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I nventj-an This invention relates to plasma etching apparatus, and nore
partt.cul arl®y, but not exclusively to a Jplasma etchi ng apparatus that

i ncl udeés provision for confining the plasma essentially to a region of

wi dth commensurate with the width of a workpiece (e.g., sem conductive
wafer) to be etched. Background of the Invention Plasma etching has becone
the preferred technique for etching patterns in the various layers utilised
in the manufacture of integrated circuit devices. The apparatus for such
etching typically includes a chanber housing a pair of essentially planar

el ectrodes that are spaced apart in a parallel relationship to define an

i nteraction space therebetween. On a first of the electrodes is positioned
a sen conduct i ReASMAETCHING APBARSKEYS UTILISING PhASMA CONFINEMBNT opr i at e
gaseous nediumis introduced into the chanber and then one or nore suitable
hi gh radi o-frequency voltages are inpressed across the pair of electrodes
to generate a discharge and forma plasna that etches suitably exposed

regi ons of Fietd veihe'Invdkiopas beconme of increasing inportance both for
efficiency and for unifornmity to confine the plasma essentially to the

I nteraction space between the two el ectrodes. To this end, it has been

proposed to i ndhisinventicrngladsapetastiacsretiihg é?pa@ﬂﬁi,iaiidﬁﬁo@;ﬁﬁﬁdiﬂarw, bieRbET )
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to include ?e.ﬁ){'s&ﬂ%h&%ﬁv@%@ér?ﬁfjb@{eﬂdﬂéd‘um shield to enclose the

i nteraction space between the two electrodes with hol es being provided in
the shield to permit egress of the spent gases fromthe encl osed
I nteraction space. This conductive shield is typically electrically

connect ed tﬁ ne of gq:ﬁefl ectfirodes which is connected to ground potenti al .
Thi s shi el d—géﬁgg%ﬂt—g——ﬁ-—w OUQLk f ectively bring ground potential close to
the other electrode. This tends to confine the discharge to the interaction
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shi el d. various layers utilised in the manufacture of integrated circuit devices. The apparatus
for such etching typically includes a chamber housing a pair of essentially planar
electrodes that are spaced apart in a patallel relationship to define an interaction space
therebetween. On a first of the electrodes is positioned a semiconductive wafer being
processed. For such processing, an appropriate gaseous medium is introduced into the
chamber and then one or more suitable high radio-frequency voltages are impressed
across the pair of electrodes to generate a discharge and form a plasma that etches
suitably exposed regions of the wafer.

It has become of increasing importance both for efficiency and for uniformity to
confine the plasma essentially to the interaction space between the two electrodes. To
this end, it has been proposed to include a ring-shaped element (a confining element or
member) of a dielectric material at the periphery of one or both of the electrodes to
confine the discharge to the interaction space (e.g., see U.S. Patent No. 5,413,675
that issued on May 9, 1995). Alternatively, it has been known to include a cylindrical
anodized aluminum shield to enclose the interaction space between the two electrodes
with holes being provided in the shield to permit egress of the spent gases from the
enclosed interaction space. This conductive shield is typically electrically connected to
one of the electrodes which is connected to ground potential. This shield serves to
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It is inportant to control the residence tinme the gases are within the
i nt'eraction space between the two el ectrodes during processing of a
wor kpi ece. Historically, fast gas flowZnd | ow residence times have tended
to give rise to discharges outside the space encl osed by the confining
nmenbers (el ements). This reduces the controllability of the operation and
also may result in an undesirable formation of various deposits on the
wal I s of the etching chanber For nodern device geonetries ﬁndddlnﬁn5|ons
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Summary of the Invention

According to the present invention, there is provided a plasma processing
apparatus comprising:

means for a housing for containing a gaseous medium useful for
processing a workpiece;

a parallel pair of electrodes defining therebetween an interaction space
where a plasma capable of processing a workpiece supported on one of the electrodes
is generated when radio- frequency energy is provided for establishing a discharge
between the electrodes and ionizing the gaseous medium; and

a confinement assembly defining a plurality of separate parallel passages
extending that allow gas flow through the confinement assembly from an inner surface
to an outer surface, said parallel passages being spaced apart in a direction normal to
that of the flow of gases through said passages, said confinement assembly being
disposed between the electrodes, and said passages being proportioned for essentially
confining the discharge within the interaction space by neutralizing charged particles
created in the plasma when the charged particles pass through the passages.



