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1~ ~ . 116655-003000

PROCESS DEPENDING'ON PLASMA DISCHARGES SUSTAINED
BY INDUCTIVE COUPLING

BACKGROUND OF THE INVENTION

5 This invention relates -generally to plasma processing. More

particularly, the invention is for plasma processing of devices using an inductive'

discharge. This invention is illustrated in an example with regard to plasma

etching and resist stripping of semiconductor devices. The invention also is

illustrated with regard to chemical vapor deposition (CVD) of semiconductor.

10 devices.' But it will be recognized that the. invention has a wider range of

applicability. Merely by way of example, the invention.also can be applied in

other plasma etching applications, and deposition of materials such as silicon,

silicon dioxide, silicon nitride, polysilicon, 'among others.-

Plasma processing techniques can occur in a variety of

15 semiconductor manufacturing processes. Examples of.plasma 'processing

techniques occur in chemical dry etching (CDE), ion-assisted etching (IAE), and

plasma enhanced chemical'vapor deposition (PECVD), including remote plasma

deposition l(RPCVD) and ion-assisted plasmra enhanced. chemical vapor deposition

(IAPECVD). These plasma processing techniques often rely upon. radio frequency

20 power (rf) supplied to an inductive coil fo rprovidinig'power to gas phase species in

forming a plasma.

Plasmas can-be used to form -neutral species (i.e., uncharged) for

purposes of removing or forming films in the manufacture of integrated circuit

devices. For instance, chemical dry:etching generally depends,on gas-surface

25 reactions involving these neutral species without 'substantial ion bombardment.

In other manufacturing processes, ion bombardment to substrate

surfaces is often. undesirable. This ion bombardment, however, is known to have

harmful effects on properties of material layers in devices and excessive ion

bombardment flux and energy can lead to intermixing of materials in. adjacent

30 device layers, breaking down oxide and "wear out, " injecting of contaminative

material formed in the processing environment into substrate material layers',

harmful changes in substrate morphology (e.g. amophotization), etc.
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2 i16655-003000.

Ion assisted etching processes, :however, rely upon ion bombardment

to the substrate surface in defining selected.films. But these ion assisted etching

processes commonly have a lower. selectivity relative to conventional CDE

processes. Hence, CDE is often chosen* when high selectivity is desired and ion

5 bombardment to substrates are to be avoided.

One commonly used chemical dry etching technique is conventional

photoresist stripping, often termed ashing or stripping. Conventional resist

stripping relies upon a reaction between a neutral. gas phase species and a surface

material layer, typically for removal. 'This reaction generally forms volatile

10 products with the surface material layer for.its removal. The neutral gas phase

species is, formed by a plasma discharge. This plasma discharge can be sustained

by a coil (e.g., helical coil, 'etc.) operating at a selected frequency in a

conventional photoresist stripper. An example of th e conventional pho-toresist

stripper is a quarter-wave helical resonator 'tripper, which is described by -U.S.

15 Patent No. 4,368,092 in the name of, Steinberg et al.

Referring to the above, an objective in chemical dry etching -is to

reduce or even eliminate ion bombardment (or ion flux) to surfaces being

processed to maintain the desired etching, selectivity. In practice, however, it is

often. difficult to achieve using conventional techniques. 'These conventional

20 techniques geneidlly attempt to control ion flux by suppressing the amount of

charged species in the plasma source reaching the process chamber. A variety of

techniques for suppressing these charged species have been proposed.

These techniques often rely upon shields, baffles,-large separation

distances between the plasma source and the'chamber, or the like, placed between

25 the plasma source and the process' chamber.' The conventional techniques

generally attempt to directly suppress charge density downstream of the plasma

source by interfering with convective and diffusive transport of charged species.

They tend to promote recombination of charged species by either increasing the

surface area (e.g.., baffles, etc.) relative to volme, or increasing flow time,whc

30 relates to increasi ing the distance betweenthe plasma sou rce and the process

chamber.
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3 16655-003000

These baffles, however, cause loss of desirable neutral etchant

species as well. The baffles, shields, and alike, also are often cumbersome.,

Baffles,'Ishields, or the large separation distances. also cause, undesirable

recombinative loss of active species and sometimes cause radio frequency power

5 loss andother problems. These baffles and' shields also-'are a potential source of

particulate contamination, which is often damaging to integrated circuits.

