y PLASIVA J?RQ:ES%Jh E\a MMOQPPARATUS BACKGROUND COF THE | NVENTI ON The

prsesent I nvent’ eral ly to plasma processing apparatus and nore

_ pant|cularly to e55|ng apparatus fit for use in subjectlng a
speci nen such a

or el enment substrate to .etchin filmn nguand
the like by means of a m crovvave pl asrATTORNEY-POQGKET HHM%

sort disclosed in U S. patent No. 4,776,918 and No. 5,134, 965, for exanpl e,
has been arranged soPLASMAtPR@CESSWGeMEﬁHODsMDaﬂWUﬁl ch are in
contact with or set close to a mcrowave penetrating w ndow for introducing

m cr owavesgAMKGROUNES OF THE INVENTION a part of the processing chanber
that can be evacuated. In the case of the prior art nentioned above,

f:ﬁQSLFS[ aéh?QnE‘Eé e BERuEin o e&%‘%ﬁ#%ﬁ%&a%;ﬁ%j@%%nmﬁéﬁm ® o
pat b om BavtculRgl 8% ElAAES Hracesnige ApHarans Hofpraifen SBlecg B PeR AR ek
m crowave propagati on node. Therefore, the m crowave fromthe slot antennas

i s abSor bea$ & semiconsuatoreeleinght substtate tchetching; filming prd the ke by mearpoof
I medi ately without the formation of a m crowave node in its propagaton.

For this rmgﬁavébmsﬁmari ses a problemin that since the plasm density
ri ght under the sl ot antennas grows greater, a uniformplasma is hardly

formble ' n theaNdiGeadind apBaMaR of S sBrt difdloqid ih0.SPpaER No, Y7618 anids

to provide a pliasma proces g apparat us capa e of fofrmng a p1 asma wit h
greater u nlLII) 0 EHB&GS, for example, has been arranged so that _1t is provided with slot antennas

which are in contact with o set close to a microwave penetrating window for introducing
10 microwaves into a processing chamber as a part of the processing chamber that can be
evacuated. N
In the case 'of- the pn'o'r.a"rt nténtioited ahove, no consideration has been given to
the propaganon of mlctowaves radxated from the slot antennas. Since, the slot antennas
are arranged in contact w1th or close to the microwave penetrating window, the length
15 of the propagation path from the slot antennas to a plasma is too short to establish any
microwave propagation mode. Therefore, the microwave from the slot antennas is
absorbed iﬁto a plasma right under the microwave penetrating window immediately
without the formation of a microwave mode in its propagation. For this reason, there '
arises a problem in that since the plasma density right under the slot antennas grows
20 greater, a uniform plasma is hardly formable in the processing chamber.
An object of the present invention is to provide a plasma processing apparatus

capable of forming a plasma with greater uniformity.

2l CY\PBRIEFE\H70345\HNG493US (#1) ' 1
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. space i s provide

ntennas for radiating mcrowaves and a = =
m cf owave penetr at h forms part of a processing chanber. and is
used for introduci ves into the processing chanber. Since the
space is provi ded between the slot antSTTORNEY DOCKET NUMBERHF034USJ
w ndow, the m crowaves radiated fromthe slot antennas form a m crowave
mode in thke Y OPETHE SNVENTIONf or a fixed distance therein and are
t hen introduced via the m crowave penetratig wi ndow i nto the processing

chanber that cap v,ac . hg..pl.a S {0 y :
m crowaves havi gg@ﬁ?etﬁeg‘[ac?’m% c&p?él %ﬁ’ & %&‘%?a’rsnﬁ@gieeﬁl Réaﬁegn slot :
processi ng chanber, a nore uniformplasma is formed., . 3, BRI EF, DESCRI PTI ON
OF THE DRAWeunas forgadiating micrawayesandia microwsve pesstatipg window which formspart 4, y
etching apparatusing a magnetic field as a first enbodi nent of the present

i nvent i on.of @ processing chambep and isusedffot introducing-the emicrowaves fitg the procgssing 3

is a diagramillustrating a relation between the vertical distance

5 chamber. '

-2¢ SUMVARY OF THE EMEthNRme@J der to acconplish the object above, -&:.

Since the space is provided between the slot antennas and the microwave
penetrating window, the microwaves radiated from the slot antennas form a microwave
mode in the space after propagating for a fixed distance therein and are then introduced
via the microwave penetrating window into the processing chamber that can be

10 evacuated. As the plasma is thus formed by the microwaves having an electromagnetic

field in a certain mode in the processing chamber, a more uniform plasma is formed.

T
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Fi-gure 4 is a ver view of a microwave dry etching apparatus -
usi'ng a magnetic nd enbodi nent of the present invention.
Flgure5|satop depassfllter of Fig. 4. Figure 6.is a

"vertical sectional view of a m crowav Ntm m
magnetic field as a third enbodi nent 3&% present rnvention. Fi gureuﬁ S
atop vie Flgure8|savert|cal
sect i onal &gﬁﬁmgwm%gﬁpar at us usi ng a magnetic field
as a fourth enbodi nent of the present |nveption, ure is a yert
sectional view of aFagureohdsl QWgrayvéﬁE’ﬁi r"&%§gtﬁlq’l’§m&”q¥§g Ftc%ﬂ%l d
as a fifth enbodi mrent of the present invention. gure 10 is a verti cal

sect i onal apparatusf usingracnaguetic fitld as adirsthembodiment of thespregent invention.c fiel d
as a sixth enbodi nent of the present invention. Figure 11 is a vertical

sectional view of apig@é%\@t@'ﬁeﬁtdfhhggh@mﬁmgfpg ng a magnetic field
as a seventh enbodi ment of the present invention. Figure 12 is a vertical

ot enbou WERRER Bt kg Al kPR R el O
I f d
i el d ag SO Ao SEREBIM 2P [0 0 ek e RRRLA é‘arplas&f%ﬁ%%@”??”?'c

vertical sectional view of a m crowave dry, etching apparatus
Figure 4 is a vertical sectxonal view of a microwave dry etching apparatus

fromthe quartz ﬁ{l@ﬂﬁg&mﬁe actehle slot antenna 7 and a plasma density.

using a magnetic field as a second embodiment of the present invention.
Figure § is a top view of the mode pass filter of Fig. 4. |
10 Figure 6 is a vertical sectional view of a microwave dry etching apparatus
using a magnetic field as a third embodiment of the present invention.
o Flgure 74 dsa, . top vxew of the mode pass filter of Fig. 6.
“Ili-'lgure gis a vernw.l secgonal view of a microwave dry etching apparatus
using a magnetlc ﬁeld asa fourth embodxment of the present invention.
15 Flgure 9 isa vertlcal sectxonal view of a microwave dry etching apparatus
using a magnetic field as a fifth embodiment of the present invention.
Figure 10 is a vertical sectional view of a microwave dry etching apparatus .
using a magnetic ﬁel& as a sixth embodiment of the present invention.
Figure 11 is a vertical sectional view of a microwave dry etching apparatus
20 using a magnetic field as a seventh embodiment of the present invention.
Figure 12 is a vertical sectional view of a microwave dry etching apparatus

using a magﬁetic field as a eighth embodiment of the present invention.

