A;DPAIQATUS FOR GAS PROCESSI NG BACKGROUND OF THE

I NVENTI ON Field of the Invention 5 This invention

rel afes to an apparatus for gas processing a substrate by using a
processi ng gas. Di scl osure of the prior art hRecently,
as one nethod for conducting a_filmform ocess or an etching
process by using a plasnma, at @ﬁ%@$§Q%%%@BESESW%n ECR (El ectron
Cycl ot ron Resonance) plasma processing nethod, which generates a

m crowave di scharge by utilizing a r esonancehenorrenon bet ween an

el ectron cycl otron "~ novene ‘ - Pignetic field.
According to the mlmmmyl ng a higher density can be
generated in a 15 hjgher, vacgum by el ectr odel ess di scggnge Thus, a
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there i's |&S§ulf>§tﬁfaﬁeh®§r as $Rgi £ Pribiiseingagas . or the li ke may be
contam nated or poll An exanple of a conventional plasm
processing unit for pl asma process i s explained
with reference t Redergt 13, dwtﬁneamét&edoffoﬁ tbhduding g PLCFDImMiAg

m cr owave

process or an etching process by using a plasma, attention is

10 focused on an ECR (Electron Cyclotron Resonance) plasma

processing method, which generates a microwave discharge by

utilizing a resonance phenomenon between an electron cyclotron

movement and a microwave in a magnetic field. According to the

method, a plasma having a higher density can be generateii in a

15 higher vacuum by electrodeless discharge. Thus, a surface

processing can be achieved at a higher speed. In addition, there

is less fear that a semiconductor wafer or the like may be
contaminated or polluted.

An example of a conventional plasma processing unit for

20 conducting such an ECR plasma process is explained with reference

to Fig.9, about a case of a film-forming process. A microwave

of for example 2.45 GHz is supplied into a plasma generating

chamber 1A through a wave guide not shown. At the same time, an

electromagnetic coil 10 generates a magnetic field of a

25 predetermined strength such as 875 gauss. Then, by an

interaction (a resonance) of themicrowave and the magnetic field,

a plasma-generating gas such as Ar gas, which can be supplied

from an upper portion of the plasma generating chamber 1A, can

be changed into a plasma with a higher demsity. A reactive

30 film-forming gas, which can be introduced from a side portion

of a film-forming chamber 1B through gas holes of a circular

gas-supplying member 18, can be activated by the plasma in the

film-forming chamber 1B to make an activating seed. Thus, a

spatter-etching process and an accumulating process can be

35 conducted to a surface of a silicon wafer W placed on a stage

11 connected to a high-frequency power source 12 at the same time.

The spatter-etching process and the accumulating process are
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10 having a small dielectric constant. In a case of accumulating
a CF film on a surface of a wafer, a CF gas (a carbon fluoride
gas) such as CF; gas is used as a reactive gas. However, when
the CF film is accumulated on the surface of the wafer by using
the conventional processing unit shown in Fig.9, a peripheral
15 area of the accumulated CF film has a greater thickness, and a
central area thereof has a smaller thickness. The problem is more
remarkable when the wafer has a larger size.

The reason of such uneven distribution of the film

thickness has not been solved clearly. Hdwever, inventors of
20 this invention guess the reason as follows.

As shown in Fig.9, the plasma-generating gas is supplied
from gas nozzles 13, whose number may be 8 to 16, arranged at
an upper side portion of the tubular plasma generating chamber
1A toward a central area thereof in a radial direction thereof.

25 Then, the plasma—génerating gas flows downward in the
plasma-égenerati‘ng chaxnbér 1A to an ECR point near to a border
between the plasma generating chamber 1A and the film forming
chamber 1B.

In general, as shown in Fig.10, a gas flow in a pipe 15

30 has a greatest velocity at a central area of the pipe 15. On the
contrary, the gas flow has a smaller velocity at an area nearer
to an inside surface 16 of the pipe 15. In Fig.10, respective
velocities of the gas flow at respective areas are represented
by vector arrows 17. A vector arrow in a central area of the pipe

35 is longest. A vector arrow in an area nearer to a side end is
shorter.

As described about Fig.10, it can be thought that the gas
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SUMVARY, OF THE | NVENTI ON Recent|y, sem conductor devices are
required to be mnute and to operate aj a hi gher speed. In such a
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flow has a smaller velocity at an area_nearer . .
(charged particles) per unit time and unit area is larger at a

15 central area of the wafer. Thus, in the area, the CF gas may be
easily decomposed to generate F (fluorine). The generated F
operates to etch the CF film accumulated on the surface of the
wafer. Thus, the etching effect is greater in the central area
of the wafer than in the peripheral area thereof. That is, the

20 CF film is thinner in the central area of the wafer.

This invention is intended to solve the above problem
effectively. The object of this invention is to provide a gas
processing unit, which can conduct a uniform process to a surface
of a substrate such as a wafer by using a process gas.

25 The invention is a gas processing unit comprising: a stage
on which a substrate can be placed; a vacuum container surrounding
the stage, whose inside can be produced a vacuum; and a gas-
supplying member having a plurality of gas holes for supplying
a process gas toward the substrate placed on the stage; wherein

30 an opening density of the gas holes of the gas-supplying member
is greater in an area for a peripheral area of the substrate than
in an area mainly for a central area of the substrate.

For example, an opening size of each of the gas holes in
the area for the peripheral area of the substrate may be larger

35 than an opening size of each of the gas holes in the area for
the central area of the substrate. Alternatively, a number of

the gas holes may be larger in the area for the peripheral area
S S S
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10 In addition, preferably, the gas-holes obstructing member can
be adjusted to change the gas holes obstructed thereby. For
example, the gas-holes obstructing member may have a plurality
of blade-like members overlapping in an adjustable manner.

In addition, a gas processing unit according to the

15 invention further includes: a microwave penetrable window
hermetically arranged in an opening formed in the vacuum container,
the window facing the substrate placed on the stage; a wave quide
connected to the vacuum container via the microwave penetrable
window for introducing a microwave into the vacuum container;

20 and amagnetic-field forming means for generating amagnetic field
in the vacuum container; wherein the gas processing unit is
adapted to generate an electron cyclotron resonance in the vacuum
container by an interaction of the microwave introduced through
the wave guide and the magnetic field, to change the process gas

25 into a plasma and to process the substrate by the plasma.

In the case, the gas-supplying member may be made of a
microwave penetrable material. In addition, the gas processing
unit may further include a gas-holes obstructing member made of
an electric conductor for obstrﬁcting the gas holes.

30 The gas holes may be arranged in a space between the
microwave penetrable window and the substrate placed on the stage
and in a plane parallel to the substrate. Alternatively, the gas
holes may be arranged in a substantially peripheral area of a
space between the microwave penetrable window and the subétrate

35 placed on the stage and in a plane parallel to the substrate.
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Fig.5 are explanatory views for explaining operations of

(D

the gas-holes obstructing member;
15 Fig.6 is a schematic view of another example of a gas
processing unit used for an embodiment according to the invention;
Fig.7 is a plan view of a gas-supplying member in the gas
processing unit shown in Fig.6;
Fig.8 is a schematic view of a main part of the gas
20 processing unit shown in Fig.6 provided with a gas-holes
obstructing member;
Fig.9 is a schematic view of a film-forming unit using
conventional plasma; and |
Fig.10 is an explanatory view for explaining a state of
25 a gas flow flowing in a pipe.

DESCRIPTION OF THE PREFERRED EMBODIMENT
Embodiments of the invention will now be described with
reference to drawings.