The confinenment assenbly may conprise a right circular cylinder.

Preferably, the separate parallel passages extending through the

confi nenment: assenbly are radi al passage®.- Preferably, the confinenent
assenbl'y may conprise at |east one confinenent ring having an upper surface
and a |lower surface, said at | east one confinenent ring being positioned so
as to define a plurality of separate passages distributed
circunferentially, each extending radially fromsaid inner surface to said

outer surface he.assenbly in separate planes qj sposed between said
upper and Iomeﬁ;rg{ﬂ:q%f%:tge S?Df#‘r‘?@em ?’%%‘n@x&(’glp&??sa%&eiﬂgpﬁpar allel thereto.
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Pref erably, sqlﬁ@nm rﬁ’@- apparatus further conprises first and second
radi o- frequency vol tages sources, the first source being of |ower frequency
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According to another aspect of the invention, there is provided a plasma etching
apparatus comprising:

means for housing a gaseous medium useful for etching;

a parallel pair of electrodes defining therebetween an interaction space
where a plasma capable of etching a workpiece supported on one of the electrodes is
generated when radio-frequency energy is provided for establishing a discharge
between the electrodes for ionizing the gaseous medium; and |

a stack of at least three rings, which are spaced apart from each other to
form slots therebetween and are positioned to surround the interaction space, for
controlling the exit of spent gases and for neutralizing charged particles as they exit
the interaction space so as to confine the discharge essentially to the interaction space.

Preferably each slot is proportioned such that during operation of the apparatus
the distance an exiting charged particle must travel in the slot is substantially longer
than its mean free path.

Preferably, the rings are of a dielectric material.

The dielectric material may be quartz.



filter, and the second source being coupled to the second el ectrode by way
of a i nmpedance-matching circuit and to a ground return thereof by way of a
hi gh-pass filter. Preferably, the first4 radi o-frequency source has a
frequency less than the ion transit frequency characteristic of the ions to
be created in the gaseous nedium Preferably, the ratio of frequencies of
the first and second sources is greater than 10 to 1. The frequency of the
first source may be in the range of about 1.5 to 2.5 negahertz and the
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The frequency of the first source may be in the range of about 1.5 to 2.5

megahertz and the frequency of the second source may be in the range of about 25 to
30 megahertz.

The frequency of the first source may be about 2.0 megahertz and the.frequency
of the second source may be about 27.12 megahertz.

The rings may be of a dielectric material.
The dielectric material may be quartz.

According to a further aspect of the invention, there is provided plasma etching
apparatus comprising:

means for housing a gaseous medium useful for etching;

a parallel pair of electrodes defining therebetween an interaction space
where a plasma capable of etching a workpiece supported on the first of the electrodes
is generated when radio- frequency energy is provided for establishing a discharge
between the electrodes for ionizing the gaseous medium to form ions characterized by
an ion transit frequency;

a first radio-frequency voltage source having a frequency less than the ion
transit frequency;



el ectrode by way of a matching circuit and to a ground return thereof by
way of -a high-pass filter. The frequency of the first and second

radi.o- frequency vol tage sources may be @mbout 2.0 and 27.12 negahertz,
respectively. According to yet another aspect of the invention, there is
provi ded plasma etching apparatus conprising: nmeans for housing a gaseous
medi um useful for etching; a parallel pair of electrodes defining

t her ebetween an interaction space where a plasm capable of etching a
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way of an i tching circuit and to a ground return thereof by way
of a lowpass filter; and the second radi o-frequency voltage source being

coupled to the f .y - ching circuyit and
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apparatus comprising:

means for housing a gaseous medium useful for etching;

a parallel pair of electrodes defining therebetween an interaction space
where a plasma capable of etching a workpiece supported on one of the electrodes is
generated when radio-frequency energy is provided for establishing a discharge
between the electrodes for ionizing the gaseous medium;

a stack of at least three rings, which are spaced apart from each other to
form slots therebetween and are positioned to surround the interaction space, for
controlling the exit of spent gases and for neutralizing charged particles as they exit -
the interaction space and thereby for confining the discharge essentially to the
interaction space,

a first radio-frequency voltage source having a frequency in the range of
about 1.5 to 2.5 megahertz;

a second radio-frequency voltage source baving a frequency in the range of
about 25 to 30 megahertz;

