
US 20020043342A1 

(12) Patent Application Publication (10) Pub. No.: US 2002/0043342 A1 
(19) United States 

Taniguchi et al. (43) Pub. Date: Apr. 18, 2002 

(54) PLASMA GENERATOR 

(75) Inventors: Michio Taniguchi, Hyogo (JP); 
Shoichiro Minomo, Osaka (JP); 
Shigeki Amadatsu, Hyogo (JP); 
Kazuki Kondo, Wakayama (JP) 

Correspondence Address: 
Jordan and Hamburg 
122 East 42nd Street 
New York, NY 10168 (US) 

(73) Assignee: Daihen Corporation 

(21) Appl. No.: 09/829,191 

(22) Filed: Apr. 9, 2001 

(30) Foreign Application Priority Data 

Apr. 18, 2000 (JP) . . . . . . . . . . .. P2000-116641 

Apr. 18, 2000 (JP) .................................. .. P2000-116642 

Publication Classi?cation 

(51) Int. Cl? .......................... .. C23F 1/02; c23c 16/511 
(52) Us. 01. ............................ ..156/345.41; 118/723 ME 

(57) ABSTRACT 

A plasma generator according to the invention includes a 
rectangular Waveguide into Which a microwave is intro 
duced, a coaxial tube connected in a T shape to the rectan 
gular Waveguide through their respective openings, a 
vacuum sealing Window for blocking the openings With an 
insulator to thereby vacuum seal the interior of the coaxial 
tube against the rectangular Waveguide, and an insulator 
arranged in the coaxial tube as linked to the vacuum sealing 
Window, thus facilitating microwave matching. 
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FIG.2 
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FIG.3 
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FIG.5 
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FIG.8B FIG.8A 
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FIG.9 
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PLASMA GENERATOR 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The invention relates to a plasma generator for 
generating plasma by means of microwave discharge. This 
plasma generator is Well suited for use in, for instance, 
processes of etching and ashing on a semiconductor Wafer 
placed in a processing chamber in Which a plasma gas is 
introduced or of cleaning of the chamber. 

[0003] 2. Description of the Related Art 

[0004] This prior art plasma generator is described beloW 
With reference to FIG. 10. In FIG. 10, a reference numeral 
100 represents a rectangular-sectional Waveguide, at an 
opening of one end side of Which is mounted a microWave 
poWer source (not shoWn) for introducing a microWave to 
the interior of this rectangular Waveguide. 

[0005] Reference numerals 102 and 104 represent cylin 
drical conductors connected vertically in a tube-aXial direc 
tion to the Walls of the respective open tubes of the rectan 
gular Waveguide 100, one cylindrical conductor 102 of 
Which has a gas inlet 102a for introducing plasma and the 
other cylindrical conductor 104 of Which has its opening 
104a connected to the processing chamber noW shoWn. 

[0006] A reference numeral 106 represents a cylindrical 
insulator, Which is inserted through the rectangular 
Waveguide 100 vertically in its tube-axial direction and 
mounted in both of the cylindrical conductors 102 and 104 
and also Which has its portion positioned in the rectangular 
Waveguide 100 serving as a plasma generating portion 106a. 

[0007] A reference numeral 108 represents a movable 
terminal Which can move in the tube-axial direction so that 
the plasma generating portion 106a of the cylindrical insu 
lator 106 may have a stronger microWave ?eld therein. 

[0008] In such a plasma generator, When a microWave is 
introduced into the rectangular Waveguide 100 and a plasma 
gas is introduced through the gas inlet 102a in the cylindrical 
conductor 102, plasma is generated due to microWave dis 
charge in the internal space of the plasma generating portion 
106a of the cylindrical insulator 106. 

[0009] The plasma thus generated in the cylindrical insu 
lator 106 is introduced to, for example, a semiconductor 
Wafer positioned in a processing chamber connected to the 
opening 104a so that this Wafer may be etched or ashed or 
that the chamber may be cleaned. 

[0010] In the prior art plasma generator, hoWever, since a 
microWave inside the rectangular Waveguide 100 travels 
perpendicular to the surface of the plasma generating portion 
106a of the cylindrical insulator 106, its ?eld acts parallel 
With the plasma. Accordingly, the microWave has a strong 
re?ected Wave poWer. 