30 At first, an example of a gas processing unit used for an
embodiment according to the invention is shown in Fig.1. Theunit
includes a vacuum container 2 made of for example aluminum or
the like. The vacuum container 2 consists of a first cylindrical
vacuum chamber 21 located in an upper portion thereof for

35 generating plasma; and a second cylindrical vacuum chamber 22
located under and connected to the first vacuum chamber 21, having
a diameter larger than that of the first vacuum chamber 21. In
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area of the substrate may be | arger than an opening size of each of the
gas -hol es of the plasna-generating-gas supplier in the area for the
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of the plasna- er.ating-gas._suppli . e:la b t ednf he
peri pheral ar e%iﬂﬁ:mn, T Vacub cghf?lg]r'lg?yA%eﬁ%né%?ﬁlﬁ% er%r?é %ﬁ gfér%CT
4 of the poteritiale than in the area for the central area of the

substrate. Preferably, eSShgh ey dj th
invention further irfe} JWREXSY g—ﬁ%ﬁ%é’%@@r%ﬁl ng ne%b@%%glrbgg%%‘g%'r u%ti ng
tEe gas Eo: es p%némmjeasﬂaicgem matderf: gmicyappve penetrable matepialk sugh) vy,
t he gas- hol es obstructing. fe 0 S . [t u e es
of the gas-supfpf @ i %%Dé?%géilﬁgigféé‘}%%ﬂdmn&hﬁl %é?gr%b{'h(e;fh&sp i %ﬂéei?lg?agr ea
of the lsubst r abf .tHenvadaum icomtainer 2 can be maintained at a vacuum. A wave
guide 25 is provided outside of the penetrable window 23. The

wave guide 25 is connected to a high-frequency power source 24,

which can generate a microwaver of for example 2.45 GHz. Then,
10 the microwave generated by the high-frequency power source 24

is introduced into the wave guide 25 by for example a TE mode.

Alternatively, the microwave guided by the TE mode is converted

to a ™ mode in the wave guide 25. Then, the microwave can be

introduced into the first vacuumchamber 21 through the penetrable
15 window 23.

A showerhead 32 as a gas-supplying member for supplying
a plasma-generating gas (for example Ar gas) into the first vacuum
chamber 21 is arranged for example near to an upper end of the
first vacuum chamber 21, that is, just below the penetrable window

20 23. The showerhead 32 is adapted to face a wafer W as a substrate
to be processed placed on a stage 4 described below. The
showerhead 32 is connected to gas nozzles 31 piercing through
a side wall defining the first vacuum chamber 21. The other ends
of the gas nozzles 31 are connected to a gas source such as an

25 Ar gas source not shown.

The showerhead 32 is a disk-like hollow box made of a
crystal. A pluralityof through gas holes 33 are formed in a base
plate thereof. A circular gas-holes obstructing member 34 for
controlling to open and close the gas holes 33 is arranged below

30 the showerhead 32. The invention has a feature in distribution
of opening area of the gas holes of the showerhead 32. The feature
is described in detail as below.

The stage 4 for the wafer is arranged in the second vacuum
chamber 22 to face the first vacuum chamber 21. The stage 4 has

35 an electrostatic chuck 41 in a surface portion thereof.
Electrodes of the electrostatic chuck 41 are connected to a
direct-current power source (not shown) to stick to the wafer
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Al ternativel y, eleetromagnetjeneeil izéiga@,rranged around and near to the side

15 wall defining the first vacuum chamber 21. A circular assistant

electromagnetic coil 27 is arranged below the second vacuum

chamber 22. Exhausting pipes 28 are connected to a base plate

of the second vacuum chamber 22 for example at two positions

symmetric with respect to a central axis of the vacuum chamber
20 22.

Fig.2 shows the base plate of the showerhead 32. 1In the
showerhead 32, an open area of the gas holes 33 per unit area
is larger in a peripheral area of the head than in a central area
thereof. In detail, as shown in Fig.2, the gas holes 33 having

25 the same open size are arranged more densely in a more peripheral
area. A relationship between a distance from a central axis of
the showerhead 32 and an open area of the gas holes 33 per unit
area is such a relationship that, as shown by vector arrows (that
represent velocities of a gas flow) with a numeral sign 30 in

30 Fig.l, velocities of a gas flow of the plasma-generating gas at
an ECR point are uniform with respect to the wafer. In general,
an area where the gas holes are arranged densely is located outside
of a projection W’ (shown by a dotted line in Fig.2) of the wafer
W. However, the area may partly overlap with the projection W’

35 of the wafer W. In the case, a diameter of each of the gas holes
33 is 0.2 to 0.5 mm, because an abnormal discharge may tend to
be easily generated if the diameter is over therange. Inaddition,
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it may be thought that the plasma-generating gas at the ECR point
has a greatest velocity in a central area thereof. Thus,
spatter-etching operation in the central area of the wafer becomes
so strong that an accumulated film has an uneven thickness. The
embodiment prevents the velocity of the plasma-generating gas
from becoming not uniform.

Alternatively, as another example, diameters of the gas
holes 33 may gradually increase in the range of 0.2 to 0.5 mm
from the central area of the showerhead 32 to the peripheral area
thereof. In the case, the number of the gas holes 33 per unit
area may be the same everywhere in the showerhead 32 or may
increase from the central area of the showerhead 32 to the
peripheral area thereof. '

Fig.3 shows a situation wherein a part of gas holes 33 of

the showerhead 32 is obstructed by the gas-holes obstructing

member 34. The gas-holes obstructing member 34 consists of a

plurality of blade-like members, each adjacent two of which |

overlap with each other a little, just like a diaphragm mechanism
in a camera. By adjusting the overlapping condition, a size of
an opening defined by the plurality of blade-like members can
be changed. Thus, in the example shown in Fig.3, although the
gas-holes obstructing member 34 obstructs gas holes arranged on
a most outside circumference, the gas-holes obstructing member
34 may obstruct no gas holes by enlarging the opening thereof
or may obstruct gas holes arranged on a second or third outside
circumference as well by narrowing the opening thereof.

As described above, by controlling a pattern defined by
the gas holes 33, an effective area for blowing the plasma-
generating gas may be adjusted. In general, when a kind of the
plasma-generating gas is changed, a distribution of plasma
dehsity may be changed at the ECR point. In addition, it may be
necessary to change a distribution of the gas flow velocity of
the plasma-generating gas, based on characteristics of a formed
film. In the case, the distribution of the gas flow velocity may
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situation wherein a part of gas hol es of the gas-supplying nenber shown
in Frg.1l is obstructed by a gas-hol es gbstructing nenber;
Fig.4 is an explanatory view for expl aini ng a state of a 10 gas flow at an

ECR point of a _gas processing unit using a s-suppl ying nenber in
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to the outside periphery of the showerhead 32 are suitably
obstructed by the gas-holes obstructing member 34, as shown in
Fig.5(a), a gas flow having an uniform velocity at the ECR point
may be obtained.

15 In addition, when the gas-holes obstructing member 34 is
made of an electric conductor such as a metal, the gas-holes
obstructing member 34 may also have a function to adjust a
penetrable area of the microwave that has penetrated through the
penetrable window 23. -

20 Alternatively, in another example, the gas-holes
obstructing member 34 may be arranged in such a manner the size
of the opening thereof may not be adjusted freely. In the case,
the gas-holes obstructing member 34 can be attached to and removed
from the first vacuum chamber 21. In addition, a plurality of

25 gas-holes obstructing members 34 whose opening sizes are
different from each other may be prepared. Then, one gas-holes
obstructing member may be suitably chosen from the plurality of
gas-holes obstructing members and attached to the first vacuum
chamber 21. |

30 Then, a method for forming a interlayer dielectric film
consisting of a CF film onto a wafer W as a substrate to be
processed by using the unit described above is explained. At
first, a gate valve (not shown) provided at the side wall of the
vacuum container 2 is opened. Aconveyingarm (not shown) conveys

35 a wafer W, which has for example an aluminum circuit on an upper
surface thereof, from the load-lock chamber (not shown) onto the
stage 4. The wafer 4 conveyed onto the stage 4 is electrostaticly



I‘'ncl udes a vacuum contai ner 2 made of for exanple al um num or the |iKke.