Figure 13 is a vertical sectional view of a microwave dry etching apparatus

ol C\PBRIEFE\RNSG\HN3HIUS (#1)



" usirng a magneti c event h .enmbodi ment of the present invention. .
Figure 16 is a v view of a microwave dry etching apparatus

using a magnetic field as a tvvel fth eNTTORNEY DOCKET NUFMBER HH340US.

Fi gure 17 is a vertical sectional view of a mcrowave dry etching apparatus

using a 'l fahel e A d fiotf RBOUiKHIUEHE Preskiht EiEn@sESENt | nvent on.

Figure 18 I'sa vertical sectlion view of a mcrowave dry etching apparatus

using a magnetic fi I on.
Fi gu?e 19 igs a vert?@rgzéﬁégW%a?m%?%wa@d&eﬁ néotﬁ%a%artz
w ndow where microwayeg are incident in a m crovvave dr et,chl ng apparat us
using a nHYREE magnehiifield as 3 temth embediment 0f the present HYeRUQRent i nventi on.
Figure 20 is a vertical sectional view of a vacuum seal portion of a quartz
wi ndow wher e m cowaigurerl$ is averieal sectiosal view ef'd micrawave dryetching apparatus
etching apparatus using a magnetic field. Figure 21 shows a further

enbog Wenhsﬁp heWEAEIIOR: anfélevérith Sbudment Gfcthe Predent inveativgen t he

hori zontal dfstanCe for 'the center of the sanple stage and the ion current

density. The fol | owghg, £ 955 £V6RicRI ¥¥etidnal vidvF of & fificrowave ry et!fiAg 8pparatus

using a magnetic field as a twelfth embodiment of the present invention.

s ng K ”agr‘Et"ﬁuJSh‘é‘Jtﬁisag%er?\R h enbodi ment of the present invention. - ¢
Firgure 15 is a v ﬂll'[ ﬁ view of a mcrowave dry etching apparat us

Figure 17 is a vertical sectional view of a microwave dry etching apparatus
using a magnetic field as a thirteenth embodiment of the present invention.
10 : " Figure 18 is a vertical sectional view of a microwave dry etching apparatus
using a magnetic field as a fourteenth embodiment of the present invention.
| . Figure 19 1s a vertical sectional view of a vacuum seal portion ofa quartz
window where micrdﬁva\;@,s are incident m a microwave dry etching apparatus using a
magnetic ﬁeld asa ﬁf.teenth embﬁdunent of the present invention. |
15 Flgure ﬁo iS'a vertlcal sectlonal view of a vacuum seal portion of a quartz
window where microwaves are incident in a conventional microwaves dry etching
apparatus using a magnetic field.
Figure 21 shows a further embodiment of the invention.
Figure 22 shows the relation between the horizontal distance for the center

20 of the sample stage and the ion current density.

The following reference numerals are used:

| 1...processing chamber,

al C\PBRIEFE\HTWH\HN3H3IUS (#1)



1b.« drschaﬁ%hwng,ge&mﬁuartz wi ndow, 3...coil ,. 4...mgnetron, 5a,

5b: . . wavegui ator, 8. maveQU|de, 9...sanpl e stage,
10.f.morkpie rator 12 13. nDde pass filters 14, . iris,
15...circula :
21...quartz w ndow, 22 ...o0-ring. Aﬁﬁgﬁkhﬁ$%

EMBODI MENTS Referring to Figs. 1 throug iﬁégiﬁgg lngﬁpﬁ§P

wave gener at or, . hol , d| el ect ric,
present i ni’f”&és?&,

1b...discharge tube,

2...quartz window,
3...coil,
5 4mﬁu@meUOn,
5a, 5b...waveguides,
6...resonator,
7..slot antennas,
8...waveguide,
10 9..sample stage,
10.. workp1ece,
11. rfgenenuon
12, 13..mode pass filters,
14048, .. _
15 15...circular1y-ﬁolaﬁzéd wave ‘.genera.tor, )
16, 17...reentrant resonators,
18...resonator,
19...hole,
20...dielectric,
20 21...quartz window,

22...0-ring.
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wll be ,descri bed. Frg—t—shews—a nicrowave d_ry' et ching apparatus using a
magnetic fi elThis@eetHdsBegiRe gcb diment of a plasma processing apparatus of

the”present-in | ubm exhaust uniit (not shown) is first used to
evacuate a pro i r 1 formed with a vessel 1a, a discharge tube
| b and a quartz .

- en an etchi IS - ply
unit (not shown) into the processing cm‘;wm&mwymﬁgl S
riated as ' ov.er. rQGEeSSl 1is situated in the
magneti c fﬁm{ﬁﬁg ?'uéf‘(bge@? u.’év(%?mtm S case, 2.45 Gz
oscillated froma magnetron 4 are propagated through waveglui des 5a, 5b

bef ore bei ng i nRefarriag 4o Figsa 1 theoy 13onclasxmcans¢mbo%meanné epresent imventioned

in the base of the resonator 6. The m crowaves radi ated fromthe sl ot
ant ennas 7will be desqribgdt ed t hrough a wavegui de 8 and penetrated through the
quartz wi ndow 2, so that they are introduced into the processing chanmber 1

as incident mc ; Jﬁ&;@d,g &Fﬁé [~XMgal j 0
process a mrkagg:\%\é%gw?);&%(g on a ?‘np e gﬁgéén%h%ﬁge?cﬁgngﬁﬁﬁmoﬁfﬁr%to
contrgl th hin fisguration of th rkpiece 10. a.rf er r 11 is
connedt ed SPROGEE 4f A PLaREA pidctstine sgfmitis Bt P prmpnbinyentil'c £ yarmin
radi o- frequency voltage may .be applicable thereto. I.n the present ]
enbodi nent exa;auﬁ%emr &mehm¥ is E@t used to £¥ACUSte 3 PEOGRSSIRE) p@ﬁngwﬁmdr vithar
TEO 11 node resonator and the slot antennas 7 fornmed in the base of the

resonat or & wvesselriagialdisehaigepmbedibwiand a emprtztwindowh2 CEmen ah etehing (gast ise
resonator as shown in Fig. 2 so as to radiate a circular TEOl1l node. In

ot her wor dintrodueéd dyt £pA8 Supply il CidtRhowd) lii® HRSProebssingséetizailer L ahathehad

a face perpendiculaflyto the” propagation direction of a mcrowave. In this
case, the HCOfSIMERin is regulated as desired. Moreover, the processing chamber 1 is situated