[0011] To guard against this, conventionally, a matching 
device is typically attached to the rectangular Waveguide 
100 to utiliZe its matching action for suppressing the 
re?ected Wave poWer of the microWave (microWave match 
ing), Which is, hoWever, not alWays easy and is time con 
suming. 
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[0012] The matching is thus difficult and time consuming, 
thus leading to problems of inef?ciencies of, for eXample, 
semiconductor Wafer processes, in short, various operations 
utiliZing plasma. 

[0013] In addition, a large and heavy body of the matching 
device itself makes it inconvenient to handle it and its high 
price also increases the costs of the apparatus as a Whole. 

[0014] Also, the prior art plasma generator has poor radia 
tion of the heat generated along With the generation of 
plasma, thus leading to disabled supply of a high microWave 
poWer problematically. 

[0015] That is, since plasma occurs at a portion (plasma 
generating portion 106a) of the cylindrical insulator 106 that 
portion is positioned in the rectangular Waveguide 100, the 
heat due to plasma is generated locally. Moreover, thus 
locally generated heat is construction-Wise difficult to radi 
ate to the outside, so that if plasma is generated by supplying 
a high microWave poWer, the cylindrical insulator 106 is 
highly heated locally and may be damaged. For this reason, 
the prior art has been impossible to supply a high microWave 
poWer. 

[0016] In order to inhibit the cylindrical insulator 106 
from being highly heated locally, a cooling fan may possibly 
be provided for cooling the plasma generating portion 106a, 
in Which case, hoWever, a required large capacity of the 
cooling fan Would enlarge the apparatus as a Whole. Further, 
such a cooling fan, if used in a clean room for manufacturing 
of semiconductor devices in Which the plasma generator is 
mounted, may disturb the surrounding atmosphere problem 
atically. 

[0017] Also, although the cylindrical insulator 106 may 
possibly be of a double-tube construction so that a cooling 
medium may be distributed therethrough to radiate the heat, 
the cylindrical insulator 106 is generally made of a relatively 
brittle glass tube and also eXposed to hot plasma and have 
the atmospheric pressure applied thereon from the outside 
because of its internal vacuum state, thus being subject to 
damages due to heat and pressure. For this reason, the 
cylindrical insulator 106 must be designed in case of dam 
ages, in Which case in turn the cooling medium may come 
into the apparatus to thereby spread its leakage throughout 
the apparatus, so that such a heat radiating construction 
could not have been employed. 

SUMMARY OF THE INVENTION 

[0018] In vieW of the above, it is an object of the invention 
to facilitate microWave matching. 

[0019] Another object of the invention is to facilitate 
microWave matching Without utiliZing a matching device to 
thereby eliminate the necessity of using it, thus making it 
easy to handle the apparatus as a Whole, and also to reduce 
the costs of the apparatus. 

[0020] A further another object of the invention is to cool 
the apparatus reliably With a simple construction. 

[0021] The other objects, features, and advantages of the 
invention Will become clear from the folloWing description. 

[0022] A plasma generator according to the invention 
comprises, as shoWn in FIG. 1, a rectangular Waveguide (2) 
in Which a microWave is introduced, a coaxial tube (4) 
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connected in a T shape to the rectangular Waveguide (2) 
through their respective openings (2b and 42c), a vacuum 
sealing WindoW (6) for blocking the openings (2b and 42c) 
With an insulating material to thereby vacuum-seal the 
interior of the coaxial tube (4) against the rectangular 
Waveguide (2), and an insulator (16) arranged in the coaxial 
tube (4) as linked to the vacuum-sealing WindoW 

[0023] According to the invention, the insulator (16) is 
provided at a boundary betWeen plasma and a microWave so 
that the electric ?eld of the microWave may not run parallel 
With the plasma. Accordingly, the microWave can be 
absorbed by the plasma more easily to thereby reduce its 
re?ected Wave poWer. Moreover, by adjusting the shape of 
the insulator (16), the impedance of the total load can be kept 
roughly constant against large ?uctuations in plasma imped 
ance caused by transitional ignition of the plasma, changes 
in its process, etc., thus eliminating the conventional neces 
sity of difficult microWave matching by use of a matching 
device in the rectangular Waveguide (2), thus making more 
easy and efficient a variety of operations With plasma. In 
addition, it is possible to make it more easy and convenient 
to use the apparatus even With a large and heavy matching 
device and also reduce the costs of the apparatus. 

