
.····\ 

I 

I 
i 
I 

I 
I 
I 
I 

i 
I 

I 
I 

1 · 

6 CPRIHTED PAGE 6) l 
H0.630 

- 1 -

PLASMA PROCESSING METHOD AND APPARATUS 

BACKGROUND OF THB INVENTION 

IS Field of the Invention 

The present invention relatea to a plasma processing 
method and apparatus. More partioularly, this present 
invention relates to a plasma processing uiethod and 

10 apparatus for generating a plasma with microwaves to 
S'IJbject a su.b$trate to be treated such as a wafer to a plasma 
processing su.ch as an etching or filming treatment. 

15 
Dei;ctiption of the Prior Att 

l:n a mi~r.owave plasma proce11.sing apparatus of the 
I 

ptior art, there is known an appiratus using a cavity 
resonator and a slot a.nten:q.a arranged at a right angle with 
respect to a surface current to fl9w through the bottolll ol 

20 the cavity resonator, as dbclosed in BP .. A-0674334. By 
making use of the slot antenna, the apparatus h constructed 
to radiate microwaves in the sa!4¢ ~ode as that of the 
microwaves in the cavity resonator from the slot antenna 
thereby to generate a plasma. 

25 A conventional appar11tus of the slot disclosed in 
U.S. patent No. 4,776,918 and No. S,134,965 for example, 
has been arranged so that it is provided with slot antennas 
which are in contact with or set close to a :microwave 
penetrating win.dow for introducing microwaves into a 

so proceuing chamber as a part of the processing chamber 
that can be evacuated. 

SUMMARY OF THE INVENTION 

85 In the aforementioned prior art, no consideration is 

P.6.156 
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taken into the plasma control combined with the 
microwaves in a. plurality of modes, and what can be 
generates is the plasma·with the microwaves in a single 
mode. thus raising a problem in controlling the 
homogeneity. of the plasma. 

As the packing denshy of a semiconductor integrated 
circuit increases, the sh:e of its substrate or wafer made of 

. a scniiconductor such as silicon increases so a.s to enhanco 
the productivity. It is said that for integrated circuits of 
the next generation many semiconductor devices have to be 
formed over a large substrate having a diameter of 12 
inches (about 300 mm), and tllat thh large substrate has to 
be processed to form uniform film. 

However, the above•apecified ·prior a.rt has failed to 
take sufficient consideration into the large diameter of the 
substrate to be treated. 

Au object of the present invention is to provide a 
plasma proce~sing metbod and apparatus capable of 
controlling the homogeneity of a plasma easily. And, in 

20 the plasma processing using the microwaves, an object of 
the present invention is to provide a pla~ma prooessing 
apparatus capable of subjecting a aubstratc to be treated to 
a uniform plasma processiug over a radial direction even if 
the diameter exceeds 12 inches (about 300 mm), and a 

2o method for the apparatus. 
Iu order to achieve the above ... specified object, a 

lDicrawave plasma processing apparatus comprise a · 
procesdng chamber connected to an eva.ouator so that its 
inside can be evacuated~ a gas supplier for supplying a gas 

so into said processing chamber; and plasma generating .11leans 
for genero.tin.g a: plasma in 11aid processing chamber by 
making use of microwaves radiated from slot antennas. 
wherein said slot antennas arc disposed at an angle neither 
in parallel to nor perpendicular to a surface current to flow 

8ii on the wall face equipped with said &lot antennas. And. 
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the microwaves in a mode TM01 are introduced. into a cavity 
resonator to excite the microwaves in a m.ode TMoma 
(wherein m. and n are positive integers) in the cavity 
resonator. and the microwave ehctric field is radiated 
from the slot a.nteana arra.iiged in a ring shape at an angle 
neither in pa~aliel with nor perpendicular to the direction 
. of a Sl.lrface current to flow through the bottom of the 
·cavity resonator. By introducing the microwaves in th~ 
mode TM01 into the cavity resonator from above. the 
microwaves in the mode TMomn (wherein m and n arc 
positive integers) ca.n be easily excited in the cavity 
resonator. The s\lrfaco current flows radially, i.e., in the 
radial directions on the wall face of the bottom of that 
cavity resonator. If the slot antenna is arranged in a ring 
shape and at a predetermined angle neither in parallel with 
nor perpendicular .to the direction of the surface current. 
the microwave electric field h radiated ra.dially and · 
circumferentially from the slot antenna. In other words:. 
there are racli.a~ed the microwave11 in which are mixed the 
mode TEon ail.d the tnode TMomn (wherein m and n are 
positive integers). By choQsing the inteoecting angle 
between the slot antenna and.the surface current, therefore, 
the ratio between the macle TEon· and the mode TMo:m 
(wherein m and n are positive integers) ·can be optimhied .. 
the uniformity of the microw~ve plasllla to be generated can 
be eadly controlled. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figute 1 is a vertical cross section showing a 

so magnetic fi~ld microwave dry .. etching apparatu~ aocor4ing 
to one embodiment of the mforowave plasma processing 

·apparatus of the present inv~ntion. 
. . 
Figure 2 is a section taken in the direction ll .. JI 

of Fig. 1. 
a& Figute 3 is a top pl•n view showing slot antennas 
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shape of Pig. 1. 
Figure 4 is a diagram illustrating the microwave 

magnetic field radiated from the slot antennas illustrated 
in Figure 3. 

Figure s is a dia.gtaDl plotting the transmissivitics of 
modes when the ansle of h1clination of the slot antenna 
.holes of Fig. 3 is changed. 

Figure .6 ;are clia.grams plotting the plasma density 
distributions' when the magnetic field by the coil of the 
apparatus of Fig. 1 is changed .. 

Figure 7 b a top plan view showing another 
embodiment of the slot antennas of Fig. 3. 

Figure 8 is a vertical cross section showing a 
magnetic field microwave dry-etching apparatus according 
to a second eitlbodimcnf of the plasma processing apparatus 
of the present invention, 

Figure 9 is a vertical cross section showing the detail 
of an electrode. as oppoae4 to a wafer ~n the apparatus of 
Figure 8. 

Figure 10 is a vertical croo section showing 11.nother · 
embodiment .of the eleotrodc of Pig. 9 . . 

Figure 11 is a vertical cross section showing a 
microwave dry-etching apparatus according to a third 
embodiment of the plasma. processing apparatus of the 
present invention. 

Figure 12 is a top plan view showing slot antennas 
formed in the bottom of the dug .. ahaped cavity resonator. 
as excited in the TB mode, of Fig. 11. 

Figure 13 is a top plan view showing another 
embodiment of the Jlot q.ntenna.s formed in the bottolll of 
the ring· shaped cavity resonator, as excited in the TB 
m.od.e, of Fig. 11. 

Figure 14 is a top plan section showing another 
embodiment of the slot antcnnaa of Pig. 13. 

Figure lf is a vertical cross section showing a 
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microwave dry-etching appata.tut1 according to a fou~th 
embodiment of the plasma p:r:ocessiJi.g apparatus of the 
present invention. 

Figure 16 is a vertical cro~s section showing a 
5 microwave ctry-etch1ng apparatus according to • fifth 

embodiment of the plasma processing apparatus of the 
present invention. 

Figure 17 is a vertioa.1 cross section ir.howing the 
·detail of the matching chamber in the apparq.tus of Figure 

10 16. 
Figure 18 is a vertical cross section showing a 

mi~rowave dry·etcllinit apparatus according to a sixth 
embodiment of the plasma processing apparatus of the 
present .invention. 

16 Figure 19 is a section taken in the direction 
XIX .. XJX of Fig. 18. 

Fig~re 20 b 11. view ,.bowing a filed strength 
distriblltion of the microwaves of a fundamental mode of a 
waveguide having a triangular section. 

20 Figure 21 is a a ection tiken in the direction 
XXI.:XXI of ;F'ig. 18. 

Figure -22 is a vertical cross section showing a 
microwave dry .. etching apparatus according to a seventh 
embodiment of the plasma proceuing apparatus of the 

.25 present inventic;>n. 

30 

· Figure 23 is a section. taken in the direction 
.xxm. xxm of Fig. 22. 

DESCRIPTION OF THE PREFERRED BMBODIMBNTS 

One embodiment of the present invention will be 
described with reference to Pigs. 1 to 6. 

Fig. 1 shows a magnetic field m.ici-owave dry- etching 
apparatus according to one embodiment of a plasma. 