Baffles, shields, spatial separation,. and alike, when used alone also

are often insufficient to substantially prevent: unwanted parasitic plasma currents.-

These plasma currents are generated between the wafer and the plasma source, or

10 betweenf the plasma'source'and walls of the. chamber.. It is commonly known that

when initial charged species levels are present in an electrical field, the charged

species are accelerated and-dissociative colli1sions with neutral particles can

multiply* the concentration of charge to higher levels. -If sufficient "seed" levels of

charge and rf potentials are present, the parasitic' plasma in the vicinity of the

15 process,'wafer can reach harmful charge density levels. In some cases, these

charge densities m ay be similar to or evenigreater than plasma density within the

source plasma region, thereby causing even more ion flux to the substrate.

Charge densities also createRa voltage difference between the plasma

source and processing chamber or substrate support, which can have'an additional

20 deleterious effect This voltage difference enhances electric fields that can

accelerate extraction of charge from the plasma source. Hence, their presence

often induces increased levels of charge to be irregularly transported from the

plasma source to process substrates, thereby causing non-uniform ion assisted

etching.'

25 Conventional ion assisted plasma etching, however, often requires

control and maintenance of ion flux intensity and uniformity within selected

process'limits and within selected process energy ranges.. Control and maintenance

of ion flux intensity and -uniformity are often'difficult to achieve using conventional

techniques. For instance, capacitive coupling between high voltage selections

30' of the coil and the plasma discharge often cause high and'uncontrollable plasma

potentials relative to ground. It is generally understood that voltage difference
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4 16655-003000

between- the plasma and ground can cause damaging high energy. ion bombardment

of articles being processed;by the plasma, A.s:illustrated by U.S. Patent No.

5,234,529 in the name of'Johnson. It is further often understood that rf

component of the plasma potential varies in. time since it is derived from a

5coupling to time varying rf excitation. Henc6e, the energy of charged particles

from plasma,in conventional 'inductive sources is spread over a.relatively wide

range of energies, which undesirably tends to introduce uncontrolled variations in

the processing of articles by the plasma.

The voltage difference between the region just outside of a plasma

10 source and the processing chamber can be modified by introducing internal

conductive shields or electrode elements into the:processing apparatus downstream

of the source. When the, plasma potential is elevated with respect .to these shield

electrodes, however, therelis a tendency -to generate an undesirable capacitive

discharge between. the shield and plasma source. *These electrode elements are

15 often a-source of, contamination and the likel;i hood for contamination is even

greater when there is capacitive discharge (ion -bombardment from capacitive

discharge is a potential sou rce of sputtered- material). Contamination is damaging

to the manufacture of integrated circuit devices.

Another limitation is that the'shield or electrode elements generally,

20 require small holes therein, as'structural elements. These,small holes are designed

to allow gas to flow therethrough. The small holes, however, tend to introduce"

unwanted pressure, drops and neutral species recombination. If the holes are made

larger, the plasma from the source tends to survive transport through the holes and

unwanted downstream charge flux will often 'result. In addition, undesirable

25 discharges to these holes in shields can, at times, produce an even more

undesirable hollow cathode: effect.

In conventional helical. resonator designs, conductive external

shields are interpo6sed between the inductive power (e.g., coil, etc.) and walls of

the vacuum vessel containing the plasma. A Variety limitations with. these external

30 capacitive shielded plasma designs (e.g., helical resonator, inductive discharge,

etc.) have been observed. In particular, the capacitively shielded design *often
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produces. plasmas that are difficult to tune.and even ignite. Alternatively, the use

of unshielded plasma sources (e.g., conventional quarter-wave resonator,

conventional. half-wave resonator, etc.) attain a substantial plasma potential from.

c apacitive coupling to the'coil, and hence are; prone to'create uncontrolled. parasitic

5plasma currents to grounded surfaces. Accordingly, the use of either the shielded

or the unshielded:'sources using conventional quarter and half-wave rf frequencies

produce undesirable results.

In many conventional plasma sources a means of cooling is required

to maintain the plasma source and substrates being treated below a maximum

10 temperature limit. Power dissipation in the structure causes heating and thereby

increases the difficulty and expense of implementing effective cooling means.

Inductive currents may also be coupled ftrm'the excitation coil into internal or

capacitive shields, and -these currents are an additional source of undesirable power
lossandheaing Covenionl cpactie' helding in helical resonator discharges

15 utilized-A shield which was substantially split along the long axis of the resonator

to lessen eddy current loss. However, such a s hield substantially perturbs the

resonator characteristics owing to unwanted capacitive coupling and 'current which

flows from the coil to the shield. Since there are no general design equations, nor

are properties'curirently known for resonators which are "loaded" with a shield

20 along the axis, sources using this design must be sized and made to work by trial

and error.