10 in the magnetic field created by coils 3. Microwaves of, in this case, 2.45 GHz oscillated

““ffori a magnetron 4 are propagated through waveguides Sa, Sb before being introduced

to a resonator 6 .a.nd; slot a.'t-iten_'n.asliaxre jgst'alled in the base of the resonator 6. The

microwaves radiagég from }he slot antennas‘7 are propagated through a waveguide 8 and

penetrated throug-l: the qu;;tz window 2, sothat they are introduced into the processing

15 chamber 1 as incident microwaves. The plasma generated by the microwaves is used to

process a workpiece 10 placed on a sample stage 9 by efching. In order to control the

etching configuration of the workpiece 10, a rf generator 11 is connected via a matching

device (not shown) to the sample stage 9 so that radio- frequency voltage may be
applicable thereto.

2(; In the present embodiment of the invention, the resonator 6 is configured like a

circular TE011 mode resonator and the slot antennas 7 formed in the'. base of the

resonator 6 are radially disposed with respect to the central axis of the resonator as

shown in Fig. 2 so as to radiate a circular TEO1 mode. In this case, the microwaves

21 C:\PBRIEFE\H7SS\HN30IUS (#1) 6



7 radi-ated respec tiely fromthe plurality of slot antennas 7 are
propagated th ctiieBeen Remdneedde 8 havi ng a predetermned.length to form

m ¢rowaves in t 01 node. In order that the microwaves radiated
fromthe slot forma specific nicrowave rmde in the whole

di scharge tube Ib, that 1s, on a plan h ves .
radi ated the slot antennas are causedxwmz)ém spec: i{m{)ﬁ%
node i s necessitated between the_ slqgt ennas and_t he uartz n and
t he wavegtadiated respegtiuely from dherpluralitypf-slot antennass PrEﬁB M@Fde 8
and the discharge tube | b are set to have the sane inner d| arreter so t hat
the ni cr owavegniden8thawing a prédeterniined fength 0 Jormh Imigeawaves i the pirqulax TROL | t

i s advant ageous that at |east the waveguide 8 and the discharge tube |Ib

whi ch fol hiafe! Nfh std¥r thité EHY Rficrowadde rddifte8Em! theeslotlamBRAMRS 7 a
their inner di aneters may be made dlfferent within the range i n which the

specific nod I

ef fecti veSR e Wg%ﬁg%vﬁées | (E'mbel ’bl It r@ﬁn%\hﬂgt{rg
stable plasma is e ctl,v enet t he di schar t

cond®t i onSRacgtwhers ﬁfbs veg ‘éﬁﬂi ‘iiéh%lsw %?‘E’ﬁﬁag Bﬁtgj&) i'ﬂurrbé'fd
that the mcrowaves in the circular TEQL node may be radi ated

axi symret spesifid microwave foede i aenessitatedchetween \te slojeantennasaerd thy quartz
i ntroducing the mcrowaves in the circular TEO1 node into the discharge

tube 1b. vhifiow 2cuhdrthecwseghille §hishmein® fdren therspaceat (Be sesonatos G,hthe of

t he resonat or
waveguide 8 and the discharge tube 1b-are set to have the same inner diameter, so that

rv

the microwaves in the circular TEO1 mode are allowed to commonly exist. It is
10 advantageous that at least the waveguide 8 and the discharge tube 1b which follow the
slot antennas 7 have the same inner diameter: however, their inner diameters may be
made different within the range in which the specific mode is formed. The resonator 6
and the slot antennas 7 are eﬁecnve in genera’ang microwaves in any mode with stability,

e
whereby a stable plasma 1§efﬁgcuve1y generated in the discharge tube 1b. On condition

15 that the resonator% and the stot antem;as 7 are SO conﬁgured that the microwaves in the
circular TE01 mode may be radiated axisymmetrically, a uniform plasma can effectively
be generated. by introducing the microwaves in the circular TEQl mode into the
discharge tube 1b.

The circular waveguide 5b having the same central_ axis as that of the resonator

20 6 is used to introduce microwaves in a circular TE11 mode into the resonator 6. Since
the microwave mode in the waveguide is restricted by setting the diameter of the circular

waveguide 5b so as to allow only the microwaves in the circular TE11 mode as a basic

mode to be propagated therein, further, the fluctuation of the microwave mode and the

l C\PBRIEFE\HZ9\H0393US (#1) : 7



6 iss used o |ntroduce mcrc?waves in a circular TEIl node into the
resonat or . &hlsSthBi“ Fowave nmode in the wavegui de is restricted by

setting the
m crowaves |

e circular wavegui de 5b so as to allowonly th
TE11 node as a basic node to be propagated

in, furt er, the fluctuation of t s A=
~ which accorrpany the fluctuati on of thgﬁm@ﬁgwmm

t herein
ef fect of,
Fig. 3is

eneratin d& pl, asgfé ooperation with the resonator
mRagythe dugiiagion of the g is.easily swppressed with the effeqt

fromthe quartz W ndow 2 up to the slot antennas 7 and a plasnma density.
t hi s casepf stablygenenatingthierpjasta im icooperatioie witht theiresapatenr @t ed when t he

di stance between the quartz window 2 and the slot antennas 7 is set at 75

mm In other wWhiglg isa diagfami Mtushiatiig dcreidtion BetwesR tieVerticilodibiaked FroR€ the
generated by optim zing the di stance between the quartz w ndow 2 and the

spacdmﬁgth&etg%h% ﬁlg?éﬁt%ﬁﬂﬁs fgiri#t)g ‘géqsﬁgequar V\ﬁ nagﬁﬁgdafeor >

sl ot ante
provi ded
use i_n in

Qdu he crowaves into,the, prpcessi n r 1. T,h refo
Uhe B cr ohaag the. Hiehes Aemsion s SRocTHE when Shb dibtance, bty ﬁ%ﬂ

those in the specific node which can be introduced |nto the proceg chanber
1 wi th thandtheslot antennas his seb ot 7Hmm: fe otheravards, auniform, hightdensity plasma

Referring to Figs. 4 and 5, a second enbodi ment of the present invention

wi |

be

10

15

20

can effectively be generated by optimizing the distance between the quartz window 2 and
the slot antennas 7. |

According to present embodiment of the invention, there is provided the space
between the slot antennas 7 and the quartz window 2 for use in introducing the
microwaves into the processing chamber 1. Therefore, the microwaves radiated from the
slot antennas 7 are totally formed into those in the specific mode which can be
introduced into the processing chamber 1 with the effect of making possible the
generatton ofa umform plasma.