85 processing a.pparatus of the present invention.. Reference 
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numeral 1 designates a proceuin.g chamber which is 
oonstruoted to include a container la, a discharge tube lb 
disposed above the container la. and a quarti; window 2 
fitted in the upper opening of the discharge tube lb, Th_e 
processing chamber 1 thus con$tructed can retain its inside 
ga~·tight. Numeral 3 dedgnates a coil wound on the outer 
side of the discharge tube 1 b. Numeral 4 designates a 

. magnetron for generating microwaves. Numeral S 

designates a waveguide for transmitting the microwaves 
from the magnetron 4. In this oase, the waveguide S is 
constructed to include a reGtangular wa.veguide Sa 
equipped with the magnetron 4 at iU one end for 
transmitting the microwaves in a rectangular mode TB10, a 
circular waveguide Sb connected at a right angle to the 
other end of the rectangular waveguide Sa for transmitting 
the microwaves in a circular mode TM01. and a short­
circuit plate Sc disposed at the other end of the rectangular 
waveguide :Sa for converting the transmission mode of the 

·microwaves to be tra.nsm.itted from the square waveguide 
tube Sa to the circular wavegiJide Sb. ~ume~al 6 
designates a resonator which h connected to the other end 
of the circular waveguide Sb for resonating the microwaves 
in a mode TM011. Numet~l 7 designates a slot antenna 
plate forming the bottom of the resonator 6 and having slot 
antenna holes: 81. Numeral 9 designates a· sample bed 
which is disposed thtough the bottom portion of the 
container la while being electrically isolated, to arrange a 
wafer 10 thereon in the processing chamber 1. Numerd 
11 designates a high-frequency power source connected 
with the sample bed 9. 

In t.he apparatus thus constructed, the inside of the 
processing chamber 1. as defined by the container la, the 
discharge tube lb and the quartz Window 2. is evacuated by 
the (not-shown) evacuator and is then supplied with an 
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etching gas to a desire4 pressure by the (not .. shown) gas 
:;upplier. Moreover, the processing chamber 1 is placed 
in the magnetic field which is established by the coil 3. 
The microwaves of 2.4S GHz in thb case, as generated by 
the magnetron 4, arc transmitted in the waveguide 5, i. e;·, 
in the rectangular waveguide 5a and the cirol.llar waveguide 
.Sb and introd11Qed into the resonator 6. The resonator 6 is 
·equipped at its bottom with the slot antenna plate 7. The 
microwaves, as rad.i•tcd from the slot antenna plate 7, 
establish a predetertnined mode while being transmitted in 
the quartz window 2, until they are guided through the 
quartz windo~ 2 into tbe processing chamber 1. In this 
case. a quartz window 2 is thickened. Specifica.lly, the 
plate thickness is set ta abput 2S mm, and the .distance . 
between the slot antenna and tho plasma interface is. a 
q'Llartor of or longer than the wavelength of the microwaves 
in the medium. Thanks to this distance, the microwaves, 
radiated from the dot antenna plate 7, esta.blish a constani 
mode while pfopagating in the quartz window 2 so that they 
can be introdµ.aed into the plasma, i.e., the processing 
chamber 1. ·The wafer 1 O.; as arranged on the sample bed 
9, is etched with the pla.snia which ia produced by those 
microwave$. In order to control the etching shape of the 
wafer 10, moreover, a bias voltage can be applied to the 
sample bed 9 by· connecting the: high·frequ.ency power 
soutce 11 with the sample bed 9 through the (not-shown) 
matching device to supply the high .. frequency voltage. 

In the present embodiment, a mode converter, l.e .• a 
short .. circuit plate Sc made of a conducting rectangular 
prism of the same size as the section of the rectangular 
waveguide is placed at the junction between the rectangular 
waveguide tube sa· and the circular waveguide tu.be Sb. as 
shown in Fig. 2. and the microwitvcs arc converted from the 
rectangular mode TE10 to be transJnitted in the rectangular 
waveguide Sa into the circu~ar mode TMoi. so that the 

P.12.156 
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miorowaves in the mode TM01 may be transmitted into the 
oircular waveguide Sb. By introducing the microwaves in 
the mode TMo 11 into the resonator 6, there is achieved an 
effect that the mode TM011 can be easily excited in the 
resonator. Moreover, all the waveguide S for 
transforming the mode of the microwaves and for 
tra.nsuiitting them and the resonator 6 are constructed of 
hollow waveguides so that microwaves of high output can 
be introduced without any abnormal discharge in the 
waveguide p~ssage. 

In the bottom of tho re:rnnator 6 in the mode TM011, 
a radh.l surface current 81 flows radially from the center to 
establish a radiating electric field, as shown in Fig._ 3. 
Here, when the transversely ~longated slot antenna holes , 
the slot antenna holes 7b having sloti; perpendicular to the 
surface current are arranged. the direction of the di$1tQ.nce 
of the shortest one of the slot antenna holes 7b is aligned 
with the direction of the ra.clial electric field so that the 
microwave electric field is ol'iented in the same direotion 
as that of the surface current in the slot antenna holes 7b. 
As a result, the microwaves having the surface current in 
the same direction as that of the microwaves in the mode 
TMo i. as resonated in the resonator 6, are radiated into the 
quartz ,window 2 so that the microwaves in the mode TM01 

25 are generated while being transmitted in the quartz window 
2. On the other hand. when the longitudinally elongated 
slot antenna holes. i.e., the slot antenna holes having long 
slots in paral~et with the siirface current are arranged, the 
field to be established in the dot antenna holes in the sa.me 

so direction as that of the surface current is weakened because 
· the distance between the holes is large, so that the 
microwaveli are not substantially radiated into the quartz 
window 2. 

In the present embodiment, on the contrary* slot 
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antenna holes 8 are arranged at an angle neither 
perpendicular nor parallel to the surface curl'ent 81, as 
shown in Fig. ~. With this arrangement, an electric field 
Er in the radial direction a:a.d an electric field E 8 in the . 
circumferential direction are e~tablished in the slot 
antenna holes 8 at a ratio according to the angle 8 
-between the dot antenna holes 8 and the surface current. 
·As a result, into the quartz window 2, there are radiated the 
microwaves of the surface current in which are mixed the 
mode TMo l having the radial electric field and the mo de 
TE01 having the electric fiel4 in th-e direction generally at 
a right angle with re$pect to the radial direction, as shown 
in Fig. 4. The microwaves ln the mode TE01 have the 
highest field intensity at a portion of about one half of the 
resonator 6 diameter so that they are efficiently radiated if 
the ring center~diameter t/Jc. in which the slot antenna 
holes 8 are arranged in the shfl.pe of a ring, as shown in Fig. 
3,. is a.bout one half as large ~s the internal diameter of the 
resonator 6, If the dot antenna holes 8· and the surface 
current 81 make an angle fJ of 45 degree~ and if the ring 
center diameter t/Jc b a.bout one half as large as the 
int.ernal diameter of the resou.ator 6, the microwaves in the 

· mode TM01 and in the mode TE01 are radiated genera.Uy at 
a ratio of 1 : 1 into the quart!: window 2. Both the modes 
TMo l and TE01 have a field intensity distribution of axial 
symmetry. and there is achieved an effe_ct that the plasma. of 
axial symmetry distribution can be easily generated if the 
microwaves having those modes mixed are introduced into 
the processing Qhamber 1. Incidentally, Fig. 5 plots the 
changes in the transmiuivity of the microwave modes 
when the angle 8 between the slot antenna holes 8 and 
the surface current 81 is cbauged. 

The plasma thus generated is highly lost on the wall 
face of the processing chamb~r 1 or the outer 

P.14.156 
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circumference but hardly !oat on the center axis of the 
central portion. By fornti1'8 the plasma generating region 
in a ring shape, therefore. it is easy to establish the plasma 
which is homogeneous over .a wide range. The plasma 
generating region can be foimcd in the ring shape, as 
illustrated in Fig. 6(a), by i'nttoducing the microwaves 
having the mixed. mocles TM91 a.nd TE01 into the processing 

· chamber 1, as in the prese~~ embodiment, and the ring 
diameter of the ring·sha.ped · pla~ina generating region can 
be changed to control the plasma homogeneity by changing 
the ratio of the mode TM01 and the mode TE01. The ratio 
of the modes TM01 and TEoJ can be changed by changing 
the angle 8, at which. the slot antenna holes 8 intersect the 
surface current 81, as has beicn described hereinbefore, the 
shape of the slot antenna holes 8 or the position of the: slot 
a.ntenua holes 8. By adjusting the current or voltage to be 
fed to the coil p wonnd on the outer circumference of the 
discharge tube lb (as arrang~d in two vertical stages in thh 
case), moreover, it is a.lso possible to establish the plasma 
which is substantially homo~eneous over a wide range, as 
illustrated in Fig. 6(b). 