In inductive'discharges, it is highly desirable to be able to

substantially control the plasma potential relative to ground !potential, independent

of input power, pressure, gas compo sition and other variables. In many cases, it

25 is desired to have the-plasma potential be substantially-at ground potential (at least
offset from grou ~ oeta ya mutisgificantly different from the'

floating potential 'or intrinsic DC plasma'pot ential). For example, when-a plasma

*Source is utilized 'to generate neutral species to be transported downstream of the

source for use in ashing resist'on a semiconductor device substrate (a wafer or flat

30 panel electronic display), the concentration and potential of charged plasma species

in the reaction zone are desirably reduced to avoid charging damage from electron
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6 16655-003000.

or ionic current from.the plasma to the device. Wheni there is a substantial

potential.difference between plasma in the source and grounded surfaces beyond

the source, there is a tendency for unwanted parasitic plasma discharges to form

outside of the source region.*

5 Another undesirable effect of potential difference is the acceleration

of ions toward grounded surfaces an.d subsequent impact of the energetic ions with

surfaces. High energy ion bombardment may ase lattice damage to the devic

substrate being processed and may cause.the chamber wall or other chamber'

materials to sputter and conta minate device*wafers. In other plasma processing

10 procedures, however, some ion bombardment may be necessary or desirable, as is

the case particularly for anisotropic ion-indiiced plasma etching procedures (for a

discussion of ion-enhanced plasma etching. mechanisms See Flamm (Ch. 2,pp.94.-

183 in Plasma Etching, An Introduction, D! M. Manos and D.L. Flamm, eds.,

Academic Press,, 1989)). Consequently, uncontrolled- potential differences, such as'

15 that caused by "stray" 'capacitive coupling.fro'm the coil of 'an inductive plasma

source to the plasma, are undesirable.

Referring to the above limitations, conventional plasma sopurces also

have disadvantages when. used in conventional plasma enhanced CVD techniques.

These techniques commonly. form a reaction of a gas composition in a plasma

20 discharge. One conventional plasma, enhanced technique relies upon ions.aiding in

rearranging and stabilizing. the film, provided the bombar dment from the plasma is

not sufficiently eiergetic to damage the underlyinfg' substrate'or the growing film.

Conventional resonators and,other types of inductive discharges often produce

parasitic plasma currents from capacitive coupling, which often detrimentally

25 influences film quality, e.g., an inferior- film, etc. These -parasitic plasma currents

are often uncontrollable, and highly undesirable. These plasma sourcesI also have

disadvantages in other plasma processing techniques such as ion-assisted etching,

and others. Of course, the particular disadvantage will often depend-upon the

application.

30 To clarify certain concepts used'in this application, it will be

convenient to introduce these definitions.
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Ground (or ground potential): These term's are defined as a
reference potential which is generally -taken. as the potential of a
highly conductive shield or other highly conductive surface which
surrounds the plasma source,.: To be a true ground shield in the

5 sense of this definition, the RF conductance at the operating
frequency is often substantially high so that potential differences
generated by current'within the shield are of negligible magnitude
compared to, potentials- intentionally applied to the various structures
and elements of. the plasma source, or substrate support assembly.

10 However, some realizations of,plasma sources do not incorporate a
shield or surface with adequate ectrclssetnet etti
definition. In implementations where there is a surrounding
conductive surface that is somewhat similar to a ground shield or
ground.plane, the'ground potential is taken to be the fictitious

15 potential which the imperfect. grounded surface would have
equilibrated to if it had zero- high frequency impedance. In designs-
where there -is no physical surface which is adequately configured or.
which does not have, insufficient susceptance to act as a "ground"
according to. the above,definiiion, ground potential is the potential of

20 a fictitious surface which is equi-potential with the shield. or
"ground." conductor of an unbalanced transmission line connectio n to
the plasma source at its RF f6ed point.. In designs where the plasma
source is connected to An RF1 generator with a balanced transmission
line RF feed, "ground" potential is the average of the driven feed'

25 line potentials at.the point where the feed lines are coupled to the
plasma source.

Inductively Coupled Power: This term is defined as power
transferred to the plasma substantially by means of a time-varying

30 magnetic flux which is induced within the volume containing the
plasma source. A time-varying magnetic flux induces an
electromotive force in'accord; with Maxwell's equations. This
electromotive force ind uces motion by electrons and other charged
particles. in the plasma and thereby imparts energy to these particles.

