-by-side relation in
one direction, said first and second electrode modules each include a
plurality of electrode  members arranged in side-by-side relation in the
same direction as the side-by-side  arranging direction of said first and
second electrode modules, and a support part for  connecting and supporting
said electrode members, a gap serving as said plasmatizing space is formed
between every adjacent  electrode members, a first end electrode member of
all said electrode members of said first  electrode module located at an
end on said second electrode module side and a second 68  



end electrode member of all said electrode members of said second electrode
module  located at an end on said first electrode module side are combined
to form a single  combined electrode member, and electrode members other
than said first end electrode member of said first  electrode module, said
combined electrode member and electrode members other than  said second end
electrode member of said second electrode module are arranged at  equal
pitches with respect to one another, wherein in said first electrode
module, said first end electrode member integrally  includes a first
enlarged-thickness part protruding toward said second electrode  module,
and a first reduced-thickness part which is smaller in thickness than said
first  enlarged-thickness part and withdrawn to the opposite side of said
second electrode  module side, in said second electrode module, said second
end electrode member integrally  includes a second reduced-thickness part
which is withdrawn to the opposite side of  said first electrode module
side and a second enlarged-thickness part which is bigger in  thickness
than said second enlarged-thickness part and protruding toward said first
electrode module, and in said combined electrode member, said first
enlarged-thickness part and said  second reduced-thickness part are put
together with each other and said first reduced- thickness part and said
second enlarged-thickness part are put together with each other.  [CLAIM
30] A plasma processing apparatus according to claim 29, wherein a
temperature  adjusting path is formed within said first enlarged-thickness
part and said path allows a  fluid for adjusting the temperature of said
first end electrode member to pass  therethrough. 69  [CLAIM 31] An
apparatus for plasma processing an object to be processed by jetting a
processing gas through a plasmatizing space and applying the processing gas
onto an  



object arranged outside said plasmatizing space, said apparatus comprising:
a first electrode module and a second electrode module arranged each other
in  side-by-side relation in one direction, said first and second electrode
modules each include a plurality of electrode  members arranged in
side-by-side relation in the same direction as the side-by-side  arranging
direction of said first and second electrode modules, and a support part
for  connecting and supporting said electrode members, a gap serving as
said plasmatizing space is formed between every adjacent  electrode
members, a first end electrode member of all said electrode members of said
first  electrode module located at an end on said second electrode module
side and a second  end electrode member of all said electrode members of
said second electrode module  located at an end on said first electrode
module side are combined to form a single  combined electrode member, and
electrode members other than said first end electrode member of said first
electrode module, said combined electrode member and electrode members
other than  said second end electrode member of said second electrode
module are arranged at  equal pitches with respect to one another, wherein
said combined electrode member is divided into a plurality of partial
electrode members along a width direction intersecting with the
side-by-side arranging  direction of said first and second electrode
modules, one of the adjacent partial  electrode members is supported by
said support part of said first electrode module  thereby constituting said
first end electrode member, and the other of the adjacent  partial
electrode members is supported by said support pail of said second
electrode  module thereby constituting said second end electrode member. 70
[CLAIM 32] A plasma processing apparatus according to claim 31, wherein a
temperature  adjusting path is formed within said partial electrode member
and said path is allowed  



a fluid for adjusting the temperature to pass therethrough. [CLAIM 33] A
plasma processing apparatus according to claim any one of claims 29 to 32,
wherein the respective electrode members of said first and second electrode
modules  each have a plate-like configuration intersecting with the
side-by-side arranging  direction of said first and second electrode
modules, the plate-like respective electrode  members other than said first
end electrode member of said first electrode module, said  plate-like
combined electrode member and said plate-like respective electrode  members
other than said second end electrode member of said second electrode
module are equal in thickness. 