The vacuum contai ner 2 consists of a first cylindrical vacuum chanber
21 located in an upper portion thereof forlo’35 generating plasma; and a
second cylindrical vacuum chamber 22 |"ocat ed under and connected to the

first vacuum chanmber 21, hayin a dianeter.larger than that of the
first vacuum cHiRPEtD1the ﬁ\iec%rostatlc chuck"41. 6

| dei tion, tge }/aClﬁurrmnem ahecgate kralﬁgdlﬁ"ldbdséd), hbatnigethe insidetefitthel .
\n upper end of the vacuum contai.ne S openi ng. penet.r a

wi ndow 23 made VBFUER nFORNGHIRRY éeﬂ'ét ?‘ﬁﬁnﬁgﬁﬁﬁgﬁ éﬁ?&%ﬂ éTh%&’ a?eagr v& tagthgi s
sea![ ingly f2i tt@.ﬁgﬁ.ﬂe idfetigp oacaan cohuainan 2i :E:A\a;ieﬁhausted)ffrbine:hmmanstingd
cont ai ner can . be nt ai.n al_ a vacuu wave | de 25, i i;,ded
out si de of ?hePpBR&t Iaé‘q/\ﬁ Qopsige “'I“#e@le vaRe ‘g‘ﬁ?‘é‘%ﬂ&% ?siﬁoérno?&%\é to
? hi gh- f rlequgnza;g @Weﬁemﬁ:ﬂed&acuum. whiftbr ctimtge aepsmas-generatinvg gast
or exanple 2. . Then, 10 .the mcr e d e

hi gh- f requencysHS&g‘zss%r 2% ln@r?cg‘lqﬁ\ﬁlggécgﬁgi ﬁ’%%)sq-t Pl}e%}éﬁ/am\;/lec%aunl'b & 25 by
for exanpl e a througk.the pléishargasinezzle Bleandca PRV lgufdeniny gase i5E
mode |s converted gucéd f‘roRMtEgdfim-fc;l?ni%VSagué\?ﬁpl%;img-rﬂgﬂbef "© into

ni crowave can B&
10 the second vacuum chamber 22 at a predetermined flow rate. The

pattern of the gas holes, which is determined by a distribution

of the gas holes 33 in the showerhead 32 and an arrangement of

the gas-holes obstructing member 34, is adjusted most suitably

in advance, based on preparatory experiments and/or process data
15 in the past and so on.

Then, the inside of the vacuum container 2 is maintained
at a predetermined process pressure. The high-frequency power
source 42 applies a bias voltage of 13.56 MHz and 1500 W to the
stage 4. In addition, a temperature of the upper surface of the

20 stage 4 is set to about 400 °C.

The high-frequency wave (microwave) of 2.45 GHz from the
high-frequency power source 24 is introduced into the first vacuum
chamber 21 through the wave guide 25 and through the penetrable
window 23 at a ceiling'of the vacuum container 2. In thecontainer

25 2, the electromagnetic coils 26 and 27 form a magnetic field in
a direction from an upper portion of the first vacuum chamber
21 toward a lower portion of the second vacuum chamber 22. For
example, a strength of the magnetic field at a lower portion of
the first vacuum chamber 21 is 875 gauss. Then, an electric

30 cyclotron resonance is generated by an interaction between the
magnetic field and the microwave. The resonance causes the Ar
gas to become plasma and to be much dense. A plasma flow flowing
from the first vacuum chamber 21 into the second vacuum chamber
22 activates the CF gas supplied thereinto to make activated seeds

35 and to form a CF film on the wafer W.

In a case of manufacturing actual devices, after that, the
CF film may be etched with a predetermined pattern by means of



introduced into the first vacuum chanmber 21 t hrough the penetrable 15

wi ndow 23. " A showerhead 32 as a gas-supplying nenber for
supplyi ng ‘a plasna-generating gas (for,.exanple Ar gas) into the first
vacuum chanmber 21 is arranged for exar?p]1 e near to an upper end of the

first vacuum chanmber 21, ;that is,, just bel OV\ilt he pen trabie i ndow 2 23.
The shower headaFredeteamined qtehigganeans, such\Re,Q: épiﬁﬁ'g? at £0F EXqMP15a

proces?‘eg 'Pl acwdfgmglngﬁg% ﬂ,uggégrirb%%dmaowroéﬁﬂes tod fianar Weair&2it s
connecte 0 gas nozzles 31 piercing throu . si de wa def i ni the
first vacuum chanberAE‘?L‘?rq‘Hé)Gf’h*épee?R&"e eﬂng’Wﬁ&ga?W&H‘%ss wephiead
connected to ajzgagsStrdfifyed'in 8GchM dfanndr Yhat sthe openotreaocsd).the gas
The showerhead 32 is a disk-1lijke hol,l ow box nad

of a. rystal .. A
plurality of tRPEERPHREThEPLE 3L lE 13T A Jirhggebﬁ?elpheraip%ﬁ?% Hh&PEorf .
A circul ar gashbgieshfibihr thé iceamtialberes34héeeof, it maptbeprewgnted dgmt and
cl ose the gas holes 33_i e-‘%??‘}%l')‘ow 30 , the sh%?werhead 32..,T

i nvention has 4DPPe3A% éof’r&%&gggl? generatiig gas peQoms RIow At %’S 58
ho: es of the sh@a@rﬁteaﬁeaaasiﬁb?ﬁm#a@f fthe firstdeacwin eliainber @lai | Thass,
D el sty bR B e R ke A U 3R
35 an el ecis ostcahilse ahiférd with respectdoe thentafer WheThos, a gas fEbwatatedes
o e elect [ O5Lal L3 Wil S0 GURSHESH i e unisdh SR AN
W, spatter-etching effect on the surface of the wafer W can be
uniform, and the thickness of the film accumulated on the wafer
W can be uniform in a radial direction of the wafer W.
15 In addition, according to the above embodiment, even when
a material of an accumulated film or a kind of the plasma-
generating gas is changed, a gas flow having a uniform flow
velocity can be obtained by adjusting the pattern of the gas holes
by means of the gas-holes obstructing member 34. Thus, there is
20 no need to prepare a plurality of showerhead which have various
patterns of the gas holes. Thus, films of various materials can
be accumulated by using various kinds of plasma-generating gas
at small cost.
Another example of an embodiment according to the invention
25 1is shown in Figs.6 to 8. The plasma prbcessing unit is different
from the unit shown in Figs.l to 3, in that a gas-ring 62 is
provided as a ring-like gas supplying member instead of the
showerhead 32 and that the gas-holes obstructing member 34 is
omitted. Other structure is the same as the example shown in
30 Figs.l to 3 and described above. Thus, the same numeral
references correspond to the same elements as the example shown
in Figs.l to 3. The detailed explanation of the same elements
is not repeated.
As shown in Fig.7, the gas-ring 62 consists of a hollow
35 ring-like box surrounding an effective area of the penetrable
window 23 (an area designated by a diameter d in Fig.6). A
plurality of gas holes 63 are formed in a base plate of the gas-ring



T and to a high-frequency power source 42 for applying a bias voltage
to draw ions up to the wafer. A circular filmform ng-gas
supplyi ng menber 51 is provided at an upper portion of the second
vacuum chanber 22, 5 that is, at a conneck ng portion of the second vacuum
chanber 22 and the first vacuum chamber 21. The filmformn

- gas
suppl yi ng menb62. 5 Thenplurrl ¥er ofxgap| kolkpss 63uppe\arkpngeseJush below theyng
gas holes 54 fPéH@E‘rélS!Lé‘th&édvdB %arf@a@ al ﬁf&ﬁ@fmc'iﬁﬁmg arFﬁBgB}: Surlfiee

kinds of filmformng gases are sup rou respective gas
suppl yi ng pi pegfsthe watexijin, The @%198553 r1§n¢onneqt;ﬁ§1 20002 Iaaﬁd§°‘b¥ce of

filmform ng gﬁéeéaé %ﬁﬁﬁ@'lﬁﬂa ‘tﬁ&:@u%ﬂ%ﬁéagﬁﬁ%ozzlé’é)ﬁ‘la' e éaé’i-ﬁlﬁé‘%zgas
hol es 54. magnet i c- f form™ng neans such as a“circular nmain

el ect r omagriet i és@sde %all%et@rlr%aﬁd-néﬂlééﬁéloaﬁ&cheaeﬁratcé'Yﬁﬁélsl Acdimens jom,

defining the fbfséhé’@i‘éﬂl&éhmﬁr Bé - atdut 190/, o exdidle if an inside
el ectromagnetic coil 27 is arranged bel ow the second yvacuum chamber 22.