The present em.bo4iment ha.s been described on the 
case in which the mode TM01:1 is excited in the.resonator 6, 
Generally speaking, howevef, when a mode TMom11 

(wherein m and n are positive integers) of higher order is 
excited in the resonator 6, the microwaves, in which a high 
mode TMom (wherein m is a positive integer) and a high 
mode TEoni (wherein, m. is a p oaitive integer) are mixed, are 
radiated according to the arr~nge.ment a.nd· shape of the dot 
antenna. holes~ ~ It is effective, for example, to change the 
width of the slot antenna holes in the longitudinal 

·direction, for a change of thp ratio of the various. 
microwave modes. 

On the othor hand, Fig .. 7 shows another mode of 

, I 
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embodiment of the slot antenna holes Ba, in which the slot 
1t.ntenna:a holes Sa are arranged as shown. By adjusting the 
angle 9, it is pouible to adJ1ut the degree of the 
electromagnetic coupling between the cavity resonator 6 

5 and the discharge tube lb. Specifically, the 
electromagnetic coupling is weak, when the absolute value . 
of the angle (J, is near O degrees, but strong when near 90 
degrees. If th·e electromagnetic coupling is excessively 

·strong, the degree, by which the electromagnetic field in 
10 the cavity resonator deviates from the desired 

electromagnetic field. increases, If the electromagnetic 
coupling is excessively wea.lc, on the other hand, the 
electromagnetic waves are hardly radiated into the 
processing chamber. This makes it necessary to optimize 

15 the coupling degree so that this optimum coupling degree 
can be easily achieved by adjusting the angle 9. 
However. when the slot antenna holes Sa are arranged in 
the cavity resonator 6 in the circular TM011 mode, the 
components in the angular direction (i.e., the direction q), 

20. as radiated ~rom. the a·dj olning dots. are offset (or 
canceled) to leave only the radial component thereby to 
form the microwave power 4istribution ha.ving the recessed 
center. In any event~ this inethod of constructing the slot 

· antenna is not unique to the present mode of embodiment 
25 but can be likewise applie4 to the case in which another 

cavity resona.tor of a following is used. 
On the other hand, the thickness of the conductor 

plate (slot antenna plate 7, 7a) to be equipped with the slot 
antenna holes 8, Sa for the coupling holes usually has as 

30 small a.s 1 mm to S mm but could be exemplified by a thick 
one having about S mm or more. When this thick 
conductor plate is used, the portions of the coupling boles 
act as the wav.eguide in the thickness direction so that the 
degree of freedom for the shape of the coupling holes is 

85 lower than that for the thin construction. If the longer 
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side of a rectangular waveguide is smaller than one half of 
the wavelength of the microwaves (or the electromagnetic 
waves) in the free space, the clectro111agnetic field will not 
propagate in the axial direction of the waveguide tube but 
will attenuate according to an exponential function. 
When the thick conductor plite is used, therefore. it is 
necessary to make the length of the slot antenna holes or 

·the coupling holes in the longitudinal direction larger than 
the half wavelength. When the microwaves have a 
frequency of 2.45 GHz, the wavelength in the free $pace is 
122.4 .tnm so that the length of the longitudinal slot antenna 
hohi a.xis has to be larger than 61.2 mm. When the thick 
slot antenna plate is used, however, the coolant can be 
circulated to cool down the insi4e of the slot plate. 

A second embodiment of the present invention will 
be dcaotibcd with reference to Figs. 8 and 9. The same 
reference numerals of Figs. 8 and 9 as those of Fig. 1 
designate the common membeu, and their description will 
be omitted. The difference of Figs. 8 an4 9 from the 
aforementione4~ one embodiment resides. in that the qu.artz 
window is a ring shape, in that the center portion of the. 
slot antenna plate faces the processing chamber 1, and in 
that the slot antenna plate is provided as a grounded 
electrode 12 in opposition to the wafer 10. By providing 
the possible to improve the homogeneity of the high~ 
frequency voltage to be applied to the wafer 10, in the 
plane pf the wafer 10. As a result~ the enetgy of the ions 
to be introduced into the w~fer 1 O is uniform in the plane of 
the wafer 10, thu.s providing an effect that a homogeneous 
etching treatment can be ensured. The elec

1 

rode 12 is so 
constructed that it can control the temperatur and feed the 
gas through a supply line 13 for the gas. a c olant a.nd an 
elc~tric powe~. , The structure of the electr de 12 is 
shown in Pig, ·9. In Fig. 9, the etching gas s introduced 
from a ga,i feed port 14 an4 is distributed in o the 
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processing chamber l throqgh a distribution plate lS. Tho 
gas can be easily feel front above the wafer 10, and the 
radicals. as produced by the plasma, can be efficiently 
conveyed to the wafer l 0, thereby to provide a.n effect to 

5 improve the etching rate and the etching homogeneity. · 
Moreover. the coolant., the temperature of which is. 

. controlled by the chiller u.nit (noi·shown), flows in the 
·electrode 12 :through a coolant feed/discharge port lG so 
that it can control the teinperat1lte of the electrode 12. Aa 

10 a result, the deposition rate of the pla.sma ovetlapp ed film 
to deposit on the electrode 12 can be controlled to control 
the radical composition in the plasma. thus providing an 
effect to prevent the aging of the etching characteristics 
finally. The electrode 12 is protruding at its center to 

16 match the shape of the microwa.v~ introduction window 2a, 
but this protrusion d. as shown in Fig. 9, is arbitr11.ry. If 
this protrusion dis adjusted to adjust the area ratio between 
the bottom and the aide of the microwave introduction 
window 2a. the direction a:u.d the amount of the radiation of 

20 the microwave power can be controlled. Moreover, the 
electrode 12 ~o~ld not be electrlcally grounded to supply a 
high frequency. 

On the other hand. Fig. 10 shows another embodiment 
of the electrode 12 shown in Pig. 9. In tnis embodiment, 

25 a heater 17 is embedded in the electrode 12. which can be 
heated to 100 or l;iisher to easily reduce or prevent the 
deposition of the plasma overlapped film. In this caae, it 
is possible to suppress the duat production which might 
otherwise be caused by tho separation or the like of the 

so plasrna overlapped film, as depof;ited on the electrode. 
Finally .. there is achieved an effect to improve the yield of 
the semiconductor element. 

By changing the angle at which the surface current to 
flow on the sl.ot antenna plate of the bottom fa.ce of the 

I 

815 cavity resonator for introducing the microwaves and the 
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slot q.ntcnna disposed on the bottom face intersect, 
4ccording to the first and ae:cond embodiments, the ratio of 
the modes of the various microwaves to be radiated from 
the dot antenna can be changed to provide an effect that 
the homogeneity cf the microwave plasma to be generated 
can be easily controlled. 

A third embodiment ot the present invention will be 
· described with reference to Figs. 11 and 12. When a 
plasma exists in a closed space, it is lost on the wall fa.ce of 
the discharge tube so that its density distribution has a 
tendency to be high at the center of the space and sloping 
down to the edges. A simih.r tendency is also taken by the 
plasma to be used i:n the pla~ma processing apparatus and 
may form one cause for in uniformity of the plasm.a 
processing. In order to eliminate this cause. it is 
conoeivable to set such an q.mount of plasma, to increase an 
amount of the plasma in the vicinity of the wall face. 
When the substrate 32 to be treated has a disc shape, it is 
natural to use the plasma procening chamber 21 having a. 
cyli:nilrical shapo. In this case, the plasma loss on the 
cylinder side will exerh influences upon the uniformity in 
the sub~trate torbe plasm.a processed. In order to damp the 
plasma nonuniformity ip. the vicinity of the substrate by the 

. distribution. of the amount of generated plasma, it b 
necessary to adjust the plasma. clistribution into the ring 
shape which is high in the vicinity of the side walls and low 
at the center. When a squ.are processing chamber is used, 
it is also necessary to adju.~t the ring-shaped plasm.a 
distribution which is high in the vicinity of the proceasing 
chamber wall face and low at the center. 