Referring to Flgs 3 and 5 a, seoond embedlment of the present invention will be
described, wherein like reference characters deszgnate like members of Fig. 1. In the
present embodiment of the invention, a mode pass filter 12 is provided in the resonator
6. With the resonator 6 provided as a resonator in the circular TE01 mode, fins 12a in

the form of a conductor plate are radially disposed as shown in Fig. 5 to constitute the

e
i ke
t he
6

I n

re,

mode pass filter 12 in the circular TEO1 mode. Fig. 5is a sectional-top view of the -

resonator 6 in Fig. 4. According to the present embodiment of the invention, the
provision of the mode pass filter 12 in the resonator 6 facilitates the formation of a

specific microwave mode in the resonator 6 with greater stability. Consequently, the

21 C\PRRIEFE\HIMAHAMS3US (#1) ' - 8



described, wherein |ike r efa(geﬁnc'e characters desi ghate_ i ke menbers of Fig.
1. In the pre = of the invention, a node pass filter 12 is
provided in th Wth the resonator 6 provided as a resonator

in the circula ns 12a in the formof a conductor plate are

radially di sposed as shown in Fig. 5 lewﬂm* | 12
in the circular TEO1 node. Fig. 5 1is %SGC |onap(?op Vi ew 0 t%gﬁrdgggﬁgtor ,

6 in Fig. 4. -Accordi to t.he present .e M=\ f I nvent i

provi si onmb‘fm‘fvﬁ‘é%gﬂ?)efggqgﬁlﬁ eﬁ“i%%@s%ﬂ% 8‘-w§1°?ac Ll".ag'?ésta'?ﬁg
formation of a,specific mcrowave node in {he fesonator 6 wth greater

st abi | i t yprosessing chamber, 1.; Therefore, the fluctuation of, ccpwaye mod thg ks
supplied fromthe slot antennas 7 to the processing chanber 1. Therefore,
t he fl uctwhichasccofnpahy the fluctwation rofcthe phadmianis dasily suppressed oxititizen gffe¢teof
fluctuation of the plasma is easily suppressed with the effect of

stabili zi ﬂi%:;fﬂh@i;ﬂ%na Referring to Figs. 6 and 7, a third enbodi nent of
'&gblnv ntion wl

t he present | be described, wherein |ike reference characters
desi gnat.e'l i ke . Fi I . qﬁtm :ggggg :

I nvention, angggé%@g}]&lﬁg{é? 7%2%?%\9%@ |ntt e ? Song%gvegﬁﬁg‘swﬂé#gm
in Fig. 7, aplyralit copductor. wires l13a are.fradially di.sposed, t
consti tut éeacﬁ'geaowheﬁg g{kf"i rp:eé'pn%ghafrpﬁgrs#qsgng{es ]é%? Hﬁﬂ?é,’? cﬂg S@E‘e@d@f ﬁ}eh e
resonator 6. The effect of the present enbodiment of the invention is that
the node peesent éembediznens of she inveation, aynode passfites 1dds provided in the resonator

p=d

6. As shown in Fig. 7, a plurality of conductor wires 13a are radially disposed to

constitute the mode pass filter 13. Fig. 7 is a sectional top view of the resonator 6. The

10 effect of the present embodiment of the invention is that the mode pass filters 13 can
readily be manufactured. | -

Referring to Fig. 8, a fourth embodiment of the present invention will be

described, wherein hke rffergnce?chéa_rjgcgegs (1_gsignate like members of Fig. 1. In the

o T

Ssag

present embodiment of s faveitios the miode’pass filter 12 is provided within the

15 waveéﬁide 8 Bétween the' slot antennas 7 and-the quartz window 2. According to present
embodimént of the invénﬁéﬁ, tﬁe microwaves radlated from the slot antennas 7 are
stably formed by the mode pass filter 12 into those in the specific mode which can be '
introduced into the processing chamber 1 with the effect of making possible the
generation of a plasma with greater stability.

20 Referring to Fig. 9, a fifth embodiment of the present invention will be described, -
wherein like reference characters designate like members of Fig. 1. In _the present
embodiment of the invention, an iris 14 formed with a small diameter hole is provided

at a port through which the microwaves are introduced to the resonator 6, whereby the

ol C\PERIEFE\HN\H70349.3US (#1) : 9



Ref er ri.ng t 8 a fo r hdenbodl ment of the present invention will be

descri-bed, Fence characters designate |ike nenbers of Fig.
1..1n the pres of the invention, the npde pass filter 12 is
prOV|ded Wi t hi e 8 between the sl ot antennas .7 and the quartz

W ndow 2. Accord| ng to present enbodi ves
radi ated fromthe slot antennas 7 arewp%mm pass I'lter
12 into those in {he nDde which.can b

processi g quﬁ eﬁef OF 91 fHgrease S%@%@ﬁ gﬁ?ﬁ%‘“ﬁéﬁ&kgﬁtﬂ%f a
plasma with greater stabij I|ty Referring to Fig. 9, a fifth enbodi nent of
the presethe genoeationoef plasmgcwith gee estabiliffer ei n | i ke reference characters
designate |i ke nmenbers of Fig. 1. In the present enbodi nent of the:

i nvention, an Refesrifig tboFigdl(yi4 isixth ssimbddinientef cthehptesents inventionl eslillhbea
port through which the m crowaves are introduced to the resonator 6,

wher eby t{g beé%ﬁ&%@ﬁﬁé@eﬁ?éﬁ&%ﬁ&éﬁ‘ﬂe@i@nﬂéwmaé of Fig 1.Marthesed
with the effect 'of nmaking possible the generation of a pI asma W th greater

stability. Referr F | Xt h

nvenit i orPIERFt s@baﬁlet%tbéﬂm%ﬁs@ oY HRiridtd e et 15 RaPe
| i ke menbers, of Fig In the preqelgit enbodi mené of the |n ent|on

ci r cul ar | proyided b Wﬂ%\é%&@l%?ﬁ?%ﬁ the resonAtoR-0 @ a5\t ARLrP

and the resonator 6 so as to introduce m crowaves to the resonat or 6

Al t hough to theresoxiatdre. cAithanghrd MWHWW@BG@@@P@P&YC

in the present embodiment of the invention, use can also be made of a circularly
polarized wave generator which utilizes a dielectric, which is provided with a rod on the
10 sidewall of a waveguide or the like. Circularly polarized microwaves are thus utilized
according to the present invention with the effect of facilitating the generation of a more
uniform plasma. )
Refemng 0 Flgs 11,, 12, a scventh and an elghth embodiment of the present
invention will be descnbed, wherem hke réference characters designate like members of
15 Fig. 1. In these embodiment of the invention, reentrant resonators 16, 17 are employed
with the effect of improving the uniformity of the plasma since microwaves in a mode
different from the circular resonator 6 can be radiated from the slot antennas 7.
Referring to Fig. 13, a ninth embodiment of the present invention will be
described, wherein like reference characters designate like members of Fig. 1. In the
20 present embodiment of the invention, a coaxial resonator 18 is employed with the effect -
of also improving the uniformity of the plasma since the outer and inner cavities are
coupled via small diameter holes 19.
Referring to Figs. 14, 15, 16, a tenth, an eleventh and a twelfth embodiment of