Exhausting pi pedapgtexr O ofkbet %%Fﬁib vacyuRechamber 21 1g723G,amse BhAE Vifeuum

chamber 22 for jgxen@kasal thdinesdd Icﬁaﬁeter aHaERé rdnﬁs\ifdtafumw of ¢he
central axis of the, va86uum cha shows, t he base

plate of the sH8fEFLRIPRATrY ﬁgBHE 1590 ’%‘héwgr requt 3250 &W'oﬁéﬁpﬁ?'%hv@fy't he
gas hol es 88 per unithargss holesS63 magche iarrangedi Hheuch amddner et Agad

than in a cent rglenaggga of the gas holes 63 per unit area is larger in a
per1pheral area, that is, in an outside area than in a central
area, that is, an inside area. Alternatively, the gas holes 63
may be arranged in such a manner that an open area of the gas

15 holes 63 per unit area is the same everywhere in the gas-ring
62.

By supplying the plasma-generating gas into the first
vacuum chamber 21 by means of the gas-ring 62, the plasma-
generating gas flows downward from a peripheral area of the first

20 vacuum chamber 21. Thus, a gas density at a central area near
to the gas-ring 62 is small. Combination of this fact and the
fact that a gas flow tends to have a larger velocity in a central
area than in a peripheral area at the ECR point causes the flow
velocity of the plasma-generating gas at the ECR point to be

25 uniform with respect to the wafer W, as shown by vector arrows
60 (which represent velocities of the gas flow) in Fig.6.

As shown in Fig.8, a ring~like gas-holes obstructing member
64 may be arranged below the gas-ring 62 in order to control to
open and close the gas holes 63. The gas-holes obstructing membexr

30 64 is the same as the gas-hole obstructing member 34 described
above. Thus, a pattern of the gas holes 63 can be adjusted, based
on a material of an accumulated film or a kind of the
plasma-generating gas. Then, a distribution of the gas flow
velocity may be revised, and a planned distribution of plasma

35 density may be obtained at the ECR point.

According to the embodiment shown in Figs.6 to 8, a gas
flow rate per unit time and per unit area can be uniform above



t-’Herébf. In detail, as shown in Fig.2, the gas holes 33 having 25 the sane

open size are arranged nore densely in a nore peripheral area. A
rel ati onshi p 'between a di stance froma ceqﬂ;a] axi s of t he shower head
32 and an open area of the gas holes 33 péer unit area is such a

rel ationship that, as shown vector,arr t hat represeng. vel gqcities
of a gas. 11 bw) COFIFRLET RrAbattergrtahifd: SHfeck: of the enbERis BE the Falft
flow of the EI wse?n RN @haEbhad, gal’:lﬁi ghe thiclaressCBEpthetfidme avoufalated bh
respect to the wafer, In_general, . an area re the.gas l.es _ar.
arranged densel}hei€ater i g’é‘noé?s‘?%l’emm in,a ﬁa‘#%][eéﬁﬁegﬁla? ?E%CRI% Weeg
dot t Fd i r\ehi ntr:]wl.:i ar? hdditide, winee t?e %aw-ﬂ-jmgef 62ris tmhawgea ouys e tthe
overlap with the ojection W 35  of the wafer W_In_the gase .a dianeter
of each of %hepsa§£ﬁ%“|> window ,igh%p%cg8wavgwn%teggﬁ§eﬁm?%gﬂ

di scharge may bapglying membée. e@hus y ity bé pieventod thatrefilmiis formed: he
range. | n additi op_ 1x3 8 a

di stance from e BRIRT 3R g}ngom%erECR point is 220 mm | f
usi ng a shower head whar ¢he aboveecembudiments hthgaexhalstsing pijespamayuivet

Thought tnat 1 REPAGErL. Qe ARl BRECRIE oF heRiBeniell gt el el

vel ocity i10a centaihery aadttiher ebéctrofiagnetic coil for forming the magnetic

Q)

fieldmay be provided in a side area of thewave gquide. Inaddition,
this invention may be applied to not only the unit for conducting
a film-forming process but also various units for processing a
substrate with plasma such as an etcher for etching a substrate
15 with plasma made of CF gas. In addition, this invention may be
applied to not only the case of processing a substrate with plasma
but also a case of decomposing a process gas with heat to form
activated seeds and to form f£ilms by using the activated seeds.
In addition, this invention is not limited to the manner
20 of generating plasma by ECR. For example, this invention may be
applied to a case of generating plasma by a method called ICP
(Inductive Coupled Piasma) wherein a coil wound around a dome-like
container gives an electric field and amagnetic field to a process
gas. This invention may also be applied to a case of generating
25 plasma by an interaction of a helicon wave of for example 13.56
MHz and a magnetic field by formed by a magnetic coil, which plasma
is called helicon-wave plasma. This invention may also be
applied to a case of generating plasma by applying a magnetic
field to two parallel cathodes in a substantially parallel manner,
30 which plasma is called magnetron plasma. This invention may also
be applied to a case of generating plasma by applying a
high-frequency electric power between electrodes facing with
each other, which are called parallel-plates.
In this invention, a substrate is not limited to the wafer,
35 but may be a glass substrate for a liquid crystal display.
As described above, according to a feature of the invention,
the process gas is supplied more in the outside area than in the



spatter-etching operation in the central area of the wafer becones SO
strong that an accunulated film has an uneven thickness. The enbodi nent
prevents the velocity of the plasma-gener ng gas from becom ng not
uniform 10 : Al ternatively, as anot r exanple dianeters of the gas

holes 33 ma radual ly increase_ in the range of O. m t he
central ar e; g?ermaals RE&®er Feol the g3s @H&Pﬂ%ﬁ%r’w&ﬁ Y’]éhc’h is ?ﬁE?’é%?é)

the case, the gupbeitidn ithe faae tRé afubbiraee opid planeaféﬁt&eﬁﬂéd bsxdmeth&ane
everywhere in the showerhead 32 or ease ron1tge central_area

of the shower h84bskpate, (Thus, a Sb’érfiaﬁ\é@]fg\‘h%ﬁg St¥RteGan undergo a unifary 3
shows a S|tuatBQac§m§re|n a part of gas holes 33 of t he shower head 32
is obstructed by the gas-hol es obstructing menber 34. The gas-hol es
obstructindsnenber 34 consists of a 20 plurality of blade-like nenbers,
each adjacent two of which overlap with each other a little, just like
a di aphragm nechani sm in a canera. By adjusting the overl apping
condition, a size of an opening defined by the plurality of blade- li ke
menbers can be changed. Thus, in the exanple shown in Fig.3, although
the 25 gas-hol es obstructing nenber 34 obstructs gas hol es arranged on

a nost outside circunference, the gas-holes obstructing nenber = 34 may
obstruct no gas holes by enlarging the opening thereof or nmay obstruct
gas holes arranged on a second or third outside. ci rcunference as well
by narrow ng the opening thereof. 30 As descri bed above, by
controlling a pattern defined by the gas holes 33, an effective area
for bl ow ng the plasna- generating gas may be adjusted. In general,
when a kind of the pl asma- generating gas i s changed, a distribution of
pl asma



d"én'si‘-t‘y may be changed at the ECR point. In addition, it may be 35
necessary to change a distribution of the gas flow vel oCity of t he
pl asma- generating gas, based on char acter\lﬂﬁ/l cs of a forrﬁgSheetHafshLémRelLl&ed

the case, the distribution of the gas flo elocity may

9 be revi Q?% not changi ng the shower head 32 but ad“m |wuw
pattern of thezég bles by nmeans of the gas- hol es obstruc