The amount of generated plaswa has a positive 
correlation to the amount of pla.sma generating energy to be 
consumed. The consumption rate of the energy for 
generating the plasma is determined by the ratio between 
the supply an4 •oss of the energy. In order to adjust the · 
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distribution o.f generated pla•ma to the ring shape which is 
high in the vicinity of the side walls and low at the oentot1 

therefore, it is important tlta~ the dhtribution of energy to 
be supplied to the plasma he formed into the ring shape .. 

Fig, 11 is a section showing an etching apparatus 
using the ri~g-sha.ped cavity resonator according to· the 
.present invention. Microw•ves are used as the energy 
aource for generating the plasm.a. For the ring-shaped 
power distribution. it is possible to use a ring-~hapecl 
cavity resonator 27. For the microwaves having a. 
wavelength ii. of about 1 O ctn in the free space. the 
electromagnetic field in the cavity resonator 27 has a 
tendency to ta.ke a. distribution in which it exhibits a 
periodic intensity change hi an order of about 10 cm. 
When the diameter D of the substrate 32 to be treated 
gradually increases from 10 inches (i.e .• about 254 mm) to 
12 inches (i.e., about 305 mm), for example, the ring­
shaped cavity resonator 27 h also required. to have an equal 
order size. This causes the ring .. shaped cavity resonator 

20 27 to be exemplified by one which takes a disttibution 
having sever~l to ten and several peaks in its internal 
electromagnetic field. 

The microwa.ve power, aupplied by the microw•ve 
generating source (not·:ihown):. is transmitted through the 

25 isolator (not sh\own) and the mJLtching device (not shown) 
to the ring-shaped cavity resonator 27 by a rectangular 
waveguide 26. The ring .. shaped cavity resonator 27 is 
provided with a microwave radiating hole 28 to radiate the 
microwaves to the plasma discharge tube 21 through a 

so microwave introduction window 23. The ring·shaped 
cavity resonator 27 is made of a material having a high 
conductivity fiuch as aluminum or copper for reducing the 
loss in the :m.icrowave power. The microwave 
introduction window 23 is made. of a dielect:ric material 

35 such as quartz or alumina ceramics, which causes little loss 

P.20/56 
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in the microwaves or whicb. is reluctant to exert adveue 
effeci~ llpon the plaama processing. On the other hand, 
the :microwave introduction window 23 is formed into a 
ring shape according to the ring-shaped cavity resonator . 

fi 27. The plasma is genera.ted in the pla11ma. discharge tube 
21 with the microwaves which are radiated from the 
microwave introduction window 23 into the plasma 

·discharge tube 21. 
This microwave introdl.lction window 23 also haa a 

10 ring ahape. The microwaves, as radiated from the cavity 
resonator 27 through the coupling hole 28, are radiated 
into the plasma discharge tube 21 from planes parallel to 
and normal to ih.e center axb of the microwave introduction 
window 23, If the diac .. shaped part 24 is made of a 

16 ~ubsiance having a high conductivity. the microwaves are 
reflected on the surface of the disc- shaped part 24. By 
adjusting the thic.kness t of the disc .. •haped part 24, the 
area to be exposed to the processing chamber in parallel 
with the center axb of the microwave introduction window 

20 23 can be adjusted to adju11t the ratio of the microwave 
powers to be tfl.diated from the two faces of the raiorowtive 
introduction winclow 23. Specifically, if the thickness t 
of the disc-shaped part 24 is inade ~ubstantially as large as 
the thickness of the microwave introduction window 23, a 

25 plane in para~lel with tbe center EJXis of the microwave 
introduction window 23 can \le completely shielded to 
eliminate the microwave power to be radiated from that 
pla.ne. By reducing the t~ickne$s t of the disc-shaped patt 
24 to expose the plane in ptlrallel with the center axis more 

BO to the plasm.a discharge tube 21, moreover. it is possible to 
increase the ratio of radiation of the microwaves from that 
plane, . By eontrolli:a.g the ratio of radiation of the 
microwave powers from the i:iforeme.ntioned two ·planes of 
the microwave introduction window 23, the distribution of 

85 the microwave powers in the plasma discharge tube 21 can 
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be acljusted to adjust the distribution of the amount of 
plaama. to be generated. 

Specifically, the microwave power to be supplied 
from the microwave introduction window 23 to the plasma 

5 can be optimized by adjusting the thickness t of the 
microwave introduction window 23. The thickness t of 
the microwave introd.uction window 23 is adjusted in a 
direction to increase or decrease with respect to the 
thickness of several times of the half wavelength of the 

10 microwaves in accordance with the impedance of the· 
plasma acting as a load, as viewed from the microwave 
introduction window 23 so that the impedance can be 
matched to optimize the transmitted power. Thus, it is 
necessary to optimize the thickness t of the microwave 

15 introdtt.ction win4ow 23 at ibe designing stage. 
A disc-shaped part 24 is surrounded by the 

microwave introduction window 23. A processing 
chamber is constructed to· include the ves#!el 20. the plasma 
discharge tube 21, the microwave introduction window 23 

~o and the disc-shaped part 24. The processing chamber thus 
constructed can retain its hlside gas .. tight. With this 
arrangement; the disc .. shaped part 24 can be supplied with. 
an electric power, a procesdng gas or a coolant through the 
axial portion of the ring-shaped cavity resonator 27. As a 

25 result, the disc-shaped part 24 can be heated. or cooled to a 
temperature suitable for the treatment by the temperature 
control mechanism (not shown). When the disc-shaped 
part 24 is to be heated, it can be heated by embedding a 
heater or the ~i~e in the disc .. shaped patt 24. When this 

30 disc- shaped part 24 is to be cooled1 it can be cooled by 
embedding a passage for the coolant such as water in tho 
disc-shaped part 24. 

Moreover, the p_lasma discharge tube 21 can be 
supplied with a predetermined flow rate of one or more 

85 kinds of atmospheric gases suitable for the treatment by 
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connecting a gas feed mechanism 2S to the disc· shaped 
part 24. Moreover. the plasma to bo generated can be 
adjusted by supplying a high-frequency power to the 
disc .. shaped part 24. The vessel 20 is controlled at a 
pressure suitable for the treatment by connecting tho 
discharge system {not shown) to the proces~ing chamber 
21. On the other hand1 the disc .. shaped part 24 is 
electrically grounded to the earth and can be used as the 
electrode for grouading the bigh frequency which is fed by 
a power source 31 for a high frequency stich as 13 .S6 MHz, 
connected through a mq.tching device (not .. shown) with the 
substrate 32 to be treated. 

N ext1 the action. of the dbc-shaped part 24 as the 
grounding electrode will be described with refctence to 
Fig. 11. The high.frequency current in the plasma is 
mainly an ele9tfon current having a small ma&s and liable to 
follow the high-frequency electric field. However, if the 
static magnetic field Ha by the plurality of static magnetic 
field generators 29 and 3 O h applied, it suppresses the 

20 · motions of the electrons perpendicular to the static 
magnetic field so that the hlgh-frequenoy current in that 
direction becomes reluctant to flow. As a tes11lt, the 
high-f:requency current flaws mainly along the static 
magnetic field H1 • The disc-shaped part 24 is disposed to 
confront the substrate 32, and the static magnetic field H1 

is a.pplied substantially normal to the substrate 32, so that 
the current to be fed by the high frequency applied to the 
substrate 32 flows subatantia.lly uniformly between the 

30 
substrate 32 an4 the diso .. shaped part 24. As a result. ~he 
rates of the high- frequency currents to flow at the 
surrounding and in the vicinity of the center are 
snbsu.ntially equal even for the substrate 32 having the 
diameter D of 10 incb·c1 {about 254 mm), 12 inches (abotit 
305 mm) or more so that the influences of the high 

P.23.156 
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frequency to be exerted upoii the substrate 32 can be 
uniformed. 

In addition, the gas ca.n be supplied uniformly from. 
the disc-shaped part 24 to the processing chamber. 