5l C\PERIEFE\HXS6\HN35:3US (#1) 10



i n.the present enbodi ment of the invention;, use can also be nade of a

ci'rcul arly pdh eplaceth at or ‘which utilizes a dielectric, which is.
provi ded with H l i dewal | of a waveguide or the like. Grcularly
pol ari zed m cr] s utilized according to the.present invention

with the effect of facilitating the g .

Referring to Fi gs 11 12 a seventh WMﬁ‘R@K oﬁ‘#@ﬁ?‘ﬁ#@%

pr esent vent | c rei ref erenc ar.act e

desi gnat eﬁfqm‘&s %f e‘(f‘jérf”%g cgg.ra[cﬁ ﬁﬁ?

reent rant resonators 16 17 are errpl oyed W|th the effect of rovin the
uni f or mi t yestbers of Figshnln these embadiments ofithe investionga idi %@Gﬁqo%eas
circular resonator 6 can be radiated fromthe sl ot antennas 7. Referring to
Fig. 13, 'i’eﬂomt?aﬂﬁ;)amminatcemmumr threcKlenis provided iim thevivhvegnided® im betwd:n
wherein |ike reference characters designate |ike nmenbers of Fig. 1. In the

present eﬁ?ogeict it nB%sS’V%d'tBH vaMQaXA%IWEEEU&SZOEIQEH@

with the e o I npro ng the uniformty of the plasma since t e

o Fhge. " Thwige Qé't@ﬁ%tﬁlﬁ%gﬁﬂ ) %*e%e”efﬁﬁ“ﬁ%&% lpgdifieits ' "9

the present invention w |l criped, wher | ke, re ce chara ers
desi gnat eofthsemnenm%lsehaw "F improwing HPJ Bé'gf' E“Wﬁ/
dielectric 20 of such as Teflon quartz, alum na ceram cs or the I|ke |s

provi ded pmpaganm\dguheammmdsaadmed filom she slosrantennas 77 cambet altergd by -
w ndow 2. A columar dielectric 20 is used in Fig.

means of these dielectrics 20.

2

Referring to Fig. 17, a thirteenth embodiment of the present invention will be

10 described, wherein like reference characters designate like members of Fig. 1. In the

present embodiment of the invention, the cylindrical dielectric 20 is provided in the

resonator 6. The present embodiment of the invention also has the effect of improving

the uniformity of the plasma since the resonance, mode produced in the resonator 6 can

be altered. T I A T

15 Referring to Fig. 18, a fourteenth embodiment of the present invention will be

described, wherein like reference characters designate like members of Fig. 1. In the
present embodiment of the invention, the holes 19 are made in the side of the resonator

6 to introduce part of the microwaves to the coaxial outer peripheral portion and then

. into the processing chamber 1 via a quartz wintiow 21 provided in the sidewall of the

20 diseharge tube 1b and at the level between the ECR face and the workpiece 10.

Moreover, the nﬁcrowaves radiated from the slot antennas 7 are also introduced via the

quartz window 2 into the processing chamber 1. In this case, the microwaves introduced

via the quartz window 2 to the top plate of the processing chamber 1 are not propagated

al C\PBRIEFE\HXGS\HNIHIUS (#1) : 1 1



14, whereas a cylindrical dielectric 20 is enployed in Figs. 15,16. These.
'enbodl ment s olehshiheetHasanen lacdso have the effect of i nproving the

uniformty of t the propagation of the mcrowaves radi ated
fromthe slot a e altered by means of these dielectrics 20.
Referring to Fig h|r eent h enbQMreROE VH'7349U |1
be descri bed, V\herel n Ilke ref erence characters %emgnate 't ke ers SVI

g: gl egtrl rcl&lgﬁ?s S”Fq"g"\?‘fpa&g%dd‘gﬁe %Hegs%na or g?p%@ggg}ﬁhﬁ@ﬁ?& Fm'pythe
;h\éggtltﬁg al so ha th?i {5}6 ct ,of %g\#ésﬁ ﬁgﬁ’%ﬁfog )ﬁaof t he (gl asma

Referring to Flg 18 a fourteenth enbodi nent of the present jnvention will
be descri mmitheidewalhof thecdischargestube 1bhtheplasma isclistrihuteddn) snele a WayHERL ity
Fig. 1. In the present enbodi ment of the invention, the holes 19 are nmade

in the si diengity il the eetraltpart 6f the dischaogh tubedris mgh,whereascthe\denmy on thée
coaxial outer peripheral portion and then into the processing chamber 1 via

?hguﬁseflél 3-ggéﬁatﬁﬁ§%f:g:ge?}§s%e wor p| ec&gh%mv'sg{rag%gg?%&@ﬁd “
Quar £ 7 wi rRORFaSER ¥em e, B rIen e igevalt with ol 5B Siibp bk it oo

i ntroduced via the quartz window 2 to the top pl ate3 thtg E) fgssmg
chanber | uniformity ofithe plasmacsince the gpartz window 21 is provided at the level betweett the

D4

ECR face through which the microwaves are not allowed to propagate normally and the
workpiece 10 so as to introduce part of the microwaves therethrough.

10 Referring to Figs. 19 and 20, a fifteenth embodiment of the present invention will
be described. Fig. 20 illustrates the structure of a vacuum seal portion of a quartz
window 2 where microwaves are incident in a conventional processing chamber 1. A
grogve for an o- nng 22 is formed in the dlscharge tube 1b as a conductor and the quartz
window 2 as a d1electnc is ﬂat in shape On the other hand, Fig. 19 illustrates the

15 structure of a vacuum seaI pomon of. the quartz wmdow 2 in the present embodiment
of the invention. A groove for the o-ring 22 is formed on the side of the quartz window
2 as the dielectric and the discharge tube 1b as the dielectric has a flat fitting face. In
addition, the o-ring 22 itself is made of dielectric fluoroplastics. Since the propagation
of microwaves is greatly affected by the shape of such a dielectric, the surface of the

20 dielectric in the vacuum seal portion is therefore made simple in shape according to the.
present embodiment of the invention with the effect of having the propagation of
microwaves less affected by the vacuum seal portion.