the first source being coupled to the first electrode by way of an
impedance-matching circuit and to a ground return thereof by way of a low-pass filter;
and _

the second radio-frequency voltage source being coupled to the second
electrode by way of an impedance-matching circuit and to a ground return thereof by
way of a high-pass filter. |



about 2.0 and 27.12 negahertz, respectively. The rings may be of a
dielectric material. The dielectric material may be quartz. Preferably, the
stack of rings conprises six rings and &efine five slots therebetween and
an upper and a lower slot. According to another aspect of the invention,
there is provided a confinenment assenbly for essentially confining a

di scharge within an interaction space of a plasm processing apparatus
cont ai ni ng a gaseous nedi um useful for processing, said confinenent

assenbly conprigsing:,.a right circular, cylinder havjng portions thereof
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wi I'l be described, by way of exanple only, with reference to the

According to another aspect of the invention, there is provided a confinement
assembly for essentially confining a discharge within an interaction space of a plasma
processing apparatus containing a gaseous medium useful for processing, said
confinement assembly comprising:

a right circular cylinder having portions thereof which define a plurality of
separate parallel passages therethrough from an inner surface to an outer surface
thereof, the passages being spaced apart in a direction normal to the direction of the
gas flow through the passages;

said confinement assembly being useful to be disposed between
spaced-apart electrodes within the plasma processing apparatus and to neutralize
charged particles created in a radio- frequency induced discharge formed in the
gaseous medium when said charged particles pass through the passages of said
confinement assembly.

The cylinder may comprise a dielectric.

Preferably, the passages through the confinement assembly comprise radially
extending passages.



acconpanyi ng drawi ngs, in which: FIG 1 shows a schematic drawi ng show ng
the basic el enments of plasnma etching apparatus in accordance with a
preferred enbodi nent of the present inavkntion; and FIG 2 shows a three

di rensi‘onal view of the ring assenbly of FIG 1. The draw ngs are not
necessarily to scale. Detailed Description of A Preferred Enbodi nent
Referring nowto the FIG 1, there is shown plasnma etching apparatus 10 in
accordance with a preferred enbodi ment of the present invention. Plasm
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The drawings are not necessarily to scale.

Detailed Description of A Preferred Embodiment

Referring now to the FIG. 1, there is shown plasma etching apparatus 10 in
accordance with a preferred embodiment of the present invention. Plasma etching
apparatus may also be denoted as plasma processing apparatus and may be used for
other plasma aided processing such as chemical vapor deposition (CVD). Plasma
etching apparatus 10 comprises a housing 11, typically largely of a metal or of quartz,
that defines a chamber 12 wherein a desired plasma etching process occurs. Housing
11 has a top portion 11a thereof which is easily removable from the rest of housing
11. Typically, the housing 11 includes at least one conductive portion that is
maintained at ground potential for safety reasons. Within the chamber 12 is a pair of
parallel electrodes 13 and 14, each of which is essentially planar and circular.
Electrode 1~3 is shown supporting a workpiece 16 to be etched. Workpiece 16 is



A first voltage source 23, which is of |ower frequency than a second
voltage.source 24, applies its voltage to the [ower electrode 13 by way of
an inpedance-matching circuit (M) 26-i%-the usual fashion through an
opening in the bottomof housing 11 and through a dielectric |ayer 40. It
I's returned to ground via upper electrode 14 by way of the | ow pass filter
(LP) 29. Dielectric layer 40 is typically separated fromel ectrode 13 by a
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of electrode 13 during operation of apparatus 10. The second source 24 applies its
voltage to the upper electrode 14 by way of impedance-matching circuit (MC) 28
through an opening 42 in housing portion 11a and through a dielectric layer 38 and it
is returned to ground via lower electrode 13 by way of a high-pass filter (HP) 27.
Facility is made for injection process gases in interaction space 17, typically through
upper electrode 14. Dielectric layer 38 is typically separated from electrode 14 by a
small distance so as to allow for expansion of electrode 14 during operation of
apparatus 10. In such a multifrequency design, the frequency applied by source 23 to
the electrode 13 generally is used to set up a self- bias on electrode 13 that controls the
energy of the ions incident on the workpiece 16 to a chosen optimal value. The
frequency of the source 24 applied to the electrode 14 generally controls the density of
the plasma and the quantity of ions incident on the workpiece 16. However, it is to be
appreciated that higher frequency source 24 can significantly affect plasma parameters
such as the sheath thickness which influences the bias imposed on the lower electrode
13. We have chosen the frequency of source 23 to be below the ion transit frequency




passages through the confinement assenbly, each passage having a height
determ ned by the space between the upper and |ower surfaces of adjacent
rings and & |l ength determ ned by di starcce between the inner and outer edges
of the'rings which define the inner and outer surfaces of the assenbly.