5 This sub'sttate 32 is a disc .. shape4 substrate having a 
diameter of 10 inches (i.e~, about 254 mm), 12 inches (i.e·., 
about 30S m.m,J or more. A plurality of static magnetic 
·field generators 29 and 30 are disposed around the plasma 
·discharge tube 21 so that a static magnetic field H$1 having 

10 a magnitude for causing all electron cyclotron tesonance 
phcno:m.cnon can be generated in the processing cha:m.bor. 
The static magnetic field H1 is generated substantially in a 
direc.ition normal to the sub~trate 3 2 to be treated. If the . 
microwaves have a frequency f of 2.4S GHz. the magnitude 

15 of the static magnetic field Ha fot causing the electron 
cyclotron resonance phenomenon is 0,0875 tesla. If the 
plurality of static magnetic field. genera.tors 2!:) and 3 O are 
electromagnets~ the sti:Jtic magnetic field distribution in 
the pr·ocessing chamber ca~ be controlled by adjusting the 

~O rJ\te of the current to be fed to the electromagnets, thereby 
to control the poshion af which the st4tic magnetic field 
reaches a magnitude for ca1uing the electron cyclotron 
resonance. Even if another static magnetic field 
generator is used, the static magnetic field in the 

2lS processing chamber can be controlied by adjusting the 
positional relation between the static magnetio field 
generator and the processing cham.bet. Incidentally, in 
the plasma processing apparatus using the electron 
cyclotron resonance phenomenonJ the microwave power is 

so intensely absorbed in the place of the electron cyclotton 
resonance so th1&t the plasma is generated mainly in that 
place. The region for generating the plasma can be 
controlled by controlling tho st3tic magnetic field. On 
the other hand, the electrous in the plasma are suppressed. 

35 from moving in a direction perpendicular to the static. 
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magnetic field. As a resuh, the diffusion of the electrons 
into the plasma can be controlle4 by adjusting the static 
magnedc field. 

On the other hand. the electron cyclotron resonance 
5 phenomenon oecuri; when. the clectrio field E of the 

microwaves and the static magnetic field (in the direction 
-z) intersect e

1
aJh othor ait a right angle. For using tho 

-electton cyclotron resonance phenomenon, the TE mode 
(because the electric field E is generated in the radial 

10 direction (i. c., the direction r) of the cavity resonator 27) 
is more advantageous than the TM mode (because the 
electric field E is generated in the axial direation (i.e .• the 
direction z) of the cavity resouator 27). 

On the othe:r hand, the TM mode is advantageous for 
15 reducing the sb:e of the ap!Jaratus because there is the 

mode in which the eleotromagnetic field does not change i:a. 
the axial direction (i.e., the direction z) so that the 
iesona.tor height h can be reduced. 

An exa1;111?le of the size of the ring .. shaped cavity 
20 resonator in the TBm1 modo for the frequency of 2.4S GHz 

of the microwaves is tabulited in the following Table 1: 
Table 1 

Mode Inside radiu.s 1 Outside radius b Hei2ht h 
TB~n 6S m:m 120 mm 109 mm 

TEst 189 mm 144 m.m. 109 mm 
TB61 113 mm 167 mm 109 mm 

TE•11 136 mm 191 mm 109 mm 
TEu 160 mm 215 mm 109 mm 

Likewise. an example of the size of the ring-shaped 
25 re$Oll.a.tor in t~o TMinJ mode for the frequency of 2.45 GHz 

ot the microwave~ when the electromagnetic field does not 
change in the axial direction is tabulated in the following 
Table 2: 
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Table 2 
Mo.de Inside radius a Outside radius b 
TM.51 63 m.m. 172 mm 

TM61 R6 mm 195 mm 

TM11 110 mm 219 mm 

TMn 133 mm 242 mm 
TM91 157 mm 266 mm 

TM31 85 mm 155 mm 

TM41 
r 

12S mm 195 mm 

TMs1 165 mm 235 mm. 
TM61 206 mm 276 mm 

TM11 246 nun 316 mm 
TMs1 2a6 mm 356 mm 

Incidentally, .when the i:adiation hole 28 (or coupling 
hole or slot) for radiath1g the :m.icrowav~s h formed in the 

lS cavity resona.tor 27., tbe eleGtroma.gnetic wa.ves can be 
efficiently radiaied if the ta4iation hole 28 h formed in " 
slot pa.ra.Uel ~o the microwave magnetic field. For 
reducing the .powe:r loss of th~ microw~vcs, the cavity 
resonator 27 is,.made of a snbstQnce having a high 

10 · conductivityt :the microwave magneti~ field His in par•llel 
with the inner face of tlle cavity resonator 27 and 
perpendicular to the electric field E. As shown in Fig. 12 
(presenting the ciue of the TE4 l mode), an angle 8 
between the magnetic field Fl and the radiation hole 28 c·an 

15 be adjusted to adjust the electromagnetic field in the cavity 
resonator 27 aJLd the intensity of the electromagnetic 
couplin$ between the microwave introduction window 23 
and the plasma discharge tube 21. Thereby, the 
eleotroinagnetic field in the cavity re:rnnator 27 is kept in 

20 the cledred mo.de, and· the microwaves can be efficiently 
ra4iated il\to the pla•m.a discharge tube 21 

Another, ~etho4 of a4jul!lting the ele.ctrom.agnetic 
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field in the cavity resonator 27 and the intensity of tho 
electromagnetic coupliug between the microwave 
introduction window 23 an4 the plasm.a discharge tube 21 is 
exemplified by controlling the length of the slot antenn• . 

5 hole. The e~ectrom.',gJietic coupling can be weakened, if 
the slot antenna hole is shol!tened, but intensified if 
elongated. 

In the case of tb.c TEm.1 in.ode in the ring·sha.ped 
cavity tesonator 27, as shown in Fig. 12 (presenting the 

10 case of the TB41 mode) .. the JDicrowave magnetic field HT:s 
has no radial (Le., in the dirc=ction r) component in a plane 
normal to the center axis. 'f.s a result, when the angle 8 
between the axial direction a.nd the radial direction (i.e., 
the direction r) of the dot antenna. hole acting as the 

15 radiation hole 28 h small. tlj.e electromagnetic field in the 
cavity resonator 27 and the ~lectromagnctic coupling 
between the microwave intrdduct!on window 23 and the 
pllsma discharge tube 21 ar~ increa.•ed. By forming the 
dot antenna hole or the ra4i.tion hole 28 into the shape as 

20 shown, moreover, the ridiq.J .component of the 
electromagnetic field of the 1mic:rowavcs, as radiated from 
th~ adjacent slot antenna hole, ia offsei (or ca.ncclcd), so 

· that the electromagnetic fiel4 having the angular 
camppnent (i.e .• in the cUrec\tian q), that is, composed 

25 mainly of the TEon. mode (n;:: 1, 2, 3, • • .. ) are radiated 
through the microwav·e int1'P4uction wind.ow 23 into the 
plasm.a discharge tube 21. A~ a result, the plasma to be 
generated takes a ting •hape having a recessed center. 
Even if the diameter D of th' substrate 32 to be treated is 

so 10 inches (ab<>ut 254 "mm), 1~ inches (about 305 mm) or 
more so that the plasma di~appeau on the processing 
cha.mber wall face, it is possdble to perform the pla~ma 
processing which is uniform. :in the radial direction of the 
substrate 32, such as the etching treatnient. 
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The microwave electric field of the case of·the TMml 
mode in the rin.g .. shaped cavity resonator 27 and the 
surface current to flow in the bottom of the cavity 
rasona.tor are schematically shown in Fig. 13 
(corresponding to the case of the TM&1 mode). The 
microwa.ve electric field ETM has only the axial component 
·(i.e .• in the direction z) so that the antinocle of tho standing 
· wave b fo~med. in the ang1dar direction (i.e., in the 
direction q). On the other hand, the surface current to 
flow through the bottom of the cavity resonator 27 flow& 
radially from the ceuteJ or the location of the antinodc of 
the electric field standing wave. Thus. Fig. 13 
(presenting the case of the TM61 Jnode) shows the ca5e in 
which the slot ~r the ra4iittion hole 28a between the 
antinodes of the electric field standing wave is formed · 
perpenclicular to the surface current and radially of the 
center of the cavity resonator 27. The electromagnetic 
field ma.inly in the mode TE1$ 1 h radiated :Crom t.h" 
radiation hole 28at., as $hown in Fig. 13, through the 
microwave introduction window 23 into the plasma. 
discharge tube 21. Aa a. result, ~he spotsi as formed at the 
tips of the radiation holes 28a, oan merge into each other to 
generate the ring-shaped plasma having the recessed 
center. 