Referring to Figs. 21 and 22, a further embodiment of the present invention will

st C/\PERIEFE\HXSG\HN3O3US (#1) 12



toward ¢he V\oﬁg_pg nd the ECR face and el ectrons in the plasma are
normal | y cause the si dewal | of the discharge tube Ib. Since
the plasnma di e devvaII of the discharge tube 1b, the pI asma

is di strrbuted that its density inthe central part of- the

di scharge tube Ib is hi gh V\/nereas t h A TEORNEY DOCKEPNUMBER H70349U'SS
low. In the present enbodi nent of the invention, the plasma can be
gener at edpeVaberfifadt N 3l ofFikN1

| mpr ovi ngb?he uni or§11 @Qﬁes asrraeﬁgldrl%gat ag}%asr(tz % g%w 21 |s

provi ded at, the Ievel b t e e. [0 S are
ot " al | oEHHEROR RNE guide £ ﬁatlr@ass%ﬂﬁé Pt%r%@e%&?as %?ﬂ%‘f?‘rr%o

part of the mcrovvaves therethrough Referring fo Fi 19 and 20, a

fift eent hsasnplectagerd. Since ithe prrecture like-thiseandproyidel s @é@@rxma, wicgil 320

Il lustrates the structure of a vacuum seal portion of a quartz w ndow 2
wher e ni chayvay smaler dinaetends anmair eoiletat igenerateranc ircseased ahagretic forcé, .
groove for an o- ring 22 is formed in the discharge tube | b as a conduct or

and he Of@kirenld BRI 36 desAl@Ch ol Bir Chitollifg hapRicFbréd tine! hfhe

hand, Fig ustrates the Structure of a vacuu seal portion of the

quartz w In f

the. o-ri niisBabution of 18 agIeEN folE B % wﬁa@ 5 2518 260 R BCRPRAPHR WY
dielectric and the discharge tube |h as the dielectric has flat fjthing
face. In eeilidbi &¢, theyECR flat Jacerconty tP“%arﬂﬂg’ Bidig {4Ige area in the
fluoroplastics. Since the propagation of m crowaves |stg€eatly af f ected by
t he shapedistharge tube @ic.cAcvacuum chambes 1dfisiseparatedito formithe pracessing ehamberc uum
seal portion is therefore made sinple in shape according to the present

embodi meng rﬁf 4t8 YalvaV28 Whikh i tkdé Bf cqlirideichl BElldws/| Whenthe ate eglvei 28 hay

m cr owaves s affected by the vacuum seal portion. Referring to Figs. 21

and 2, Al e WRRENEE 10 ¥ erhiMleid itD thé PYSARSSRE chrhber 1. At this time,

the sample stage 9 is in a low position to receive the workpiece 10. Reference numeral

-]

23 denotes a vacuum pump; 24 a gas introducing channel.
the center of the sample stage and the ion current densny of 3 types of equipment:
15 A. thh specxfic wave resonator and reduc»tton wave guide.
B: with specific wave resonator and wnhout reduction wave guide.
C: without specific wave resonator and without reduction wave guide (original _
style). |
In the above e:tamples, the plasma consists of BCI3/CI2 gasses (used for etching
20 Al).
As shown in Fig. 22, the ion current density of t;rpe C equipment (represented by
curve C) is chevron shaped (highest point is in the center). Further, the ion current

density of the sample stage is not uniform.

sl C\PBRIBFE\HNS#H\HNMOIUS (#1)



e

- 13 = be descri bed. nBtQﬁ Lgsent enbodi nent the wavegui de 8 of Fig. 1|s
repl aced by a. f g uide 8a. A discharge tube 1c is enlarged in a
cross section t 1 e stage 9. Since the structure like this can
provi de snmall di Mla coil 3a has a snaller dianeter as a nmain -
coil to generate an increased nagneti qfd mmm }1?34
designates a coil for controlling mag%atlc or?gj?i ne. The di stri but ?yg of
the magnetic f i | O”@ii f Eﬁi&r Co, ol e.PIPy
coil 3b. So, t%ggﬁﬁﬁf%@%gﬁﬁlbﬁte %&ét@ or m(glggsrra, iﬁr}aﬁé ar ge
area in the dis rge tube 1c. A vacuu hanber 1d is. ,separat tqg form
the proce &mﬂiﬂw the ‘?FQF‘VeoT evmlie @86t %&%@ﬂﬁ%&?ﬁ&m
bel l ows. Wien the gate valve 28 has shrinked, the workpiece 10 is . .
t r ansf er r qatrent: of edge isrinereasdadn gTherefares the. iontcurnent density atthe sampje stage isge 9
isin alowposition to receive the workpi ece 10. Reference nuneral 23
denot es ajnngrowed) PInuthér! words) sthe nivaved resongtot hasisss! in Eiegting 2he "M hamsdam
illustrating a relation between the horizontal distance fromthe center of

the SanDl ot AUPnAddwale drdil Mbfciky, USOP Hov/sRLind wahofesiiatBil Hh FRMictioh

W th™spectiic wave resonator an ction wave guide. B: wth specific
wave resonator and.,wW thout.reducti. Ve . gui - W t g ve
r esonat orwﬁﬁ%g%%f"h@&sttﬂggg&q t ‘%&%nﬂ ,Eé&“&ﬁ%@&?»ﬁ‘g%‘?ﬁﬁﬁ%‘ag&g ove
exanpl es, the plasma consists of BC13/Cl2 gasses .(used fqr etchi,

i densitypis increased. Therefore, the etchi ra?te of Al_lé ?aster an?i more um?grm than

other systems.
By contrast, in the case of the prior art méthod, it would be used such a etching
10 system and etching process, especially selectivity of photo resist at the center of wafer,
the etching speed of the wafer at the center is faster than the etching speed of the wafer
edge, at the thin part of the resist film of the different stage area, so that the shape of
photo resist does not keep the original shape.
It would be try to uu;"ed?' 'the'spec;ﬁc:‘-wa;e resonai.;dr at the part of wave guide, |
15 lmiforniity of 1oncurrent ﬂ”enstty are rise qp.
Further, the reducnonwave gfu;de“iould be placed between the wave resonator
and quartz window.. The uniformity of ion current density is rise up and same shaped.
So that the plasma density above the sample stage improved more uniformly and higher
density than the normal type of etching equipment. At the result of this method, it is
20 possible to obtain a higher etching rate with uniformity during the etching process of the -
wafer. | |
Although a description has been given of the microwave dry etching apparatus

using a magnetic field in each embodiment of the present invention, effects similar to