34. Thus, a pl aoned gi gasllknﬁdes@;m @hﬁsr&bn(iﬂﬁsllhg nay be obt ai ned at

the ECR point. In detal gas_hol es 33 5n e outside

per i phers of the shoﬁle?{:l%%%l %”Zwéllghn‘atsu straf& FaBt ﬁ ffs"%‘ﬂom by vector
arrows 37 in Fig. 5(b}a,vatdmamg&mtamei:lmwunﬁliﬁgrﬂlﬁsmg@,mh@ée Iitﬁﬁﬁdé cah the
ECR poi nt nay have reat velocity at an area near to the

per i Bhery ra%lhg? ?’ﬁ%‘}uuced aatvagu'd%ht? area. Then, a thickness of a film
accunul at ed on 10 tae;aaa-bappwmgnhmbenmwinglanptLhEal:ms;eofldas helgasoltol es

obst  uct ed by PRESHLANE BiSeRERe e Erfr o ohs bk ate Riserg o, the stagk,
5(a), a gas fl ow havwherein uanf opanmnd_;odenylay blﬁe HHeR gas nholes o8y the
iogt ained. 15 gas-supﬂi}i%%dh&@& ighﬂlaatt@: %%’nhglrgg f%?‘sé rplé%tibﬂgrgf r<I=1breera 34
of the substrate than in an area for a central area of the
substrate.
2. A gas processing unit according to claim 1, wherein:
an opening size of each of the gas holes in the area for
the peripheral area of the substrate is larger than an opening
size of each of the gas holes in the area for the central area
of the substrate. _
3. A gas processing unit according to claim 1, wherein:

a number of the gas holes is larger in the area for the
peripheral area of the substrate than in the area for the central
area of the substrate.

4. A gas processing unit according to claim 1, further
comprising:

a gas-holes obstructing member for obstructing the gas
holes. |
5. A gas processing unit according to claim 4, wherein:

the gas-holes obstructing member is adapted to obstruct
the gas holes of the gas-supplying member in the area for the
peripheral area of the substrate.

6. A gas processing unit according to claim 4, wherein:
the gas-holes obstructing member is exchangeable.

7. A gas processing unit according to claim 4, wherein:
the gas-holes obstructing member can be adjusted to change

the gas holes obstructed thereby. |

8. A gas processing unit according to claim 7, wherein:
the gas-holes obstrticting member has a plurality of

blade-like members overlapping in an adjustable manner.

9. A gas processing unit according to claim 1, further
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made of an electric conductor such as a netal, the gas-hol ;' Kplaced

e _
obstructing nenmber 34 may al so have a function to adjust aﬂ”wug M,HHM
area of the m crowave that has penetrated féwough t he glow

23. 20 Alternatively, in another  exanple, the gas-holes
obstructing nenber 34 may be arranged in such a manner the size of the
openi ng t her eoCMRY1ABRIbe adjusted freely. In the case, t he gas- hol es

obstructing nenber 34 gidrdfave! pardtadble witowehexmest ically arrdiged insn
vacuum chanber 21. .In additjqn, E plural i Hf)‘g%f .25 s- hal %?? ogstructi n
member s 34 vhoSbeBad; forusd a2 sRe vacui chotaiiSr s drhe HmIRH, SO MY
prepared. Thensupgergbs-plick®l on thésstayd, ng menber may be suitably chosen
fromthe plurality of gas; hol es obstr.u tiﬁgemanbers ang_ attached 1:tho t he
first vacuum chafp¥RVe9uige connected tq the WG COPLALDGE y1d, the
interlayer di emfieirbivavé ipefletrablewindowfiprofntrddudingna mitpowavefiatowrss a
substrate to be processed b sing the unit described above is

expl ai ned. At Vacuf’*“rg?l,lt%\”beft'e%?i ve (not shown) provided at the side wall
of the vacuum coi mageet it-ifiedfefmrining meane fioxygenerdtirig ahmagnetic

pper - surt A PhdpcbHe el KBENIRLC "Chamber (not shown) onto the
stage 4. The waf er 4whemeindarheogas priocessing uhiitsislasapted: to igengrate an
electron cyclotron resonance in the vacuum container by an
interaction of the microwave introduced through the wave guide
and the magnetic field, to change the process gas into a plasma
and to process the substrate by the plasma.
10. A gas processing unit according to claim 9, wherein:
the gas-supplying member is made of a microwave penetrable
material.
11. A gas processing unit according to claim 9, further
comprisings:
a gas-holes obstructing member made of an electric
conductor for obstructing the gas holes.
12. A gas processing unit according to claim 9, wherein:
the gas holes are arranged in a space between the microwave
penetrable window and the substrate placed on the stage and in
a plane parallel to the substrate.
13. A gas processing unit according to claim 9, wherein:
the gas holes are arranged in a substantially peripheral
area of a space between the microwave penetrable window and the
substrate placed on the stage and in a plane parallel to the
substrate.
14. A gas processing unit according to claim 1, wherein:
the stage is adapted to be placed a substantially circular
substrate,
the gas holes are arranged in a plane parallel to the
substrate, and '
the vacuum container has a substantially cylindrical shape
at least at a portion provided with the gas holes.
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0 - stuck to the electrostatic chuck 41. Then, the gate val ve

is closed, that is, the inside of the vacuum container 2 is
hermetically closed. Then, gas in the ijsi de of the vacuum contai ner 2
is exhausted fromthe exhausting 5 pipes , and the inside of the vacuum

container 2 is_produced to a predeterm ned vacuu Atter that

pl asna- gener at Ay gad 938 §E€ﬁe§§E¥9 BﬁétiécFﬂfng%cgé Fﬁ?&mthé fgqiiher
vacuum chanber cdgprisindl ough the plasma-gas nozzle 31 and a CF
filmformng gas Is i ntroduced fromthe fil.mform ng gas supplying
menber 51 into 10 tAB SECHING PTOGERFLRAGMRMAISE: o predetermi ned flow
rate. The nelter p Qfast Prozesshngeanivhiackordingt eoncladmbyl ,a further

di stribution of .the gas holes 33 in the showerhead 32 and an
arrangenent of COMPILHNGRS_ hol es obstructing nember 34, is adj usted nost
sui tably i . advaaceilmasathion propessimy meeshaaisment s and/ or process
data 15 in the past and so on. Then, the inside of the vacuum
container 2 is maintained at a predeterm ned process pressure. The

hi gh-frequency power source 42 applies a bias voltage of 13.56 MHz and
1500 Wto the stage 4. In addition, a tenperature of the upper surface
of the 20 stage 4 is set to about 400 [err]C The

hi gh-frequency wave (m crowave) of 2.45 GHz fromthe hi gh-frequency
power source 24 is introduced into the first vacuum chanmber 21 through
t he wave guide 25 and through the penetrable wi ndow 23 at a ceiling of
the vacuum container 2. In the container 25 2, the electromagnetic coils
26 and 27 forma nmagnetic field in
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a direction froman upper portion of the first vacuum chanber 21 toward
a lower portion of the second vacuum chanber 22. For exanpl e, a
strength of the magnetic field at a | ower gortion of the first vacuum
chanber 21 is 875 gauss. Then, an electric 30 cyclotron resonance is
generated by an interaction between the netic field and the