[0024] Preferably the invention has such a double-tube 
construction that the above-mentioned coaxial tube (4) may 
consist of an inner conductor (41) and an outer conductor 
(42) disposed external of the inner conductor (41) radially 
With a predetermined gap therebetWeen and also such an 
annular construction that the above-mentioned insulator (16) 
may be mounted on the outer periphery of the above 
mentioned inner conductor (41). 

[0025] By this construction as a Whole, a microWave 
poWer can be efficiently supplied from the insulator toWard 
a plasma generating space (19) of the radially opposing gap 
betWeen the inner conductor (41) and the outer conductor 
(42), thus increasing the plasma generation efficiency in that 
space preferably. 

[0026] In this case, the above-mentioned inner conductor 
(41) may be of a solid construction or a holloW construction. 

[0027] Also, preferably the invention has such a shape that 
the insulator (16) may shrink in area of its outer diameter 
surface as it goes on in a direction opposite to the side of the 
vacuum-sealing WindoW 

[0028] In such a case, even When the pressure of a gas 
supplied to the plasma generating space (19) is changed 
according to a variety of processes of manufacturing a 
semiconductor device, it is possible to maintain the re?ec 
tion coefficient of the microWave at a roughly constant value 
over a Wide variation range of that pressure. Accordingly, 
preferably it is possible to conduct optimal setting accurately 
and easily over the variety of processes. 

[0029] In this case, the above-mentioned diameter shape 
shrinkage includes not only the above-mentioned directional 
uniform diameter shrinkage but also partial diameter shrink 
age and outer-diameter surface shrinkage for the insulator 

(16). 
[0030] The plasma generator according to the invention 
comprises, as shoWn in FIG. 2, the rectangular Waveguide 
(2) into Which a microWave is introduced, a coaxial tube (4) 
communicatively connected in a T shape to the opening (2b) 
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made in the rectangular Waveguide (2), and a sealing means. 
The coaxial tube (4) comprises the inner conductor (41) 
Which penetrates through the rectangular Waveguide (2) at 
the opening (2b) in a tube-axial direction of the coaxial tube 
(4) in such a manner that its one end may protrude from the 
rectangular Waveguide (2) and the outer conductor (42) 
Which is disposed roughly in a coaxial manner With the inner 
conductor (41) outside the one end of the inner conductor 
(41). The sealing means blocks at the opening (2b) the gap 
betWeen the rectangular Waveguide (2) and the coaxial tube 
(4) With the vacuum-sealing WindoW (6) and also vacuum 
seals the plasma generating space (19) formed betWeen the 
outer conductor (42) and the inner conductor (41) against the 
rectangular Waveguide Also, the other end of the inner 
conductor (41) is coupled to the rectangular Waveguide (2) 
both thermally and electrically. 

[0031] According to the invention, no plasma is generated 
inside the rectangular Waveguide (2), With the plasma gen 
erating space (19) being formed inside the coaxial tube (4) 
connected in communication to the rectangular Waveguide 
(2). Accordingly, heat generated in the plasma generating 
space (19) is radiated from the inner conductor (41) through 
the rectangular Waveguide (2) thermally coupled to the other 
end of this inner conductor (41) to the outside and so is not 
accumulated in the inner conductor (41), thus avoiding 
damaging the inner conductor (41). Therefore, it is possible 
to supply a high microWave poWer Without taking into 
account the effect of accumulation of heat in the apparatus. 

[0032] According to the invention, preferably the inner 
conductor (41) comprises a barrel Which has its one end 
blocked and also Which has a cooling medium distribution 
path formed in its internal space. 

[0033] In such a construction, heat generated by the 
plasma generating space (19) can be externally radiated even 
more rapidly by a cooling medium distributed through the 
cooling medium distribution path. 

[0034] Also, according to the invention, preferably the 
inner conductor (41) houses a barrel (18) disposed therein 
for supplying a cooling medium, from the interior of Which 
barrel is formed the cooling medium distribution path over 
the gap betWeen this barrel (18) and the inner conductor 
(41). 
[0035] This construction enables effective distribution of 
the cooling medium, thus making it possible to external 
radiate the heat generated in the plasma generating space 
(19) even more rapidly. 

[0036] Also, according to the invention, preferably an 
insulator (not shoWn in FIG. 2) is provided for covering the 
outside of one end of the inner conductor (41). 

[0037] In such a construction, the inner conductor (41) is 
not directly exposed to plasma, thus preventing a contami 
nation (metal reaction product) from being diffused into 
plasma from the inner conductor (41). 

[0038] Further, according to the invention, preferably the 
insulator (16) is cooled by the cooling medium distributed 
through the cooling medium distribution path. 