2l C\PBRIEFE\HTIMAHRGOIUS (#1) 14



AI) As. shown in Fig. t he |o$ current density of type C equi prrent
(represented by T on shaped (hi ghest point is in the
center). Further, nt density of the sanple stage i s not
uniform - 14 Th denS| ty of type B equipnent -(represented by

curve B) is "M shaped The ion curreng -lc—jp@ t e
is decreased while the ion current of edge IS I ncreased. erefore the ion

" esonat or A% StheEd ahOfs 3 Bferil st ﬁi?"%ﬁ%@“?&fﬂﬁ M B M

Moreover, used for specific wave resqQnato d reductlo wave UI de,
styl e of ﬁGﬁm&ﬂWéﬁ? é‘ﬁ@gt‘?lq@aﬂ&%rﬁ?%@ﬂ h}eent

density is increased. Therefore, the etching rate of AI is faster and nore
uni form tlilkee ot her systens. By contrast, in the case of the pior art
met hod, it would be used such a etching system and etching process,

especial |y sel Actordingy toothepredent iitehtibn, ahe spive peovided bétwoeh ehie slotentensdy ng

speed of the wafer at the center is faster than the etching speed of the

waf e edg f

ar eag ﬁ{ﬁ&@%ﬁﬁwtaﬁot oépgem&@bg%es no Eeet?)ﬁﬁge origi naFl'l‘l ape.

Itvvould be try.to used t.he ific,wave .r r.at .t he.part of,

qui do. urR BEFHDE e, Procsssing cRARperand % ysed fOf tizodicidy the Thidtiwaved infl tie
processing chamber allows the microwaves in the specific mode to be introduced into the

processing chamber with the effect of greatly improving the uniformity of a plasma to be

generated.

al CAPBRIEFE\RN\HN3H3US (#1) . 15



Fukt her, the r.I% tion wave gw ui de coul d be pl aced between
resonator and lacgthe uniformity of ion current ﬁ,a'g! ”mHH",
up- and sane sh ILhe pl asma density above the sa

i nproved nore i gher density than the normal type of etchl ng
equi pment. At the result of this nethaFTORNEY DOEKEE NUMBERI H7G340Us e
etching rate with unifornmity during the etching process of the wafer.

Al though fuiRsE tialthbkdts:has been gi ven of the microwave dry etching
apparatus using a nagnetic field |n each enbodi nent of the present

i nvention, eff simlar to t hose.stated above are achi evabl e

i kewi se E)y pl &H@W%@@Fﬂé% Eﬂ‘?‘nﬁg'as dry etching apparatus using
m crowaves, plasma CVD apparatus, etching apparatus and the |ike. According
to tRe present |nveﬂtm$fﬂwaﬂ¢é0§§@c@q&ﬁﬁﬁad @ waveguide;t he sl ot antennas for
radi ating m crowaves and the dielectric mcrowave penetrating w ndow which
forns a part of the processing charber and is used for introducing the

m crowaves into the processing chanber all ows the mcrowaves in the

specigfic node to beg 'M OWEvS trifsTRisdoR Sronysdill sblifcecdddCt
of greatlyinproving the unitormty of a pI asma to be generated.

4 having a microwave source side and a workpiece side; and

S a dielectric microwave penetrating window located on said workpiece side

6 of said planar antenna and on one side of a plasma processing chamber at

7 a distance from said planar antenna

1 2. An apparatus as in claim 1 further comprising a mode pass filter located on said

2 microwave source side of said planar antenna.

Treowl

Y
ke
- P

1 3. An appafatus as in claim 1 further compnsmg a mode pass filter located on said

2 workpiece side of said planar antenna.

1 4. An apparatus as in claim 1 further comprising an iris located between said planar

2 antenna and said microwave source.

1 S. An apparatus as in claim 1 wherein said microwave source comprises a circularly

2 polarized wave generator.

ol CA\PBRIEFE\HNSS\HZ493US (#1) 16



© m Crowave sourc

- 16 < Wat cl a| med is: .' A plasma proce55| ng appar risin
ni cr owave sour epbcea wavegui de; a pl anar ante iw r" I"Tm
m'crowave trans a| d source, said planar ante

rkplece side, wherein sai d pl anar antenna “i's
provi ded perpend| cuI arly to t he propaggmm I}q-(mggg and
a dielectric m crovvave penetrat| ng wi ndow bei ng arranged at a di stance ?rom-
sai d ypl angr anmp v%hhp Qﬁn&tls]ﬁog &Q&[ eﬁgﬁﬁ
being forned a vva one si de olf1 a p&asrra pr ggrselgﬁg cha erap?
appanat us riher rising a node pass filter Iocated on
sai dzﬁ1 créﬂgﬁi@%&%@’&% W@éﬁ@@%ﬁ"&ﬁ M%nna. 3. An apparatus as in.

claiml further conprising a node pass filter |ocated on said workpi ece
side of said planar antenna. 4. An apparatus as in claim1 further
conpri si ng an iris |located between said planar antenna and said m crowave
sour de. AAnapparas as isclaim 6 whereift saidereentrantaesbnataris ibsontact wittesaid
conprises a circularly polarized wave generator.

2 planar antenna.

1 8. An apparatus as in claim 6 wherein said reentrant resonator is not in contact with

2 said planar antenna.

1 0. An apparatus as in claim 1 further comprising a resonating member between said

2 waveguide and said planar antenna.

1 10. An apparatus as in claim 1 further comprising a coaxial resonmator in

2 electromagnenc commug{mauon w1th a rgsonator through an aperture
!( At .
%

1 11.  An apparatus as in claim 1 further comprising a dielectric located between said
2 planar antenna and said dielectric microwave penetrating window wherein said dielectric

3 has a cross-sectional area less than that of said window..
1 12, Anapparatus as in claim 11 wherein said dielectric is in contact with said window.

1 . 13.  Anapparatus as in claim 11 wherein said dielectric is in contact with said planar

2 antenna.

sl C\PERIBFE\H0S\H0S93US (#1) 17
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- 17 - 6. An apparat us as in claimi further corrprl ntrant
resonat or | rBesneR lageii Cr owave source side of sa ‘!ﬂmaﬂ%ﬁ Mﬂﬂmﬂ
An appar at us Wherel n said reentrant reso act

with said pl An apparatus as in claim®6 whereln *sai d
“reentrant resonator |s not |n cont act A‘ITOMY]DO@@TWR H7034908
apparatus as in claiml further conprising a resonating nenber between said
wavegui de and said planar antenna. 10. An apparatus as in claim 1 further
conprising a coaxial resonator in electromgnetic comrunication with a

o SRS 418, SRR Ry

dlelectrlc mchWa\( ratln wi ndow wherein said dielectric has a

cr os@ secCORGRRLTIE 'i”faé‘g? of said window 12. An apparatus as in
claim1l wherein said diel ectrlc Is in contact with said window 13. An
apparatus as in claim1ll wherein said dielectric is in contact with said

pl anar ant enna. - 18 - 14. An apparatus as in claim1 further

co {rpm singsa disg gspdrhsus!as G cRiimi 14 wheéreitsaid aielscti€ Riih cofitast withsaidiplananar
ant enna.