m crowave. The resonance causes the Ar ABS":|:5@gto becone plasma and to be
much dense. A pl asmaxhl avwgéé cpjomgzssmgfumntt&mccfﬁdﬁs:g tactben tinenirionziai nt o

t he second vacu e &0 to
make activated® Qﬂﬂg %%‘faar?dhﬁglflg sa\f%i%%l Itargﬂ oﬁ vva %?Eaﬁge&hﬁ{ Sk I n
a case of rranufaamannemghattm openlmgeslenaﬁ.tprpe:l.‘nan;.t ténea is Jerger! bn e be

etched with a predefermned pattecn
predet er ni n%d Eﬁph 35? t&\ée égﬁ%j nglr:raen%e&‘ JuSt beloy,

films may be burpatétnab&ta(menﬂoyrzmteiat:e awaﬁeawv A gesn-holes obstructlng

Al di to the ab 3
' such 3 mannBEPRR: 5 HF SHERTAPd Seif 53ies sROGEPRGRT 32, for CohErdITARICT
| arger in the peropéeaad clese dhet das holeaeb;ﬂ- t Bawsi & uhitfe@ampraress qan
thereof, it maéeb oMY €4 & Bdtface of'e sUBStLL LY sHbnt &¢ a%@fé?b?q{ﬁrﬁgt I 'ng

gas becone slo an ar ea
10 plasma.



near :t‘o the”inside surface of the first vacuum chanber 21. Thus, t he
flow velocity of the plasFargtnameridmegtgander Atie. B@RofoPAT 10 can be

uniformwith respect to the wafer W Thus,, a gas flow rate per unit-
time and per unit area can be uniform above the wafer W
spatter-etching effect on the surface of the wafer Wcan be uni form

and the thicknagg, %&o&rﬁ?gf%c])ﬂ?ﬂv?{z@@ﬁ' %h@dp?ﬁetl%‘s V@fﬁ filrger véieaitpeatiM form

in a radial direction o tion, according to
the above enbowEntaal, axesefikba plasmag mwtwngwhmb%éamﬁ%é &lsmalklelr a

kind of the plasigRicy at G63E8h féhtastouidangtde fuitted | OhAYi0dcan

uni form fl ow mtghcan be obtained by adjusting the attern of the

gas hol es he theaghtothah et gar|fdowoptt FetECR P@ﬁ’é’ema§4a graateshere
s 20 ?eecbél%cﬁrt P&t €a %eﬂtﬁil éfé/a @s §heeoﬁr$;ea&1éﬂk}éehobaaﬁmr 18Un

patterns (0] gas holes. Thus, filnms of various materials can

accunul at ed byFigi%g IV&lrlFf§6§eR¢‘ﬁd§f the m@&ﬁ’d—té@ﬁe‘?@t"‘f%j‘ §hg central QWI
cost. and Anat p@n@é&rml 8ré&4 g%ntﬁém pBAht AP D8rdér When the

invention 25 is shown in g .6 to The pl asma processing unit is
di fferent wahermhaged hAEIFhAWFSn Figs.1 to 3, in that a gas-ring 62 is

provided as a ring-|ikeigas gemstatiody ivenRs nssmdpﬁécéém are cﬁaﬁg@dhead

32 and that th hol o5 obe et
Struct ure s (BRFSEHESas THE cHIR '“ga}aﬁaeﬁ 39S et WatTle hORRd | pog

above. Thus, Weth&amgmm eflleld. AtetRaenine ,Cohe eupply 60 tﬁ@mmans

el enent s asthe ex | e |nF s.1 ta.3. ,The etal | anati on
of the sane e|%‘?¥é%?gg atser @nq‘ﬁﬁenflép%ré Z‘g ve OC1tY aist F%@

the gas-ring GﬂomasnsltesEOR poimtd.| hatSisy iangeoluke olfokhelsuppmmeldmg: ions
effective ar ea(&[artdéﬁ nggléfgé )e per unit time and unit area is larger at a

15 central area of the wafer. Thus, in the area, the CF gas may be

easily decomposed to generate F (fluorine). The generated F
operates to etch the CF film accumulated on the surface of the
wafer. Thus, the etching effect is greater in the central area
of the wafer than in the peripheral area thereof. That is, the
20 CF film is thinner in the central area of the wafer.
' This invention is intended to solve the above problem
effectively. The object of this invention is to provide a gas
processing unit, which can conduct a uniform process to a surface

of a substrate such as a wafer by using a process gas.
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window 23 (&n area designated by a dianeter d in Fig.6). A plurality of
gas “hol'es 63 are formed iR gseaﬁﬁemr& ehdbbenses-34 E pcT

12 ° 62. The plurality of gas holes 63 are arranged just bel ow the
penetrabl e wi ndow 23 to face a pl ane |ncI3¢Eng an upper surface of the
wafer W The gas-ring 62 |s connected to a gas source of Ar gas or the
| i ke through th
i nsul ation suct
about 190 mm
chanber 21 is 250
out si de di anmet’el
respectively.

that an 5 Op i QS £E ol MUY iR a8 hfed ina
peri pheral "area,” t : tsIde T ar ea,
that is, an inside area. Alternatively, the gas holes 63 may be
arranged in such a manner that an open area of the gas 15 holes 63 per
unit area is the same everywhere in the gas-ring 62. By

suppl ying the plasma-generating gas into the first



vacudi chanber 21 by neans of the gas-ri ng 62, the asna- generati ng
gas ‘f| ows downward from aFAEST phieengmente ander { Ak ¢ ﬁ%sto“-ZB CTyacuum chanber
21. Thus, a gas density at a central area near to the gas-ring 62 is
smal | . Oorrbi nation of this fact and the 4 fact that a gas flow tends to
have a larger velocity in a central area than in a perr pheral area at
t he ECR po|nt of ithes suhetfate 3| BR¢tares HE QERLIG LS50 5
t he ECR poi nt é&%umformwth respect to the vvafer W as shovvn by
vector arrows i ch represent vel ocrtles of the gas flow) in F|g 6.
As shown in Fig.8, &naheyab pasgam| progessing + MAL magscexrd B
arranged bel o | |
t he gas hol es )
t he gas- holSe oblks

the gas holes 63 canp f@f&%bggt %e%%a oles éﬁb&d&hﬁb' ﬁén@ér i aaagﬁaaat ed

filmor a kind of th sSna- erating gas. Then, a distribution of

the gas flow to obstract )ihﬁrﬂﬂﬁ)lio %-‘t'rpsfeﬁle SA8-SUpP BHNGMETReR P heATER
plasma 35 detrlﬁés)%ﬂi\z:% b@hé’tﬁé’?c‘ ?ﬁ@rﬁl dhéa %@Rtﬁe'éﬁbstrate. In ae§eidhpg to

t he enbodi nen | ow rat e, unit tipe and

per unit area pge;fq;@h}m,f ggq, Wles ogstructlng member i exchangeable.
13 10 In addition, preferably, the gas-holes obstructing member can

be adjusted to change the gas holes obstructed thereby. For
example, the gas-holes obstructing member may have a plurality
of blade-like members overlapping in an adjustable manner.
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the wafer W spatter-etching effect on the surface of the wafer W can
be uniform and the thi ckFagstAmendment] BndeE Ak at3dd 95 FCT  the wafer W'
can'be uniformin a radial direction of t4g wafer W In addition, since
the gas-ring 62 is arranged outside the 5 penetrable w ndow 23, the

m crowave may not pass through the gas suppl yi menber. Thus, it may
be prevented tgubistantibidypeériphexal areao Sna sween he magrowave
In the above eghodi '
bottom porti orf ;
el ectromagnet i havenitd AL QL Gas RUESLE3Clng L L i Dc
fierdnaybepro§&gag&ﬂ€ihg?é§?%ofthemaveguide. | naddi ti on, this invention
may be applie 0 not only e unit for conducting a filmformng
process but al so various units for processing a substrate with plasm
such as an etcher for etching a substrate 15 wth plasma nade of CF gas.
In addition, this invention may be applied to not only the case of
processing a substrate with plasm but al so a case of deconposing a
process gas with heat to form activated seeds and to formfilns by
using the activated seeds. In addition, this invention is not
limted to the manner 20 of generating plasma by ECR For exanple, this