[0039] This arrangement prevents a damage (crack and the 
like) from occurring on the insulator (16) Which damage is 
caused by thermal stress generated along With plasma. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0040] These and other objects as Well as advantages of 
the invention Will become clear by the following description 
of preferred embodiments of the invention With reference to 
the accompanying draWings, Wherein: 

[0041] FIG. 1 is a vertical sectional side vieW of a plasma 
generator for explaining an important aspect of the inven 
tion; 
[0042] FIG. 2 is another vertical sectional side vieW of the 
plasma generator for explaining another important aspect of 
the invention; 

[0043] FIG. 3 is a vertical sectional side vieW of the 
plasma generator according to the ?rst embodiment of the 
invention; 
[0044] FIG. 4 is a semi-sectional perspective vieW of the 
?rst embodiment of the invention; 

[0045] FIG. 5 is an illustration for shoWing an exempli?ed 
shape of the inner conductor for preventing an insulator 
from dropping from the plasma generator according to the 
?rst embodiment of the invention; 

[0046] FIG. 6 is an enlarged vieW of an important portion 
of the plasma generator according to the ?rst embodiment of 
the invention; 

[0047] FIG. 7 is a graph for explaining an action of the 
plasma generator according to the ?rst embodiment of the 
invention; 
[0048] FIG. 8A is an illustration for shoWing another 
exempli?ed shape of the insulator of the plasma generator 
according to the ?rst embodiment of the invention; 

[0049] FIG. 8B is an illustration for shoWing still another 
exempli?ed shape of the insulator of the plasma generator 
according to the ?rst embodiment of the invention; 

[0050] FIG. 8C is an illustration for shoWing still another 
exempli?ed shape of the insulator of the plasma generator 
according to the ?rst embodiment of the invention; 

[0051] FIG. 9 is a vertical sectional side vieW for shoWing 
the plasma generator according to a variant of the invention; 
and 

[0052] FIG. 10 is a vertical sectional side vieW for shoW 
ing a prior art plasma generator. 

[0053] In all these ?gures, like components are indicated 
by the same numerals. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0054] The folloWing Will describe embodiments of the 
invention With respect to the draWings. 

[0055] (First Preferred Embodiment) 
[0056] FIGS. 3 through 8 relate to a ?rst preferred 
embodiment of the invention, of Which FIG. 3 is a vertical 
sectional side vieW of the entire plasma generator according 
to this embodiment, FIG. 4 is a semi-sectional perspective 
vieW of the plasma generator of FIG. 3, FIG. 5 shoWs an 
exempli?ed shape of the inner conductor, FIG. 6 is an 
enlarged vieW of the important portion of FIG. 3, FIG. 7 is 
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a graph for explaining an action of this embodiment, and 
FIG. 8 shoWs another exempli?ed shape of the insulator. 

[0057] In this embodiment shoWn, a reference numeral 2 
indicates a rectangular Waveguide, a numeral 4 indicates a 
coaxial tube, a numeral 6 indicates a vacuum-sealing Win 
doW, numerals 8 and 10 indicate movable terminals, numer 
als 12 and 14 indicate manipulators, a numeral 15 indicates 
a movable terminal mounting cylinder, a numeral 16 indi 
cates a conical insulator, and a numeral 18 indicates a 
cylinder for introducing a cooling medium. The cooling 
medium may be, for example, cooling Water as Well as any 
other appropriate substances. 

[0058] The rectangular Waveguide 2 has such a rectangu 
lar cross section that has its one end opened in its tube-axial 
direction and the other tube-directional end blocked, at an 
opening 2a in that one end is mounted a microWave poWer 
source for applying therefrom a microWave poWer to the 
interior. 

[0059] The rectangular Waveguide 2 comprises also 
mounting bosses 2d and 26 having circular openings 2b and 
2c at the loWer and upper sides of the tube someWhere along 
its tube axis, respectively, in such a con?guration that the 
mounting boss 2d has attached thereto an outer conductor 42 
of the coaxial tube 4 described later and the other mounting 
boss 26 has attached thereto the movable terminal mounting 
cylinder 15. 

[0060] The movable terminal mounting cylinder 15, made 
of a conductor, has such a con?guration that the movable 
terminal 10 is mounted so as to be displaced along its 
cylinder axis. The movable terminal 10 is mounted at one 
end of the manipulator 14 in such a manner that it may be 
displaced in the cylinder axial direction When the manipu 
lator 14 is turned, in order to enhance the microWave ?eld 
in a plasma generating space 19 described later. 