25 Fig. 14 (presenting the case of the TMtn mode) 
shows the case in which the $!Qt antenna. holes 28a are 
alternately formed. In this case, the electromagnetic 
field mainly in the TEoii mode (:ii::::: 1, 2, 3 ..... ·)is radiated 
from. the slot antenna holes 28a through the microwave 

so introduction window 23 into the plasma discharge tube 21 
so that the dug-shaped pla1una having the recessed center 
is generated. Even if the 4ia.meter D of the substrate 32 to 
be treated is 10 inches (abou~ 2S4 mm), 12 inches (about 
3 OS m:m) or more so that the plasma disappears on the 
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processing chamber wan face • it is pouible to perform the 
plasma processing which b uniform in the radial direction 
of the substrate 32, sqch a11 the etching treatment. 

Incidentally, in the present embodiment, even 
5 when the diameter of the substrate 32 gradually 

increases from 10 inches (e.g., about 254 mm) to 12 
inches (e.g., about 305 m~), for ex.ample, a ring· 
·shape4 plasma haviiig a recessed center portion may be 
·generated 110 as to effect the uniform plasma 

10 processing over the r~dial direction, but the ring· 
:ihaped cavity resonMor need not always be used,. as 
will be described hereinafter, 

liext, a forth embodhnent of the present invention 
will be described with reference to Fig. 1 S. The same 

15 reference numerals of Fig. 15 as those of Fig. 11 designate 
the common members, and their description will be 
omitted. The differenge of Fig lS from the 
aforementioned. third embodiment resides, in that a cavity 
resonator which is low higll is used, ,in that no static 

20 magnetic field generator is provided, and in. that high­
frequency power source is not used. The microwaves of a 
frequency of·2.4S GHz, as radiated from the not-shown 
microwave source su.ch as JJ magnetron, are introduced 
through the isolator (not shown) iJ,nd the :matching device= 

. 25 (not .shown) into the ring .. sh~ped cavity resonator 27 by the 
sq~a.te waveguide 26a. The cavity resonator 27 is 
equipped in its bottom with the slot antenna holes 28a for 
feeding the microwaves to the plasma dhcharge tube 21 
through the ring·:ihaped microwave introduction window 

so 23. The ring-shaped cavity resonato1· 27 and the 
miciowave int.roduction wiJJ.dow 23 are equipped at their 
center with a gas supplier 24q. which is connected to the gas 
feed pipe 3 3. The face of the gas supplier 24a, as 
confronting the plasma clischarge tube 21, is provided with 

85 a plurality of gas feed holc11 for feeding one or more kind.s 
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of processing gases at pre4etermincd flow rates to the 
inside of the plasma dhcharge tube 21. 

Next, a fifth embodhnent of tho present invention 
will be described with reference to Figs. 16 and 17. The 

6 same reference numerab of Figs. 16 and 17 as those of Pig. 
11 designate the common members. and their description· 
will be omitted_. The diffHence of Figs. 16 and 17 from 
the aforementioned third einbo4iment re.sides. in that a 
microwave solid circuit is used for transmitting the 

I 

10 microwaves, and in that the slot antenna plate as Fig. l is 
used. The microwaves, as ra~iated from the microwave 
aource 9 9 , are transmitted thtough the isQlator (not• 
shown) and matching device to a coaxial line 37 by the 
rectangular wavegui4e tube. The coaxial wa.veguide 

15 converter 38 can transmit the microwave power with a little 
power loss from the rectangular wavegui4e to the coaxial 
line 3 7. The coaxial line 3 7 is provided a.tits leading end. 
with a matching chamber 40 far transmitting the microwave 
power efficiently into the cavity resonator 36 while 

20 preventing the reflections of the microwave power, as 
might otherwhe be caused at the boundary between a cavity 
resonator 36 and the coaxial line 37, 

When a reflected wave b to be synthesized by setting 
the height L of the matching chamber 40 to one quarter of 

.25 the wavelength ~ of the microwaves. as shown in Fig. 17. it 
is offset (or canceled) by the shift of the phase of one hq.lf 
so that the reflection of the microwave power can be 
suppressed. In other words, the matching cham.b er 40 may 
be given an im.pcda.nce matching action by inserting a line 

80 having a different im.,ped.ance but should not be limited to 
the con~truction of Fig. 16. 

Incidentally. the power of the mic:rowaves (or 
electromagnet~c· wave•) is partially reflected by the 
portion, if any, where the constant or boundary of the 

Bl> medium discontinuously changes. If the waveguide path 



c RECEIVED az11• a9:s2 1997 AT S33H&9• . PAGE 31 CPRIHTED PAGE 31> 1 
1997- 2-14 10:39 l:'Pf:htJI-"' **""" N0.630 P.31.156 

\ 

I 
I 
I 
I 
I 
I 

I 

5 

10 

15 

20 

- 28 -

is connected so a.s to excite the cavity tesonator 36. 
reflections occur in the connection plane to exert adverae 
effects upon the efficient transmission of the microwave 
power into the plasma dbcharge tube 21. By providing· 
the matching cham1Jer 40 in the bonnection .portion to 
op'ti.mir;e its diameter and height thereby to cancel the . 
reflected waves, therefore, tbe microwave power oe.n be 
efficiently transmitted in its entirety into the plasma 
discharge tube'21. 

Thereby, the microwave pqwer can be transmitied. 
with a low power lo~s from. the square waveguide tube 
through the coaxial waveguide tube transformer 38 to the 
coaxial line portion 37 an4 further efficiently into the 
cavity resonator 36t while p?eventing by the matching 
chaml>er 40 its reflection which might otherwise be caused. 
at the boundary between the cavity resonator 36 and the 
coaxial portion 3 7, so tha.t the resonance can be effected in 
the mode called the circular TM011 mode, in which the 
electromagnetic field h not change4 in the angular 
direction (i. e· .• the direction q) with respect to the cavity 
resonator 36'. 

The cavity reaonator 36 is constructed to have such a 
size as will resonate hi the in.ode called the circular TMOl l 
mode, in this caae. This cavity resonator 36 h made of a 

215 metal having a high conductivity such as aluminum or 
copper to prevent the loss h1 the microwave power. The 
cavity resonator 36 h provided at the side of the microwave 
bitroduotion window 34 with a slot antenna plate 35 for 
radiating the microwa'Ves through the microwave 

so introduction window 3 4 into tbe plasma discharge tube 21. 
The slot antenna plate 35 have slot antenna boles 8 as 
i;.howiug in fig. 3. T_he material for the microwave 
introduction window 34 is exemplified by quartz or 
alumina ceramics having a low loss in the microwaves to 

86 exert no adverae infl\lencc upon the plasma processing. 
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The ptocessing chamber b covered with a quartz cover so 
that it may not be invaded by a foreign substance. As a 
result, the ring-shaped microwave electromagnetic field is 
radiated from the slot antenna hole 8, which is formed hi 
the bottom of the cavity re11onator 36, through the 
microwave introdtiction window 34 into the plasma 
·discharge tube 21, and the electron cyclotron resonance 
·phenomenon is catised by the static magnetic field H1 by 

the static magnetic field generators 29 and 30 thereby to 
generate the ring-shaped plasma. having the recessed 
center. The high .. frequency power by the high .. frequency 
power source s·1 ia supplied the substrate electrode so 
that the substrate 32 is subjected to the plasma 
processing or the etching treatment. 

The circular TM01 l mode is advantageous for 
radiating the microwaves homogeneously in the angular 
direction-because the electtomagnetic field docs not 
change in the angular direction (i.e., the direction q). In 
order to excite the circular TM011 mod.e, it is necei;sary to 

use the waveguide path which is so connected that an 
electromagnetic field similar to the ci.rcu.lar TMo 11 mode is 
established in the connection plane. In the present 
embodiment, the coaxial line 37 is co:q.nected to the center 
of tho cavity re~onator 3 6 110 that a similar electromagnetic 
field can be established. As a result, the microwaves can 
be excited in the circular TM011 mode in which the 

electromagnetic fielcl will .not change in the angular 
direction (i.e., the directio» q) with respect to the cavity 
resona.tor 36. 