Mor eover, because the ratio of the two frequencies (2 and 27.12 negahert z)
Is nore than a factor of ten, they are sufficiently different that they can
be separated by sinple filters. Advantageously, in the preferred

enbodi nent an_i nductor and the
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Various gases or mixtures of gases are known for etching, the particular choice

being typically chosen to provide a desired selectivity and/or anisotropy in the etching
of the various materials of the layers on the workpiece 16, as is familiar to workers in
the art.

In accordance with an illustrative embodiment of the invention, during operation
of apparatus 10 the plasma discharge generated between the electrodes 13 and 14 is
confined to the interaction space 17 therebetween by providing a ring assembly (also
denoted as a confinement assembly , a confinement shield, a stack of rings, or
confinement ring) 30 which is shown in cross-section in FIG. 1 and in a three
dimension view in FIG. 2.

The ring assembly 30, which serves as a slotted confinement shield, comprises a
stack of circular rings 32, each of a dielectric that preferably is high quality fused
silica or quartz. The stack forms a right circular cylinder. In a presently preferred
embodiment six rings 32 are stacked as is shown in FIGS. 1 and 2. When assembled,
the six rings 32 are separated by spacers 34 that also may be of quartz. The spacers
34 may be washers or raised regions of the rings 32. Screws 36 are threaded though
the rings 32 and washers 34 to form a rigid structure. In a presently preferred
embodiment screws 36 are nylon. Advantageously the assembly can be supported in




cylinder through which the spent gases within the interaction space 17 exit
for  fl ow out of the chanber 12. The slots 31 extend essentially around the
full circunference of the ring assemd y030, being interrupted only by the
spacers 34. Each slot 31 has a mninmum aspect ratio of 5:1, where the
aspect ratio is defined as the ratio of the wdth of the slot 31 in the
radial direction to the height of the slot 31 in the vertical direction.
The radial width of the slot is made to be a pl ur?lity, gﬁne][al Ihy a’:] Ieazt
tw ce and efe ab | east ntlrresth nmean-free path of the charge
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between a t Eftert rcilngg th?(’ezpla?sfmar c%a? Sesoeur{Sti(lié/ the coaned interaction space 17. Moreover,
the ring assembly 30 acts to intercept any other foreign particles [e.g., fragments of a
photoresist mask (not shown) on the surface 33 of workpiece 16] generated in the
interaction space. At high flow rates there are not a sufficient number of collisions to
assure that such particles will hit walls of the rings 32 before they traverse (pass
through) the ring assembly 30. By having a plurality of slots 31, the gas velocity can
be decreased across the ring assembly 30 so as to make it more likely that such a
particle will not traverse the slot 31 without hitting the walls of the rings 32. _

At the present state of the art, a typical semiconductor wafer to be processed is
eight inches in diameter. For processing such a wafer, the electrodes 13 and 14 would
typically each have a diameter of between about 7 and 9 inches and be spaced apart
between about 1 and 1.75 inches. In a preferred embodiment for processing an eight
inch semiconductor wafer 16, each ring 32 has an inner diameter of about 8.8 inches
to be slightly greater than that of the wafer and an outer diameter of about 10.3
inches. There are six rings and each ring is about 90 mils thick and each slot is about
50 mils in height. There is a slot 31 between a top ring 32 of ring assembly 30 and