[0061] The coaxial tube 4 has an inner conductor 41 and 
a outer conductor 42 radially arranged external of the inner 
conductor 41, both of Which are made of a conductor such 
as metal, thus together forming a partial double-tube con 
struction at a predetermined portion beloW the vacuum 
sealing WindoW 6. The inner conductor 41 has a barrel 
shaped construction With one end opened and the other end 
blocked in such a con?guration that a predetermined portion 
41a (one plasma electrode) at the one end radially faces 
another predetermined portion 42a (another plasma elec 
trode) at one end of the outer conductor 42, in order to form 
the plasma generating space 19 at a gap betWeen these tWo 
plasma electrodes facing each other. 

[0062] The other end of the inner conductor 41 penetrates 
through the rectangular Waveguide 2 along the tube axis of 
the coaxial tube 4 to thereby upWard protrude at an end, 
Which is electrically and mechanically connected to the 
external surface of the movable terminal mounting cylinder 
15 to be grounded. By this construction, the other end of the 
inner conductor 41 is thermally coupled to the rectangular 
Waveguide 2. 
[0063] The inner conductor 41 has the cylinder 18 inserted 
therein through the opening in the other end for introducing 
a cooling medium. By this construction, the cooling medium 
supplied inside the cylinder 18 through its one end goes out 
through its other end and then is returned to the outside 
through a gap betWeen the outer periphery of the cylinder 18 
and the inner conductor 41. 
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[0064] The outer conductor 42 has a larger-diameter por 
tion 42b at its one end, at Which is formed a circular recess 
42d Which is provided for mounting the vacuum sealing 
WindoW 6 and also Which has an opening 42c at its center. 

[0065] The vacuum sealing WindoW 6 comprises a heat 
resistant insulator made of a substance Which is chemically 
stable and also Which hardly absorb a microWave preferably 
such as Te?on, alumina, quartZ, and the like, Which insulator 
is mounted in the circular recess 42d of the outer conductor 
42, thus blocking the gap betWeen the opening 2b in the 
rectangular Waveguide 2 and the coaXial tube 4. In the 
plasma generator shoWn in the ?gure, the vacuum sealing 
WindoW 6 blocks the gap betWeen the inner conductor 41 
and the larger-diameter portion 42b of the outer conductor 
42 communicatively connected to the opening 2b in the 
rectangular Waveguide 2, thus blocking also the gap betWeen 
the opening 2b in the rectangular Waveguide 2 and the 
coaXial tube 4. BetWeen the vacuum sealing WindoW 6 and 
the inner conductor 41 and betWeen the opening 42c in the 
outer conductor 42 and the vacuum sealing WindoW 6 are 
respectively interposed O rings 22 and 20 made of rubber or 
any other elastic substances, Which these O rings 20 and 22 
cooperate With the vacuum sealing WindoW 6 to vacuum 
block the interior (plasma generating space 19) of the 
coaXial tube 4 against the rectangular Waveguide 2. Here, the 
vacuum sealing WindoW 6 and the O rings 20 and 22 
together form the sealing means. 

[0066] Note here that the outer conductor 42 is provided 
With a gas inlet 426 for introducing plasma in its plasma 
electrode 42a. 

[0067] The coaXial tube 4 has its above-mentioned double 
tube construction portion connected in a T shape to the 
rectangular Waveguide via the respective openings 2b and 
42c against the rectangular Waveguide 2. Although the other 
end of the inner conductor 41 penetrates through the rect 
angular Waveguide 2 along the tube aXis of the coaXial tube 
4 to thereby protrude upWard, this geometry is to be included 
in the T shape as referred to in the present speci?cation of 
the invention. 

[0068] The movable terminals 8 and 10 can be moved by 
the respective manipulators 12 and 14 so as to enhance the 
microWave ?eld in the plasma generating space 19. By 
optimiZing the geometry of the rectangular Waveguide 2 and 
the movable terminal mounting cylinder 15, hoWever, the 
movable terminals 8 and 10 and the respective manipulators 
12 and 14 can be omitted. 