35
RF inductive, power source and bias. power supply: In most
conventional inductive: plasma source reactors, power is supplied to
an inductive coupling element. (thel inductive coupling. element is
often a multi-turn coil which tabuts a dielectric wall containing a gas

40 where the plasma is igniited at low! pressure) by an rf power
generator.

Conventional Helical Resonator: Conventional helical resonator can
be "defined as plasma: applicators. These plasma applicators have

45 been designed and operated in multiple configurations, which were
described in, for example, U.S. Patent No. .4,918,031 in the names

   Page 19 of 138



8:.16655-003000

of Flamm* et'4., U.S. Patent., No. 4,68, 092 in the'name of
Steinberg tal., U.S.Patent No. 5,304,282'in the name of Flamm-
U.S. Patent.No. 5,234,529 in the'name of Johnson, U.S. Patent No.
5,431,968 in, the name of Miller, and,others. In these

5 configurations, one end of. the. helical resonator applicator coil has
been grounded to its outer shield.: In one conventional
configuration, a quarter wavelength helical resonator section is
employed with one end of the, applicator coil grounded and the other
end floating.(i.e., open circuited). A trimming capacitance is

10 sometimes connected between the grounded outer shield and the coil
to "fine tune" the quarter wave structure to a desired resonant
frequency that is.below the native resonant frequency., without added
capacitance.. In another,conv .entional configuration, a half-
wavelength helical resonator section was employed in which both

15 ends of the coil were grounded. The function of grounding the one
or both ends of the coil was believed to be not essential, but

* advantageous to "stabilize the plasma operating characteristics" and'
"reduce the possibility- of coupling stray current to nearby objects."
See U.S. Patent No. 4,918,0131.

20
Coniventional resonators have also been constructed in other

* geometrical 'configurations. For instance, the,design 6f helical
resonators With a shield of square cross section is described in
Zverev et al'. IRE Transaction's on Component Parts, pp. 99-110,

25 Sept. 1961. Johnson (U.S. Patent No. 5,234,529) teaches that one
end'of the cylindrical spiral coil in a conventional helical resonator
may be deformed into a planar spiral above the top surface of the
plasma reactor tube. U.S.'Patent No. 5,241,245 in the names of'
Barnes et al. teach the u se o f conventional helical resonators In

30 which the spiral cylindrical, coil is:entirely deformed into a planar
spiral arrangement with no helica.l:coil component along the
sidewalls of the plasma source,(this geometry has often -been
referred to as a "transformer .:coupled plasma," termed a TCP).

From the above it is seen that an improved technique, including a

35 method and apparatus, for plasma processing is often desired.

SUMMARY OF THE INVENTION

The present invention provides'a technique, including a method and

apparatus, for fabricating a product using a,plasma discharge. The present

40 technique relies upon the control. of.the instantaneous plasma AC potential to

selectively control A variety oftplasma characteristics. 'These characteristics
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include the amount of neutral sp ecies, the am ount of charged species, overall

plasma potential, the spatial extent and dis tr ibution of plasma density, the

distribution of electrical current, and others.. This technique can be used in

applications including chemical dry etching '(e.g., stripping, etc.), ion-enhanced

5etching, plasma immersion: ion implaAtation' , chem ical vapor deposition and

material growth, and'others.

in one aspect of the invention, a process for fabricating a product is

provided. These products J,nclude a varieties'of devices (e.g., semiconductor, flat

panel displays, micro-machined structures, etc.) and materials, e.g., diamonds, raw

10 materials, plastics, etc. The process includes steps of subjecting a substrate to a

composition of entities. At least one of the entities emanates from a species.

generated by a gaseous discharge excited by a high frequency field in which the

vector sum of phase and anti-phase capacitive coupled'voltages (e.g.,.AC plasma

voltage) from the inductive coupling structure substantially balances. This process

15 provides for a technique that is substantiall free: from stray or parasitic capacitive

coupling from the plasma: source to; chambe r bodies (e.g., substrate, walls, etc.) at

or near ground potential.

In another aspect of the inveiition,: another process for fabricating a

product is provided. The process includes* '66ps !of subjecting a substrate to a

20 composition of entities. At least one of thel entities emanates from a. species

generated. by a gaseous discharge excited by a hig h frequency field in which the

vector sum of phase 'and anti-phase capacitive- coupled voltages, from the inductive

coupling structure is selectively :mai ntai ned.'! This process provides for a technique

that can selectively control'the amount of cap'acitive coupling to chamber bodies at

25 or near ground potential.