upper plate 37. The equival ent of another slot 31 exists between a bottom
ring 32.and a top surface of dielectric |ayer 40. According, there are
effectively seven slots 31 in apparatus110. Upper and |ower surfaces of
each ri'ng 32 are essentially planar to facilitate stacking with each ring
32 having an essentially rectangul ar cross section. Top and bottom i nner
and outer edges of each ring 32 are typically slightly rounded. The spacers
34 would simlarly have planar upper and |ower surfaces and |ateral
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invention. If wordpieces, other than 8 inch semiconductive wafers are used, different
dimensions of apparatus 10 would be involved. In some instances it may be desirable
to use a stack of fewer or more rings 32. Alternatively, the number of slots 31 can be
increased even without adding rings 32 simply by spacing the top and bottom rings 32
of the stack of rings 30 from the electrodes 13 and 14 and using the space thereby
created as additional slots 31. In the limit, a single ring properly positioned to form
two slots appropriately proportioned may be used. It may also be desirable in some
instances to use a single-frequency design with the ring assembly 30. In such
instance, a voltage signal is applied between the upper electrode 14 and the lower
electrode 13, and a reference voltage (typically ground) is applied to walls defining
chamber 12. In some instances, it may also be desirable to use a d-c voltage source to
provide a d-c voltage on lower electrode 13.




- 12 CLAIMB: 1. Pl asma processi ng apparatus conprising: nmeans for a

housi ng for containing a gaseous nedi um useful for—processtng—a—werkpiece,;
a parallel ‘pair of electrodes defini ngl2herebet V\eegmﬂ!ﬁl@t eraction space

where & plasma capabl e of processing a workpiece s ﬂ!ﬂ’ﬂqﬂﬁ"u t he
o

el ectrodes i erated when radi o- frequency ener P
est abl i shi n&ia‘\qmcharge bet ween the el ectrodes and ionizing the gaseous
medi um and a confinenment assenbly defining a plurality 01;1 sepa][ate

paral l el passages extending that allow gas flow through the confinement
assembly from gn i nﬁaﬁmém%ﬁﬁsén&@% PIS& ace, said parall el passages
bei ng spaced apart meaas dor aciouwsing dormebntainingph giseblis médiwndusgbsiefor

t hrough sai conflnenent assenbly bei ng di sposed between the
el ectrodes, gang % d%péégages bei ng proportioned for essentially confining

the di scharge wi t hi & paradlel paisrof el¢ctrodes defining th@:@bctMecnlamgmmeracgeni space
particles C%@feeﬁ pla@rﬂaﬁﬂp%l@ rda&ing D %ot %ﬁé&%g@% n 9?1?1% e'ié&irg t he

assages. 2, asne ssi ng appar us a aim erein
F he confi ne%%ﬂneéﬁg‘g E‘g‘ﬁp frequency cneEsyetstproyided for estpblighing pulisphargessi ng
appar at us abaﬁv’eéhﬂ@dl&n@déshﬁfd 1@ﬂﬁmgfth6g§de6§sﬂae&hm?,an&here' n the confinenent
assenbly conpri ses a right chrcul g{y%\% I.nder Iasma ﬁr ocessi ng

h

- appar at us accor di ng?f8 assgp W%écﬂhﬁ@h&ﬂ ag %ﬁé’?‘%ﬂ 1 pagsages
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assenbl y i nceedimtie plasanewheti cxp@ha@edv?hm&s pﬁésltﬂrdl!l@ﬁ@lie Pddsageover surfaces
of the rings and substantially parallel thereto. 6. The plasma processing

apparatus according to claim5 wherein the confi nerrent assenbly conpri ses
at | east three2ing%he plasma processing apparatus according to claim 1 wherein the

confinement assembly comprises a dielectric.

3. The plasma processing apparatus according to either one of claims 1 or 2,
wherein the confinement assembly comprises a right circular cylinder.

4, The plasma processing apparatus according to any one of the preceding
claims, wherein the separate parallel passages extending through the confinement
a_ssembly are radial passages.

5. The plasma processing apparatus according to any one of the preceding
claims, wherein the confinement, assembly comprises at least one confinement ring
having an upper surface and a lower surface, said at least one confinement ring being
positioned so as to define a plurality of separate passages distributed circumferentially,
each extending radially from said inner surface to said outer surface of the assembly in

separate planes disposed between said upper and lower surfaces of the rings and
substantially parallel thereto.