[0069] The insulator 16 for preventing a contamination 
(metal reaction product) from being diffused from the inner 
conductor 41 into plasma is annualy provided on the outer 
periphery of the plasma electrode 41a of the inner conductor 
41 as linked to the vacuum sealing WindoW 6, thus having 
a conical-shaped outer-diameter surface, the diameter of 
Which shrinks uniformly in a direction opposite to the 
vacuum sealing WindoW 6. This insulator 16 is made of an 
insulating material such as ceramic, quartZ, sapphire, alu 
mina, aluminum nitride, etc., Which is chemically stable and 
eXcellent in heat resistance and corrosion resistance. 

[0070] By providing a stepped geometry of the loWer 
portion of the inner conductor 41 in order to prevent the 
insulator 16 from falling as shoWn in FIG. 5, the insulator 
16 need not be ?Xed to the inner conductor 41 With a screW 
and the like, thus preferably simplifying the structure. 
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[0071] The folloWing Will describe the actions and effects 
of the embodiment having the above-mentioned construc 
tion. 

[0072] (1) Since plasma is generated in the plasma gen 
erating space 19 formed by the space radially facing the 
respective one-end side plasma electrodes 41a and 42a of 
the inner conductor 41 and the outer conductor 42 of the 
coaXial tube 4, the heat due to thus generated plasma heats 
the inner conductor 41 up to a high temperature. In this case, 
since the other end of the inner conductor 41 is thermally 
coupled to the rectangular Waveguide 2, the plasma genera 
tive heat is transferred from one end to the other end of the 
inner conductor 41 and then radiated to the movable termi 
nal mounting cylinder 15 and the rectangular Waveguide 2 to 
resultantly radiate heat from the coaXial tube 4, so that this 
plasma generative heat may not be accumulated in the 
apparatus (especially in the inner conductor 41), thus avoid 
ing damages to the apparatus. Accordingly, the microWave 
poWer need not be limited in supply quantity in fear of such 
thermal damages, so that a high microWave poWer can be 
supplied to the plasma generator, thus enhancing the poWer 
of the plasma generator that much. 

[0073] (2) It is even more preferable in that through the 
opening in the other end of the inner conductor 41 of the 
coaXial tube 4, a cooling medium can be supplied from the 
cylinder 18 to cool the inner conductor 41 and the O ring 22. 
In particular, the cylinder 18 can be provided to form a 
cooling medium distribution path from the interior of the 
cylinder 18 through the gap betWeen that cylinder 18 and the 
inner conductor 41 in order to efficiently distribute the 
cooling medium along this distribution path, thus further 
improving the cooling ef?ciency. 
[0074] (3) The inner conductor 41, Which constitutes a 
partition betWeen the cooling medium and the plasma gen 
erating space 19, is made of metal or any other appropriate 
conductor not easily damaged, and so it is not damaged by 
an effect of a difference in pressure betWeen the pressure of 
the plasma generating space 19 (vacuum) and the internal 
pressure 41 (atmospheric pressure) nor by an effect of the 
hot plasma. Therefore, the cooling medium does not leak to 
the plasma generating space 19 because its distribution path 
is not damaged, to enable cooling the interior of the appa 
ratus Without fear of damaging the apparatus, thus improv 
ing the reliability. 
[0075] (4) Since the surrounding of the inner conductor 41 
is covered by the insulator 16, the inner conductor 41 is not 
directly eXposed to plasma, thus making it possible to 
prevent a contamination (metal particulate) from being 
diffused into the plasma. 

[0076] Also, the insulator 16 is provided to enhance the 
durability of the inner conductor 41. 

[0077] Further, a cooling medium distributed through the 
cooling medium distribution path provided in the inner 
conductor 41 cools the insulator 16. Accordingly, it is 
possible to prevent the insulator 16 from being cracked or 
otherWise damaged by its thermal stress, thus improving the 
durability of the insulator 16. 

[0078] (5) Since the inner conductor 41 of the coaXial tube 
4 has its other end connected electrically to the movable 
terminal mounting cylinder 15 and the rectangular 
Waveguide 2, the microWave can be preferably prevented 
from leaking to the outside. 
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[0079] (6) At the prior art boundary between plasma and 
a microwave, the microwave ?eld runs parallel with the 
plasma, so that the power of a re?ected wave of the 
microwave is very high. 