The slot antenna plate 7 is provided on the bottom of 
the cavity resonator. 36. ln. the bottom of the cavity 
resonator 36 in tho circular TMo11 mode, there flowtt a 
surface current 81 (as indicated by a vector 1) radially from 
the center axis. If the angle (J between an outward unit 

P.32/56 
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vector 82 (as indicated by a vector n1) in the longitudinal 
direction of slot a.ntennas hole 8, as shown in Fig. 3, and. 
the radial direction is adjusted, it is possible to control the 
magnitude of the surface current to be shielded by the slot 
antenna hole 8 and the direction of the electric field of the 

. microwaves to be radiated, to be radiated into the plasma 
discharge tube 21 oan be oontrolled. In the case of the 
slot antenna of Fig. 3, when the angle 9 h near 90 degrees, 
the ratio of the electric field· component in the radial 
direction increases. Whe:p. the angle 8 is near O degrees., 
the t~tio of the electric field component in the axial 
direction :lncreases. It is also considered that the 
intensity of the eloctro:magnetic field to be radiated is 
proportional to the mag:a.itl.lde of the current to be shielded 
by the slot antenna hole 8, It followJ that the intensity of 
the electromagnetic field to be radiated is proportional to 
the magnitude of the vector product of n11 XI of the vectors 
n8 and J. On the other hand, the surface current J'p to be 
induced in the slot antenna plate 35 by the slot antenna hole 
8 is perpendicular to the 1QI1.gitudinal direction of the slot 
antenna. hole 8. If the slot antenna hole(i.e .• the coupling 
holes) 8 is arranged. as shown in Fig. 3, the surface current 
Ip has a component (in the TB01 mode) to flow in the 
angular direction (i.e .• the direction q) of the slot antenna 
plate 3 5 so that. the intensity distribution of the electric 
fiel4 of the microwaves, as distributed in the ring shape. 
can be achieved. By m.akh1g the angle 9, more 
specifically, the microwave electromagnetic field in the 
TE01 mode and the tnicrow4ve electroinagnetio field in the 
TMo 1 mode are emitted in the synthesized formt as 
illustrated in Fig. 4, from the slot antenna hole 8 through 
the microwave introduction window 3 4 into the plasma 
discharge tube 21. Incidentally, the microwave 
electromagnetic field (i.e., the ring .. shaped microwave 
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electromagnetic field) in the TB01 mode establishes the 
ting-shaped microwave power distribution having a. 
recesse4 center to generate the ring .. shaped plasma. On 
the other hand, the microw$ve electromagnetic field in the 

15 TM01 mode establishes the microwave power distrib'IJtion · 
having a recessed center. 

Thanks to the angle 81 as has been described 
hereinbefore, the ring .. shaped microwave electromagnetic 
field (i.e .• the microwave electromagnetic field in the TE01 

10 mode) is racliated from the dot antenna hole 8 through the 
microwave introduction window 34 into the plasma 
discharge tube 21 so that the ring-shaped microwave power 
distribution having the recessed center is established to 
generate the ring .. shaped plasma. Even if the diameter D 

16 of the substrate 32 to be treated is 10 inches (i.e .• about 
25 4 JQ.m), 12 inches (i, c.i about 3 OS mm) or more so that the 
plasma disappears on the pfocessing chamber wall, a 
homogeneous plasma proceuing can be realized in the 
radial direction of the substrate 32. 

20 By thus adjusting the angle 8 of the aforementioned 
slot antenna bnh K. the extent of the aforementioned 
ring .. shaped field intensity 4istribution can be adjusted to 
control the homogeneity of the plasma. This method of 
constructing the slot antenna is not unique to the .present 

25 etnbodiment but can be likewise applied to the case in 
which another cavity resonator of the third or forth. 
embodiment is used. 

According to the prese31t emllodiment, there can be 
achieve4 an e~fect that a sub~tra.te to be treated, as large as 

so 10 inches or more, can be subjected to a plasma processing 
such as a homogeneous etching treatment. 

According to the present einbodiment, moreover, the 
power lo~s hi the microwave solid circuit pnrti nn of the 
plasm.a processing apparatus using the microwaves can be 
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suppressed to provide an effect for making effective use of 
the m.icrowavo power. Thainks to the suppression of the 
power loss, still moreover, ihe're can be achieved an effect 
for suppressing the unnecessary heating of the microwave 

l5 solid circuit portio:n. 
A sixth embodiment ()f tho present invention will 

be deuiribed with reference to Figs. 18 to 21. 
Fis. 18 shows a magnetic filed microwave dry 

·etching apparatus according to one embodiment of the 
10 plasma processing apparatqs of the present invention. 

The inside of a processing chamber 1, as defined by a 
container la, a discharge tube lb and a quartz window 2. is 
evacuated by tb.e (noi .. shown) evacuator. After this, an 
etching gas is introduced by the (not .. shown) gas feeder 

15 into the processing cha:mbet l to adjust it to a desb"ed 
prc_ssure. On the other hand, the processing chamber l is 
in the magnetic field region which is generated by a coil 3. 
The microwaves of 2.45 GHz, as oscillated from a 
magnetron 4. propagate in at. rectangular waveguide 44 an4 

20 further through a. coaxial waveguide converter 3 Sa info a. 
coaxial wave~uide 37a. · The microwaves having 
propagated in the coaxial waveguide 37a are introduced 
through a matching chamber 40a into a cavity resonator 
36a. In the bottom poi-tion of the cavity rei;onator 36a, 

25 there is disposed a slot antC'nna 1 o. The microwaves, as 
radiated from this slot antenna 10, propagate in a mode· 
filter 11 and are then introduced through the quartz window 
2 into the processing chamber 1. A wafer 10, as arranged 
on a sample bed 9, is etched. with the plasma which is 

ao · generated by the nlicrowaves. ln order to control the 
etched shape of the wafer 101 on the other hand, a high­
frequency power source 14 is connected with the sample 
bed 9 through a matching device so that it can apply a 
high .. frequency voltage. 

85 Fig. 19 is a view of sectio11 . XJX .. XJX, as taken in tho 
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direciion of arrQW, of the mode filtet 41 of Fig. 18. A slot · 
antenna hole B ·is so arranged in a ring direction as is 
inclined at a constant t1-ngle wit~ respect to the radial 
direction. The oavity resonator 36a is designed to 

6 resonate in a TM011 mode. As a· ;result, a TM01 mode arid 
a TBo 1 mode, as mixed, are introduced from the 
a.forementioned so-called "slot antenna'' into the mode 
filter 11. This m.o4e filter 41 is constructed to include a 
plurality of waveguide~ 42 having a generally triangular 

10 section. As shown in Fig. 20, each waveguide 42 having 
the triangular section is sized to propagate only 
microwaves in a single mode. Fig. 20 shows a strength 
distrillution of the electric field 17 of the microwaves to be 
transmitted. As a result, the overall field strength 

111 distribution of the waveguides 42 having the triangular 
section is generally identical to the TE01 :mode having the 
ring .. shaped field strength distribution, as $hown in fig. 21. 
By thus providing the modo filter 41 of the TB01 mode 
between the slot antenna plate 7 and the microwave 

20 introducing w.ill!dOw 2. only the microwaves in a TE01 (n: a.n 
arbitrary positive integer) having the ring-shaped strength 
distribution can be inttoquced into the processing chamber 
1. Th~s, the generally ring-$haped plasma. distribution is 
established on the BCR face or the main plasma generating 

25 region so that a homogeneous plasma distribution can be 
achieved on the wa.fer 10 thereby ,to provide a.n effect that 
a homogeneous plauna processing can be achieved. 

In another embodiment of the mode filter, an inner 
conductor is provided at the centet portion of the mode 

80 filter 41. This mode filter is formed to have a donut· 
!Jhaped (or ring-shaped) section. The highest field 
strength is generally located at an intermediate position 
between the ext~tnd diiimeter rp C of an inner conductor 18 
and the internal diameter tP D of the mode filter 41. By 
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selecting the ¢ C and t/J D ,;uitably, therefore. it is possible 
to alter the poaitian where the field strength of the 
microwaves to be introduced. into the processing chamber 1 
takes the maximum. A,; a result, the ring diameter of tb·c 

5 ring-shaped pla,..ma geuerating region, as formed on the · 
aforementioned ECR. face, can be controlled to control the 
plq.sma distribution on the wafer 1 o thereby to provide a.n 
effect that the homogeneity or the plasm.a processing of the 
wafer l O can be ooatrollcd. 