2 antenna.

1 16.  An apparatus as in claim 1 further comprising an outer peripheral portion which

2 is

3 positioned coaxially with a resonator and said chamber,

4 in electromagnetic communication with a resonator through apertures, and
5 in elect;'omagneﬁc communication with said chamber through apertures.

1 17.- An apparatus as m cla.lm 9 wherem sald resonatlng member has a smaller

2 . diameter in the area of the wmdow that in the area of the planar antenna. |
kol .:5:‘,!’4‘- ?‘ 't ﬁ “ % - %

1 18.  Anapparatus as in claim 1 further comprising a coil around said plasma chamber

2 for forming ECR plasma below said window.

1 19. An apparatus as in claim 1 wherein said planar antenna comprises muitiple.

2 apertures and said multiple apertures comprise slots.

1 20.  An apparatus as in claim 1 wherein said distance is between about 55mm and

ol G\PBRIEFE\HZGO\HA493US (#1) 18



15.- An<appgr at us as Jn cIa|m14 wherein said dlelectrlc I S th
sai d pl anar lam apparatus as in claim 1f “ﬂ(‘i@r‘! “ an
out er .peri ph | ch is: positioned coaxiall at-or

and sai'd cha orragnectlc comuni cati on W|th a resonator :
t hr ough apertures and |n el ect r omagNATTORNEY DOCKET NUMBERSH70349Wgber
t hrough apertures. An apparatus as in claim9 wherein said

resomat i nqbaﬁrry@;mﬁas a smal ler diameter in the window than in the area of
. the planar antenna. 18. An adpparatus as in claiml further conprising a
coil around said plasma chanber for form ng ECR plasma bel ow said w ndow.
19. An apparatus as in claiml wherein said planar antenna conprises

mul ti pI e apertures and said ltiple apertyres conprise slots.

apparlat us 2 2e .Mpamﬁamme"am i wherei %é@m@%emmee%ﬁwaa%mm ang
90mm 21. An apparatus as in claim1l wherein said distance is between

60mm2and @boun80 BBn. An apparatus as in claim 1l wherein said distance is
between 70mm and 75mm

1 22.  An apparatus as in claim 1 wherein said distance is between about 70mm and

2 about 75mm.

1 23.  Anapparatus as in claim 1 wherein a space between said planar antenna and said

2 window is at least partially filled with a dielectric.

1 24.  An apparatus as in claim 1 further comprising a reduction wave guide between

2 said planar antenna and said window.

1 25. An apparatus as in claim 24 furtﬁer compnsmg a specific wave resonator.

3
z’"..".ét_?..

; _‘.
*E .
Dy ¥ L P
I P

1 26.  An apparatus as in claim 1 wherein a space between said planar antenna and said

2 window includes no dielectric.

1 27. A plasma processing method comprising:
transmitting microwave energy to a planar antenna;

generating a specific mode of microwave energy between the planar antenna and a

I S FORE N

microwave transmitting window;

2l C\PERIEFE\HNM\HN9IUS (#1) . 19



23. An’ apparatus as in cI a| m 1 wherein a space between I’ " nna
and said w sednartially filled with a di elmm "ﬂ ma Ilrmm
appar at us as ll rther conprising a reduction wve®gut de* bét wéen
sai d pl anar d wi ndow. 25. An apparat us as in claim 24

further conprising a specific wave reagmed cﬁ%‘amﬂg@ I‘i“f() a|' m
1 wherein a space bet vveen 'sai d pl anar antenna and sard wndow 1n l?ggggn _

diel §ctri Gontiiﬁmg ansmitting
m crowave ener gy to a pI anar a% enn%ibﬁhg%rg?ln saﬁm%@éﬁma is-

provi ded perpendicularly to the propagation direction of the m crowave; .
generating a specific node of m crowave energy between the planar antenna

- and m crowave transgitti ng w ndow 20 - containing a plasna generating
subsgancepﬁsﬁmg tHFa?E r‘%@g’s thenmicrowanes trangitting window! into tinelplasiwaough

the m crowave transi tt| ng w ndow into the plasma processing chanber; and

treafi ng Homssmgdmbmanéd on a sanple stage by using said plasm. A

pl asma generating nethod conprising: transmtting mcrowave energy to a .

pl anar antenna, wherein said planar antenna is provided perpendicularly to

t he propagation direction of the mcrowave: generating a

8 treating a workpiece located on a sample stage by using said plasma.

1 28. A plasma generating method comprising:

2 transmitting microwave energy to a planar antenna;

3 generating a specific mode of microwave energy between the planar antenna and a
4  microwave transntitting window;

5 - containing a plasma generating substance in a plasma processing chamber; and

6 passing the speclﬁc mode through the mxcrowave transxmttmg window into the plasma

T

7 processing chamber ”};

1 29. A method as in claim 28 further Ebmpri;ihg resonating a standing wave of
2 microwave energy in a resonating chamber, said resonating chamber being defined
3 between a waveguide and a planar antenna, said planar antenna being spaced from the

4 microwave transmitting window.

1 30. A method as in claim 29 further comprising filtering the mode of the microwave

2 energy.
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speci-fi c mode of m crowave energy between the planar a l“l P
m crowave TH & acedow, contai ning a plasma genguﬂmmurmu)muL in
a plasma pr* r; and passing the specific nmodett h¥ odhh 5t hé
m cr owave t [ ndow i nto the plasma processing chanber. 29. A
method as in claim28 further conpri ' ' otfs

m crowave energy in a resonating chanber, said resonating chanber being

defitned RQet ' ' | [ _
Spadod 1 P5m & REPERE T a0 R ARG Vol Sty OB ARG 08

further cog‘pr.i sing fiJtering the node of the m crowave energy. 21 31.
A hoqaad spid 0 wherein said filtering occurs between said planar
antenna and sai d wavegui de. 32. A method as in claim30 wherein said

filtering occurs between said planar antenna and said window. This Sheet
Has Been Repl aced

1 32. Amethod asin claim 30 wherein said filtering occurs between said planar antenna

2 and said window.
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