[0080] By the invention, the boundary between plasma 
and a microwave is provided with the insulator 16 so that the 
microwave ?eld may not run parallel with the plasma. 
Accordingly, the microwave can be more easily absorbed by 
the plasma, thus reducing the re?ected wave power. Further, 
by adjusting the geometry of the insulator 16, it is possible 
to maintain the impedance of the total load at a roughly 
constant value against large ?uctuations in plasma imped 
ance caused by transitional ignition of the plasma, changes 
in the processes, etc. Accordingly, it is unnecessary to 
suppress the re?ected wave power of a microwave using the 
matching action of a matching device, which has been 
required conventionally, thus making more easy and ef? 
cient a variety of tasks with plasma. In addition, the appa 
ratus can be handled more easily and reduced in cost since 
a large and heavy matching device is not employed. The 
electric ?led in the insulator 16 is oriented in a radial 
direction as indicated by a dotted arrow in FIG. 6. Since the 
microwave is of an alternate current, its ?eld is oriented 
inward or outward radially depending on time and position. 

[0081] (7) The actions and effects of the insulator 16, 
which is conical in shape, are described with reference to 
FIG. 7. 

[0082] FIG. 7 shows gas pressure dependency of the 
magnitude |l“| of the re?ection coef?cient on the side of the 
load and the load phase 0. Although the insulator 16 mea 
sures 105 mm in tube-axial length in this case, its length is 
not limited to this value. In FIG. 7, the horiZontal aXis 
represents a gas pressure (Pa), the left side vertical aXis 
represents the magnitude |l“| of the re?ection coef?cient on 
the load side, and the right side vertical aXis represents the 
load phase 0. The characteristic curve A represents the 
magnitude of the coef?cient |l“| and the characteristic curve 
B, the load phase 0. FIG. 7 shows a case where the 
magnitude changes with the changing pressure of a gas 
supplied to the plasma generating space 19 from the outer 
conductor 42 through the gas inlet 426. 

[0083] The magnitude of coef?cient on the load side |l“| 
represents in ratio the coef?cient of a voltage of the re?ected 
wave with respect to a voltage of the traveling wave and the 
load phase 0, a phase of the voltage of the re?ected wave 
with respect to the voltage of the traveling wave. The 
re?ection coef?cient being “1” means that the power is all 
re?ected, so that the smaller the characteristic curve A of the 
re?ection coef?cient, the better will it be. 

[0084] Since the type and the pressure of a gas introduced 
through the above-mentioned gas inlet 42e depend on the 
processes for manufacturing semiconductor devices, it is 
necessary to optimiZe the conditions for each of the pro 
cesses. In this embodiment, the outer-diameter surface of the 
insulator 16 is conical, even with the changing gas pressure, 
changes in the above-mentioned magnitude of the re?ection 
coef?cient |l“| and the load phase 0 can be reduced small and 
to a roughly constant value, thus preferably making this 
optical setting accurate and easy. 

[0085] Accordingly, in the above-mentioned embodiment, 
the outer-diameter surface of the insulator 16 would shrink 
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as it goes in a direction opposite to the side of the vacuum 
sealing window 6, so that even with the pressure of a gas 
supplied to the plasma generating space 19 changing with 
the semiconductor manufacturing process, the conditions for 
the process can be optimiZed accurately and easily. 

[0086] The invention is not limited to the above-men 
tioned embodiment but various modi?cations and variants 
thereto may be possible. 

[0087] (1) Although the above-mentioned embodiment 
has employed a conical shape of the outer-diameter surface 
of the insulator 16, it need not be conical but may be of any 
other appropriate shapes, such as a straight shape, that the 
same diameter continues in the tube-axial direction as men 
tioned above, a curved shape, etc. Also, the surrounding may 
be provided with a groove to prevent cracking due to thermal 
stress. 

[0088] The following will describe one eXample of other 
shapes with reference to FIG. 8, which shows an eXample of 
another shape of the insulator 16. 

[0089] FIG. 8A shows an eXample where the outer-diam 
eter shape decreases in area step-wise and a groove is 
formed in the surrounding. In this case, the groove may be 
omitted. FIG. 8B shows an eXample where a groove is 
formed in the surrounding. FIG. 8C shows an eXample 
where annular insulators with different lengths are combined 
and each provided partially with a step for preventing 
falling. 
[0090] (2) If, to facilitate maintenance of the plasma 
generator in the above-mentioned embodiment, for eXample, 
the other components, ie the inner conductor 41 of the 
coaXial tube 4, the cylinder 18 for introduction of a cooling 
medium, the vacuum sealing window 6, the insulator 16, the 
movable terminal 10, the manipulator 14, and the movable 
terminal mounting cylinder 15 are integrated as one unit and 
mounted to the outer conductor 42 of the coaxial tube 4 
detachably, the insulator 16 can be easily maintained and 
replaced. Also, the O rings 20 and 22 made of such an elastic 
substance as rubber are required to provide a suf?cient level 
of sealing of the interior of the coaXial tube 4 for the 
above-mentioned purpose of integration into one unit. 