10 A seventh embodiment will be described with 
reference to Fig. 22 and 23. As showJi in Fig. 22, the 
present embodiment is modified from the dxth embodbnenJ 
such that the mode filter 41 is replaced by a TE011 cavity 
resonator 4.5. Below this 'l'Bo11 resonator 45, moreover, 

13 there is arranged a radhil slot antenna hole 4 7, as shown in 
Fig. 23. The microwaves of TM01 mode and TE01 niode, JS 

radiated from aforementioned sloped ~lot antenna 7. are 
passed through tlie TB011 e,avity resonator 45 so that only 
the microwaves of TEon (n: an atbitrary positive integer) 

.20 mode 1are introdui:)ed through the slot antenna hole 47 into 
ihe processing chamber. In the present em.bodime11t, 
therefore, the homogeneous plasma distribu.tion can aha be 
achieved on thd wafer 10 as in the.fint embodiment -
thereby to provide an effect that the wafer 10 can be to the 

.25 homogeneou,ly processed with the plasm.a. As shown in 
Fig. 23, mo1eover, the inside of the cavity resonator 45 
may be partitioned by radial conductor plates 48 to have a 
structure aimilar to that of the mode filter 11 shown in Fig. 
21. As a result~ only puref microwaves of the TBon (n: an 

so arbitrary positive integer) 2Jre introduced through the slot 
antenna hole 47 into the ptocessing chamber 1 thereby to 
provide 1ton effect th~t the Wi\fer 1 O oan be highly 
hom.ogeneou$ly proce~~ed with the plasma. 

According to the p:resent embodiment. the mode filter 
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for the TB01 mode is interpo•cd between the slot antenna 
and the microwave introdu~tion window so that the 
microwaves of the TBon (n: an arbitrary positive integer) 
mode having the ring .. eihaped field strength distribution can 

5 be introduced into the proqeuing chamber. As a result, 
the generally ring-shaped plasma distribution can be 
_achieved on the ECR plane or the main plasma generating. 
region so that the homogeneous plasma distribution can be 
achieved on the wafer thereby to provide the effect to 

10 effect the homogeneous plasma processing. 
The modes of embodiment thus far described sho\ll4 

not be limited only to the etching appara.tus but can be 
applied to another plasma pioceiuing apparatus such as the 
CVD (Chemical V21por Deposition) apparatus or the ashing 

15 apparatus by changing the processing gas to be introduced. 

. . 
I 

'I 



[ RECEIVED 9211• 99:56 1997 AT 533969~ PAGE 39 (PRINTED PAGE 39) l 
1997'- 2-14 10: 42 tffm"• J-i!V N0.630 P.39/56 

1~ 

- 84 -
1111111111111111111 11111111111 

* C L M s * 

What is claimed is: . 
1. A plasm.a proceuing method characterized by 

radiating a microwave electromagnetic field, whioh has an 
angular component a.round vicinity of center axis of a 

5 cavity reaonator, from said cavity resonator through a . 
miorowave introduction wi~dow into a processing chamber, 
_to generate a ring~shaped :plasma in a region opposed to a 
_ i;ubstrate to be treated, so that said substrate ma.y be 
subjected to a plasma processing with said ring-shape4 

10 plasma. 
2. A plasma processing method according to claim 1, 

wherein said microwave electromagnetic field is 
synthei;ized from TEon and TMon :snod.es. 

3. A plasma processing method according to claim 1, 
lo wherein aaid microwave clectroniagnetic field is TEomn 

mode. 
4. A plasma proceJsing method comprising: 

introduO"·ing a microwaves in a TM01 mode into a cavity 
resonator: exciting isdd microwaves in a mode TMomn in 

20 'said cavity resonator; and tadiating said microwave from 
the slot antenna arranged in a ring shape at an angle neither 
in p!'tallcl with nor perpcnc:Jiculat to the direction of a 

·surface current to flow through a bottom of a cavity 
resonator. 

26 S. A plasma processing method comprising: 
generating a plasma in a processing chamber by using the 
microwaves radiated ftom a :;lot antenna; evacuating inside 
a processing chamber; feeding a gas to the inside of said 
processing chamber; limiting in a TEomn mode between a 

so slot antenna and a microwl\ve introd'Llction wind.ow; 
radiiting said microwave from said microwave 
introduc.ition window. 

6. A plasma processii:ig apparatus comprhing: a 
processing chamber connected to an evacua.tor so that its 

85 inside can be evacuated; and a gas supplier for supplying a 
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gas into aaid processing ob.amber; and plasm.a generating 
mean11 for generating a plasma in said processing chamber 
by making use of lllicrowaves radiated from slot antennas, 
wherein said slot antennas is 4isposcd at an angle neither in 

& parallel to nor perpendicular to a surface current to flow on 
a slot antenna plate. 

7. A plasma processing apparatus according to claim 
·611 further comprising a qu.artz window disposed at such a 

· · side of sa~d slot antenna iu to radiate said microwaves and 
10 having a. thickness of 11. q,uartc:r of or longer than the 

wavelength of said microwaves, 
8. A plasma processing apparatus comprising: a 

processing chamber connected to an evacuator so that its 
inside onn be evacuated: and a gas supplier for ~u.,pply.iug a 

15 gas into said processing chamberi an'd plasma generating 
means for generating a plasma in said processing chamber 
by making use of microwaves radiated from slot antennas, 
wherein said .microwaves q.re mixed a mode TEom and Ii 

mode TMon· 
20 9. A plasma processing apparatus comprising: a 

microwave source; a microwave waveguide for tran$mitting 
microwaves radiated from said microwave source; a cavity 
resonator for resonating the microwaves transmitted by 
said microwave waveguide; a processing chamber including 

25 a sample stand for placing thereon a substrate to be treated; 
and microwave electromagnetic field radiating means for 
radiating the microwave electromagnetic field, which ha~ 
an angJJla.r com.pone.ut afound the vicinity of the center axis 
of said cavity re:;onator, from said cavity resonator 

so through a microwave introduction window into said 
processing chamber, to ge~erate a ring~shaped plasma in a 
region opposed 'to said substrate. 

10. A plasma. procesdng apparatus comprising: a 
microwave source; a microwave waveguide for transmitting 

35 microwaves radiated from said microwave source; a 

11i1iimr 
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coaxia.1 line for transmitting the microwaves transmitted by 
said microwave waveguide; a cavity re-onator coaxially 
connected to said coaxial line for resonq.ting the 
microwaves transmitted from said coaxial line; a. 

5 processing chamber including- a sample stand for placing 
thereon a substrate to be iieated; and microwave 
·electromagnetic field radiaiing means for racliating the 
microwave electromagnetic field .. which ha.~ an angula1. 
component around the vicinity of the center axis of said 

10 cavity resonator, from said cavity resonator through a 
miarowavc introduction window i:nto cut.id processing 
chamber, to generate a ring-shaped plasma in a region 
opposed to said subJttate. 

11. A plasma processing apparatus according to claim 
15 10~ wherein said cavity reso:q,ator is constructed to 

resonate in a TM mode. 
12. A plasma proceuiug 1*-pparatu~ according to claim 

10, wherein said microwave electromagnetic field 
radiating means is made of slot antennas. 

ao 13. A ph.~ma procossing apparatus according to cl,im 
10, wherein said microwave electromagnetic field radiating 
means is made of slot antennas for radiating the microwave 
electromagnetic field, which is synthesized from TEo11 and 
TMoJL modes, into said processing chamber. 

25 14. A plasma proceuing tlpparatus com.prising: a 
microwave source; a microwave waveguide for transmitting 
microwaves radiated from said. microwave source; a rh1g­
shaped cavity resonator for reaonating the microwaves 
transmitted by said microwave waveguide; a processing 

80 chamber including a sample stand for placing thereon a 
substrate to be treated; ancl microwave electromagnetic 
field radiating means _for radiating the microwave 
electromagnetiC.; field from. sq.id rin.g .. shapecf. cavity 
resonator ihrough a microwave introduction window into 

85 said processing chamber. to generate a ring-shaped plasma 
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in 1 region opposed io sai4 ~ubatrate . 

·1s. A plasma proceuing apparatus comprising: a 
processing chamber connecied to an evacuator so that its 
inside can be evacuated~ a gas feed unit for feeding a gas to 
tho inside of aaid proceuing chamber; and plasma 
genera.ting means fot generating a plasma. in a. processing 
chamber by using the microwaves tadia.ted frott1. a slot 

·antenna; a mode filter Qf a TBomn (m and n: pof;itivc 
integers) :ta.ode interposing between said slot antenna and a 
microwave introduction wh1dow:. 

16. A plasma processing appaJatus according to claim 
15, wherein the mode filte:r is a cavity resonator of the 
TBomn mode. 

17. A plasma processiiig apparatus according to cliiim 
lS, wherein the mode filter includet1 a plurality of 
waveguides having a triangular section. 