i nventi on may be applied to a case of generating plasm by a nethod
called ICP (I'nductive Coupled Plasm) wherein a coil wound around a
done- | i ke container gives an electric field and a magnetic field to a
process gas. This invention nmay al so be applied to a case of generating
25 plasma by an interaction of a helicon wave of for exanple 13.56 VHz
and a magnetic field by formed by a nagnetic coil, which plasm IS

call ed helicon-wave plasma. This invention may al so be




appl [ ed to a4 case of generating plasma by applyi ng a magnetic field to

two parallel cathodes in & %%Qsm&aﬁé v Rk hf*: NBANEE pcadd  Which plasna

is called magnetron plasma.” ThiS Tnvention may be applied to a

case of generating plasma by applying a 15 h| gh- frequency el ectric power

bet ween el ectrodes facing with each ot her, which are cal | B Sheet Has Been Replaced
paral |l el -pl at es, In this invention, a substrate is
to the wafer, SHATNS & may be a gl ass substrate for a liquid cr BI'I“I[‘ mm II
di spl ay. 1. (Amediedqskrgdeprebessingamirtdicomprdsingpeat ur e

I nventi on, the process gas_is .suppli re_1n .t | de area than in
t he a stage 0 which qub%%fg%seﬁ??al?gy%;é om t he gas
suppl yi ng nmenber whi &racaunicomgénensurrpondingthectayeg whoseihsidetanor a

pl ane ext ended from%‘ﬁ?gggbggrate Thus, a surface of the substrate can
undergo a uni fBF

a plasma-generating-gas supplier having a plurality of gas
holes, which can introduce a gas for generating a plasma in the
vacuum container, and

a process-gas supplier that can introduce a process gas
for conducting a predetermined plasma process to the substrate
in the vacuum container,

wherein an opening density of the gas holes of the
plasma-generating-gas supplier is greater in an area for a
peripheral area of the substrate than in an area for a central
area of the substrate. '

2. (Amended) A gas processing unit according to claim 1, wherein:
_ an opening size of each of the gas holes of the
plasma-generating-gas suppliei' in the area for the peripheral
area of the substrate is larger than an opening size of each of
the gas holes of the plasma-generating-gas supplier in the area
for the central area of the substrate.

3. (amended) A gas processing unit according to claim 1, whereins:

a number of the gas holes of the plasma-generating-gas
supplier is larger in the area for the peripheral area of the
substrate than in the area for the central area of the substrate.
4. (Amended) A gas processing unit according to claim 1, further
comprising:

a gas-holes obstructing member for obstructing the gae
holes of the plasma-generating-gas supplier.

5. A gas processing unit according to claim 4, wherein:
the gas-holes obstructing member is adapted to obetruct

the gas holes of the gas-supplying member in the area for the

.peripheral area of the substrate. |

6. A gas processing unit according to claim 4, wherein:
the gas-holes obstructing member is exchangeable.

7. A gas processing unit according to claim 4, wherein:

7S SHEET HAS BEEN |
] O i e sfm‘_s__u?u.exceu ]
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second Amendnent_ undar Art. 34 of PCT 15

CLAI i Sndet & nded), BBl ARGRS LAGel thbt COPCES bES: a stage
on whi can bé placed, a vacuum contai ner surrounding
the ﬁﬂ i de can be produced albacuum a

pl asmé-'gener ati ng-gas supplier having a plurality of gas holes, which can

I ntroduce a gas for generati a plasmg .in the vacuum coqt ainer

a process-gas suppl i eﬂﬁ%‘fh‘g]%? ?ﬁ?trla%ﬁ?@é‘gd“ e%%ng] sa$%%t%§n%§ﬁgﬂgea
predet er m ned ghésgis holesssbstridtedsthetrelye i n the vacuum cont ai ner,
wherein an opeping density of the gas .holes of.ih I -ge lN0- gas
supplier is gr@at erd]‘?rﬁafn%’ﬁpgﬁs?b?gé"ﬂ& Fﬁﬁgféfﬁ%&eog cg‘%q@hg'g‘g%%%ér%?e t han
in an area for a centhel gag<olefs tdlsstamottingt membed thas a plurality of

pl asma- gener atj ng: gas,.supplijer and th [ QCESS- . b er eparately
arranged. 2. (%ﬁ'@dﬂ‘%ﬁlgﬂéeﬁ oc‘@'éiaﬁ’ggﬂﬁifﬁa ’gga?"aﬁ‘%gg %gc'f"%’l{frﬁr}, wher ei n:
an openi ng si zg. ofAreacied)fA ighs maxcessling wiitt accptdinytgeiadm 1 hFugsber
supplier in the area for the peripheral area of the substrate is |arger

t han an openi nﬁorgﬁ’?esw:each of the gas holes of the plasma-generating-gas
supplier in the areaafdcrowave penetrablewiofovihermebicadly arZangeduimian) A

gas processi ngoﬂ&{nf%%ghn%t&& lv%icm:ﬁv c&‘ﬂf‘e{ﬂé}, the window facing the

substrate,

a wave guide connected to the vacuum container via the
microwave penetrable window for introducing a microwave into the
vacuum container, and

a magnetic-field forming means for generating a magnetic
field in the vacuum container, ,

wherein the gas processing unit is adapted to generate an
electron cyclotron resonance between the plasma-generating-gas
supplier and the process-gas supplier in the vacuum container
by an interaction of the microwave introduced through the wave
guide and the magnetic field, to change the process gas into a
plasma and to process the substrate by the plasma.

10. (Amended) A gas processing unit according to claim 9, wherein:
the plasma-generating-gas supplier is made of a microwave

penetrable material. '

11. (Amended) A gas processing unit according to claim 9, further

comprising: _

a gas-holes obstructing member made of an electric
conductor for obstructing the gas holes of the plasma-
generating-gas supplier.

12. (Amended) A gas processing unit according to claim 9, wherein:
the gas holes of the plasma-generating-gas supplier are

arranged in a space between the microwave penetrable window and

the substrate placed on the stage and in a plane parallel to the

substrate.

13. (Amended) A gas processing unit according toclaim9, wheréin:

the plasma-generating-gas supplier is formed by a

| (T SaeET FAS BEEN.
LT R sgegmﬁﬂ _




a'-'m}r;ber of "the gas hol es of the plasma-generating-gas supplier is |arger

in the area for the peri pt}&rr?lta&égﬁ%%?é&glggggéiigtﬁ t(;'fari,d',_tn the area for

thie central area of the substr gas procéssing unit
according to claim1, further conprising: 17 a gas-hol es obstructing
menber for obstructing the gas holes of the plasnma-generating-gas supplier.