[0091] (3) The insulator 16 provided in the above-men 
tioned embodiment which covers the outer periphery of the 
inner conductor 41 has been done so in order to prevent the 
inner conductor 41 from being directly eXposed to hot 
plasma so that a contamination (metal particulate) may not 
be diffused from the inner conductor 41 into plasma. Also, 
the insulator 16 covering the outer periphery of the inner 
conductor 41 has a function of suppressing changes in the 
magnitude of the above-mentioned re?ection coef?cient |l“| 
and the load phase 0 over a wide range of the pressure of a 
gas supplied from the outer conductor 42 through its gas 
inlet 426 to the plasma generating space 19 even with a 
change in that pressure. 

[0092] Accordingly, the insulator 16 may be omitted as 
shown in FIG. 9 if diffusion of a contamination (metal 
particulate) from the inner conductor 41 into plasma is 
negligibly low or if changes in the above-mentioned mag 
nitude of the re?ection coef?cient |l“| and the load phase 0 
are small even without the insulator 16. 

[0093] While there has been described what is at present 
considered to be preferred embodiments of this invention, it 



US 2002/0043342 A1 

Will be understood that various modi?cations may be made 
therein, and it is intended to cover in the appended claims all 
such modi?cations as fall Within the true spirit and scope of 
this invention. 

What is claimed is: 
1. Aplasma generator for generating plasma using micro 

Wave discharge, comprising: 

a rectangular Waveguide into Which a microWave is 
introduced; 

a coaxial tube connected in a T shape to said rectangular 
Waveguide through respective openings; 

a vacuum sealing WindoW for blocking said openings With 
an insulator to thereby vacuum seal an interior of said 
coaxial tube against said rectangular Waveguide; and 

an insulator disposed in said coaxial tube as linked to said 
vacuum sealing WindoW. 

2. The plasma generator according to claim 1, Wherein: 

said coaxial tube has a double-tube construction that an 
inner conductor and an outer conductor are arranged in 
such a construction that said outer conductor is radially 
disposed externally of said inner conductor With a 
predetermined gap therebetWeen; and 

said insulator has such an annular construction that said 
insulator is mounted on an outer periphery of said inner 
conductor. 

3. The plasma generator according to claim 1 or 2, 
Wherein an outer-diameter surface of said insulator gas such 
a shale that an area thereof shrinks in an direction opposite 
to a side of said vacuum sealing WindoW. 

4. A plasma generator comprising: 

a rectangular Waveguide into Which a microWave is 
introduced; 

a coaxial tube communicatively connected in a T shape to 
an opening in said rectangular Waveguide; and 
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sealing means, Wherein: 

said coaxial tube includes an inner conductor Which 
penetrates through said rectangular Waveguide from 
said opening in a tube-axial direction of said coaxial 
tube and also Which has one end protruding from 
said rectangular Waveguide and an outer conductor 
disposed externally of said inner conductor at one 
end thereof and roughly coaxial With said inner 
conductor; 

said sealing means blocks With an insulator a gap 
betWeen said rectangular Waveguide at said opening 
and said coaxial tube and also vacuum seals a plasma 
generating space formed betWeen said outer conduc 
tor and said inner conductor against said rectangular 
Waveguide; and 

the other end of said inner conductor is coupled to said 
rectangular Waveguide thermally and electrically. 

5. The plasma generator according to claim 4, Wherein 
said inner conductor is comprised of a barrel has one end 
thereof blocked and Which has a cooling medium distribu 
tion path formed an inner space thereof. 

6. The plasma generator according to claim 5, Wherein in 
said inner conductor, a barrel for supplying a cooling 
medium is housed and arranged, from an interior of Which 
barrel is formed a cooling medium distribution path over a 
gap betWeen said barrel and said inner conductor. 

7. The plasma generator according to any one of claims 4 
through 6, further comprising an insulator for covering an 
outside of one end side of said inner conductor. 

8. The plasma generator according to claim 5 or 6, further 
comprising an insulator for covering an outside of one end 
side of said inner conductor, Wherein said insulator is cooled 
by a cooling medium distributed through said cooling 
medium distribution path. 