6. The plasma processing apparatus according to claim 5 wherein the
confinement assembly comprises at least three rings.



- 13 - 7. Pl asma et chi ng apparatus conprising: nmeans for housing a
gaseous nedi um useful for etching; a parallel pair of el ectrodes defining
t her ebetween an interaction space wher@3a plasma capable of etching a

wor kpi ece supported on one of the el ectrodes is genera

radi o-frequency energy is provided for establishing a mﬁmﬂi’gumwl’lﬁgﬂ t he
el ectrodes for ionizing the gaseous nedium and a stack=*ofcatt | easts ree
rings, which are spaced apart fromeach other to form slots therebetween
and are positiqgned i, surround the interaction space, for controlling the
exit of spent dases %ﬁl&af ALRMYS SOMPTISHE: ged particles as they exit the

i nteraction space smeans fop houshig #gasebes slediohnuisgtilgssahing) | y to the

i nteraction space. 3. tching. a ratus according to claim?7
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| ow- pass filter, and the second source being coupled to the second

el ectrode by wgy of Tge bﬁ%&'@fbﬁﬁ;ﬁﬁg&?&t@g g&édl:gigﬂg;tloadi&& 9 i vHiOW BShH Sibtfs"
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frequency | etmasgddypurticle enisottatel aithetsidtlie SitBRGMalGNRBEL Bhh &S bifeaR frek %ﬁtﬂ. ons to
be created in the gaseous nmedium 13. The plasma etching apparatus
according to claim11l wherein ratio of frequencies of the first and second
sources is gre& er Theaplagiba ewhibg apparatus according to either one of claims 7 or 8, in

which the rings are of a dielectric material.

10.  The plasma etching apparatus according to claim 9 wherein the dielectric
material is quartz.

11.  The plasma etching apparatus according to any one of claims 7 to 10,
wherein said apparatus further comprises first and second radio-frequency voltages
sources, the first source being of lower frequency than the second source and being
coupled to the electrode supporting the workpiece by way of an impedance-matching
circuit and to a ground return thereof by way of a low-pass filter, and the second
source being coupled to the second electrode by way of a impedance-matching circuit
and to a ground return thereof by way of a high-pass filter.

12.  The plasma etching apparatus according to claim 11 wherein the first
radio-frequency source has a frequency less than the ion transit frequency
characteristic of the ions to be created in the gaseous medium.

13.  The plasma etching apparatus according to claim 11 wherein ratio of
frequencies of the first and second sources is greater than 10 to 1.



- 14 - 14. The plasma etching apparatus according to claim 11 in mhich
the frequency of the first source is in the range of

nmegahertz and the frequency of the secdAd- source is in the r f about
25 to 30 negahertz. 15. The plasna etching apparmmm %Hn@mﬁ claim 14

wherein the frequency of the first source is abou nd the
frequency of the second source is about 27.12 negaferfz The pl asnma
et ching apparatus according to claim15 in which the rlngs are of a

dielectric mater, al The asma etchin aratus_accqrdin to clalm
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frequency; abafQonad meéghhertz.r equency vol tage source having a frequency at

| east greater than ten tinmes the first frequency; the first source being
coupled to the first electrode by way of an inpedance-nmatching circuit and

to a ground retlér n Thepiasmatesching apfaraud asvontisg td tlhine15 immtichhde $R@9 Ak

radi o-frequ ARG rce being coupled to the second el ectrode by way
of a mat chi ﬁgg}:ife?%h‘?t atr?dlg'tjo a ground return thereof by way of a high-pass

filter. 19. Thée plasna etching apparatus according to claim 18 wherein the

frequency of the fiTaé phefia RhRthppRinR AU OYcIAR 16 Wfer B ifeSHeREGicAPOUt

2.0 and 27.12 nepahertz respectively.
material 1s quartz

18.  Plasma etching apparatus comprising:

means for housing a gaseous medium useful for etching;

a parallel pair of electrodes defining therebetween an interaction space
where a plasma capable of etching a workpiece supported on the first of the electrodes
is generated when radio- frequency energy is provided for establishing a discharge
between the electrodes for ionizing the gaseous medium to form ions characterized by
an ion transit frequency;

a first radio-frequency voltage source having a frequency less than the ion
transit frequency;

a second radio-frequency voltage source having a frequency at least greater
than ten times the first frequency;

the first source being coupled to the first electrode by way of an
impedance-matching circuit and to a ground return thereof by way of a low-pass filter;
and '

the second radio-frequency voltage source being coupled to the second
electrode by way of a matching circuit and to a ground return thereof by way of a
high-pass filter.