5. A gas progessing unjt according tq .claimd4é erein. . the

gas- hol es obst?%ﬁ‘ﬁrﬁ%&%" E‘gxzﬁféﬁggﬂgtw %ﬁ%ﬁ&é&%ﬂﬁ)@g&rﬁg’{%&ﬂﬁrﬁe
gas- suppl yi ng sEnhespadet betweern 'gh)é mita:qmvl 'epf;mndvi\:hrabﬂ:e windbw andsthet e.
6. A gas processi unit accqrding.to clagim4 rein. t he

gas- hol oo obot PURT IR S Ehased o g Rbagenppd Has tnd Biutaliey of gag Birgs
Anendrment undefading the shbPtifate in a base portion thereof. 16 7. A
gas processing,ynit accordi \ s- hol es

obstructing nefber canddk P&(%%E%géﬁlg?‘é‘r?cﬁaﬂ?\ég%?ﬁégggg ‘??cﬁ’é'tb qﬁb@ﬁ?ﬁ%’r’éﬁ
t her eby. 8. A gasthe stageiisgadaptedito dedpbacéd adubstantiahdy e@ircular
t he gas- hol es g\?ﬁé{fja(%ei,ng menber has a plurality of
the gas holes are arranged in a plane parallel to the
substrate, and ' '
the vacuum container has a substantially cylindrical shape
at least at a portion provided with the gas holes.
15. A gas processing unit according to claim 1, further
comprising:
an etching processing mechanism.
16. A gas processing unit according to claim 1, further
comprising:
a film-forming processing mechanism.
17. (Added) A gas processing unit according to claim 1, wherein:
the plasma-generating-gas supplier is formed by a
ring-like hollow box, and has the plurality of gas holes facing
the substrate in a base portion thereof.

_—
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bl ade- | { ke. nenbers overl apping in an adjustable manner. 9. (Anended) A gas
pr.ocessing unit according to claim1, further conprising: a m crowave
penet rabl e wi ndow her et i 8eddnd Amendgent junder dadni A4 HFRMW in the vacuum
contai ner, the wi ndow facing the substratgg a wave guide connected to
t he vacuum contai ner via the m crowave penetrable w ndow for introducing a
m crowave into the vacuum container, and a magnetic-field form ng
means- f or geneCEAIMS: a magnetic field in the vacuum cont ai ner,

wherein the gas pyocessin nit Js.ada [a . el ectron '
cyclotron resoian@gﬂﬁﬁ %@gﬂgﬁt ’*p|9§§n89é§%%é§lqgE‘gﬁg?agg‘é‘ﬁg’pﬁeiﬂﬁ' and the
process-gas suppli eraistddeconawhich cosubstratéycam bentpdiaged, on of the
m crowave i ntroduced, throu . ' netl G fi
change t he process gaagaf:ﬁ\“g%ghg%}s‘\%ggggb@%d%?ég%‘{%%S'%Jﬂr?(s\sterié@eﬁoﬁ/égﬁe
pl asma. 10. (Aberpeddcédgasvacwulssi ng unit according to claim9, wherein:
the pl asna-generating: - ' - ) :
materi ol 10, ( ArendeByaand erting- G0 Bubhn Sl haUPHEUPREM S b pne |,
conpri si ng: holes;, whichatars inbroduce iangassfifiz genevatizig anpbasma rincthe
conductor for %?1]1{1&1 .Qgiﬁgf ggsy hol es of the plasma- generating-gas

? mende%c%#l

supplier. 12. gas’ processing unit according to claim9,
wher ei n: t he gapresiess-ghstsupndligrnbhgt eamiinigoduce s pacessagas

arranged in a PRAGRNARELERY 4 PrclbteMBNs) PIASHA A Sealis" €8V Rd Substrate
in the vacuum container, _
wherein an opening density of the gas holes of the
'plasma-generating_-gas supplier is greater in an area for a
peripheral area of the substrate than in an area for a central
area of the substrate, and the plasma-generating-gas supplier
and the process-gas supplier are separately arranged.
2. (Amended) A gas processing unit according to claim1, wherein:
an opening size of each of the gas holes of the
plasma-generating-gas supplier in the area for the peripheral
area of the substrate is larger than an opening size of each of
the gas holes of the plasma-generating-gas supplier in the area
for the central area of the substrate.
3. (Amended) A gas processing unit according to claim 1, wherein:
a number of the gas holes of the plasma-generating-gas
supplier is larger in the area for the peripheral area of the
- substrate than in the area for the central area of the substrate.
4. (Amended) A gas processing unit according to claim 1, further
comprising:
a gas-holes obstructing member for obstructing the gas
holes of the plasma-generating-gas supplier.
5. A gas processing unit according to claim 4, wherein:
the gas-holes obstructing member is adapted to obstruct
the gas holes of the gas-supplying member in the area for the
peripheral area of the substrate.
6. A gas processing unit according to claim 4, wherein:
the gas-holes obstructing member is exchangeable.

S
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the substrate placed on the stage and in a plane parallel to the substrate.
3:" (Anended) A gas processing unit according to claim$9, wherein:

Second Anmendnent under Ar$ecdr GimeRdfent under Art. 34 of PCT 17

t he pl asma-generating-gas supplier is for ggd by a ring-1like holl ow box
arranged in a substantially peripheral of a space between the

m crowave penetrable w ndow and the substrate pl aced on the stage, and has

the plurality pf gasy fzﬁalse@rbaésggné hﬁu&ua&tzbaamg e d1asm norivh@ﬁei:bereof

14. A gas processing unit accord tg claimi1, wh st age
i s adapted to be pl a%gés's%saﬁw GEing mepber E%S’Fraaf?lé‘s‘:ed to cpﬁﬁgﬁas
hol es are arraﬂg@d;d@halggaags@ﬁ{@lédeh;hé@eb ,e substrate, and t he

vacuum cont ai ner has_ a substantially i shape at éeas at, a
bor t1on provi dbd i oh g% PRRSeRERRS unith: aCcarding i cdedim,d: (ipereiSor di ng
to claim1, further gmpgasimsies obstructéhghimibeirotRssi HJplReaRIEy ML

blade-like members overlapping in an adjustable manner.
9. (Amended) A gas processing unit accoi:ding to claim 1, further
comprising:

a microwave penetrable window hermetically arranged in an
opening formed in the vacuum container, the window facing the
substrate,

a wave guide connected to the vacuum container via the
microwave penetfable window for introducing a microwave into the
vacuum container, and

a magnetic-field forming means for generating a magnetic
field in the vacuum container,

wherein the gas processing unit is adapted to generate an
electron cyclotron resonance between the plasma-generating-gas
supplier and the process-gas supplier in the vacuum container
by an interaction of the microwave introduced through the wave
guide and the magnetic field, to change the process gas into a
plasma and to process the substrate by the plasma.

10. (Amended) A gas processing unit according to claim 9, wherein:
the plasma-generating-gas supplier is made of a microwave
penetrable material. '
11. (Amended) A gas processing unit according to claim 9, further
comprising:
~a gas-holes obstructing member made of an electric
conductor for obstructing the gas holes of the plasma-
generating-gas supplier.
12. (Amended) A gas processing unit according to claim 9, wherein:
the gas holes of the plasma-generating-gas supplier are
arranged in a space between the microwave penetrable window and
the substrate placed on the stage and in a plane parallel to the
substrate.
13. (Amended) A gas processing unit according to claim 9, wherein:

T
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i6'..i‘ ) A . gas probcessing unit according to claim1, further conprising:
a-.filmformng processi ng nechanism 17. (Added) A gas processing unit
according to claimi1, whefeeepd Amendmept wderdrdendfaPfn®CHas supplier is
formed by a ring-like holl ow box, and hasjtthe plurality of gas holes facing
the substrate in a base portion thereof.
the plasma-generating-gas supplier is formed by a
ring—like hollow box arranged in a substantially peripheral area
of a space between the microwave penetrable window and the
substrate placed on the stage, and has the plurality of gas holes
facing the substrate in a base portion thereof.
14. A gas processing unit according to claim 1, wherein:
the stage is adapted to be placed-a substantially circular
substrate,
the gas holes are arranged in a plane parallel to the
substrate, and
the vacuum container has a substantially cylindrical shape
‘at least at a portion provided with the gas holes.
15. A gas processing unit according to claim 1, further
comprising:
an etching processing mechanism.
16. A gas processing unit according to claim 1, further
comprising: -
a film-forming processing mechanism.
17. (Added) A gas processing unit according to claim 1, wherein:
the plasma-generating-gas supplier is formed by a
ring-like hollow box, and has the plurality of gas holes facing
the substrate in a base portion thereof. |
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