19.  The plasma etching apparatus according to claim 18 wherein the frequency
of the first and second radio-frequency voltage sources are about 2.0 and 27.12
megahertz, respectively.
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gaseous nedi um useful for etching;, a parallel pair of ,electr _defining
t her ebetween an interacti on space wher#sa pl asm capagw chi ng

wor kpi éce supported on one of the electrodes is gener

radi o-frequency energy is provided for establishing a di §CWMWWn t he
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el ectrodes for ionizing the gaseous nedium a stack of at | east tsh
rings, which are spaced apart fromeach other to form slots therebetween

and are positiqped ﬁ surrﬁund the interaction space, for controlling the
exit of spent ggses lgﬂﬁaf'{? GARPRIAS FORBTEWEr ged particles as they exit the
interaction space amearstfor héwsiigoa gaseois medignd refudifocéigtiig, essentially to

the int ti a I rst ip-fre ncy ..vol.tage soutce having a
frequency in tne v apgardiel paf of SERpIESTTEY mefete¥eer s ifrpcfion Shack

r adi38- fr eqﬁwhcly a/plrsmaycapableraf etching a goskiececsnpposted lontdnfei ofahe :ientrodbsnist ] 35

t mega ; L Q%E'C 0

vvgy of - ag igr%ﬂeeg%tﬁgg?h nééit gﬁ%%ﬂ(ﬁu(régﬁ? ha {ggﬁj gggdretgufr? m(réteatbllji;sﬁhigne?g%?lg%; way
of a | ow paBaween theelectpdes: for ionizing ther gagequs mediliancy vol tage source being
coupl ed to the secoggiack @ tat RASt Meé"ﬁﬁgﬂfwﬁi&h'aﬁ‘@@?ﬁ@tﬁgyﬁﬁgﬁd?ﬁ@%}lﬁét%%‘ﬂgt and

d h f b f .a high- . . ma
et chi g appf 1o theEheesn apd e pariloncd o hiuad he ditsractionDapby roned
such that deontrodling drea¢iipof sfent Igas&mmdgf@i‘ lm&uﬁrﬁliezidg L&hﬁ@é@piﬁﬁicl%x la$ heg eﬁc'ita][ ged
I cl : . ] t st aht.i a onger an .ts mean free
o b, ™l hiiShoh SoACy o, MR BTG b 9Nl LBl SR, I
20 or 21, wintaragtiontspacef r equency of the first and second radi o-frequency
vol tage sources are, ﬁpﬁ%‘ﬁg"ﬂqﬁf*ﬁf‘%’é&g‘* WQ%%‘& % ﬁgﬁ@;%%gltgﬁr%%? ofi Ne

pl asma et chi ng apparatus accor ny one o ( whi ch
the rings a?l@%b#iwd’«-é%@qr&z: material. 24. The plasma etching apparatus

according to clai m2gcohe igiit-fiefiRendy SoRade otrd¥tHa®ingal frequedtiP i the range of

about 25 to 30 megahertz;

the first source being coupled to the first electrode by way of an
impedance-matching circuit and to a ground return thereof by way of a low-pass filter;
and

the second radio-frequency voltage source being coupled to the second
electrode by way of an impedance-matching circuit and to a ground return thereof by
way of a high-pass filter.

21. The plasma etching apparatus according to claim 20 in which each slot is
proportioned such that during operation of the apparatus the distance an exiting
charged particle must travel in the slot is substantially longer than its mean free path.

22.  The plasma etching apparatus according to either one of claims 20 or 21,
wherein the frequency of the first and second radio-frequency voltage sources are
about 2.0 and 27.12 megahertz, respectively.

23.  The plasma etching apparatus according to any one of claims 20 to 22, in
which the rings are of a dielectric material.

24.  The plasma etching apparatus according to claim 23 wherein the dielectric
material is quartz.
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charged particles created in a radio- frequency induced discharge formed in the
gaseous medium when said charged particles pass through the passages of said
confinement assembly.

27.  The confinement assembly according to claim 26 wherein the cylinder
comprises a dielectric. '

28. The confinement assembly according to either one of claims 26 and 27,
wherein the passages through the confinement assembly comprise radially extending
passages.

29. The confinement assembly according to any one of claims 26 to 28,
wherein the confinement assembly comprises at least one confinement ring having an
upper surface and a lower surface, said at least one confinement ring being positioned
to define a plurality of slots distributed circumferentially therein and extending radially
from said inner surface to said outer surface in a plane disposed between said upper
and lower surfaces substantially parallel thereto.

30. The confinement assembly according to claim 29 wherein there are at least
three confinement rings. '