A further aspect,of the;invention provides yet another process for

fabricating a*product.' This process includes steps of subjecting a substrate to a

composition of entities. At least one -of the entities emanates from a species

generated by -a gaseous discharge excited by a high frequency field in which the

30 vector sum of phase and anti-phase capacitive coupled voltages from the inductive

coupling structure is selectively Imaintained. A further step of selectively applying
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a voltage betweeni the at least one of 'the entities in the plasma source and a

substrate is provided. This process provides.for;,a technique that.can selectively

control the amounit of 'capacitive coupling to chamber bodies'at or near ground

potential, and provide for a driving voltage between the entities and a substrate.

5 Another aspect of the invention pro,vides another process for
fabricating rdc.T eprcsco riests of subjecting a substrate to a

composition of entities and using the resulting_ substrate for completion of the

product. At least one of the entities emanates from a species generated by a

gaseous discharge provided by a plasma applicator, e.g., a helical resonator,

10 K inductive coil, transmission -line, etc. This plasma applicator has an integral

current driven. by: capacitive coupling of a pla sma column to elements with a

selected potential. greater than a: surround ing shiel d potential substantially equal to

capacitive coupling of the plasma column'to substantially equal elements with a

potential below shield potential.

15 In A further Aspect, the.invenition provides an apparatus for

fabricating a product. The apparatus has ani-enclosure comprising an out6r,surface

and.an inner surface. The enclosure housesga gaseous discharge. The apparatus

also includes'a plasma applicator (e.g., helical coil, inductive coil, transmission

line, etc.) disposed adjacent to'the outer surface. A high frequency power source

20 operably coupled to the plasma applicator is:included. The high frequency power

source provides high frequency to excite ithe : gaseous discharge to provide at least'

one entity from a. high frequency field in w hich the vector sum of phase and anti-

phase capacitive current coupled from the inductive coupling structure is

selectively maintained.

25 In Another aspect, the -present invention provides an improved

plasma discharge 'apparatus. This plasma discharge ap paratus includes a plasma

source, a plasma Applicator (e.g., inductive-coil' transmission line, etc.), and other

elements. This plasma applicator provides. a de-coupled plasma source. A wave

adj.ustment circuit (e.g., RLC circuit, coil, transmission line, etc.) is operably

30 coupled to the plasma applicator. The wave adjustment circuit can selectively

adjust phase and anti-phase potentials of* plasma from an rf power supply. This
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rf power supply i operably coupled to the. wave 'adjustment circuit.

The present invention achieves these benefits'in the context of

known process technology.. Ho wever, a futther understanding of the. nature and
advantages of the present invention may be realized by reference to the latter

5 portions, of -the specification and attached,'drAwings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig.' 1 is a simplified diagramh of a plasma etching apparatus,

according to the present invention;

10 Figs. 2A-2E are simplified configurations using wave adjustment

circuits according to the present invention;

Fig. 3 is a simplified'diagram of a chemical vapor deposition

apparatus according to the present invention;.

Fig. 4 is a simplified diagramfiof a stripper 'according to the prsen
15 invention;

Figs. 5A-5C are more detailed sim plified diagrams of a helical

resonator according to the present invention;

Fig. 6 is a c tonventional quarter-wave helical resonator plasma

etching apparatus with stray plasma which results from the coupling in the

20 conventional design;

Fig. 7 is a simplified diagram of the rf voltage distribution along the.

coil of the Fig. 6:.apparatus;

Fig. 8 is a simplified top-view diagram of a stripping apparatus

according to the present experiments; and

25 Fig. 9 is a simplified side-view diagram of a stripping apparatus

according to the present experiments.

DETAILED DESCRIPTION OF. THE INVENTION

Fig. 1 is a simplified diagram of a plasma etch apparatus 10
30 according to the present invention. This'etch apoaratus is'provided with an

inductive applicator, e.g., inductive coil. This etch apparatus depicted, however,
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is merely an illustration, and should not limit the scope of the claims as defined

herein. 'One of ordinary skilled in,the;art r0ay implement the present invention

with other treatment chambers and the like'.i

The etch apparatus includes a,chamber 12, a feed source 14, an

5 exhaust:16, a.pedestal 18, an inductive applicator 20, 'a radio frequency (rf) power

source 22 to the inductive applicator 20, wave adjustment circuits 24, 29 (WACs),

a radio frequencyi power source 35 -to the pedestal, 18, a controller 36, 'and other

elements. Optionally, the etch apparatus includes a gas distributor 17.

The chamber 12 can be any suitable chamber capable of housing a

10 product 28, such as a wafer to be etched, and for providing a plasma.discharge

therein. The chamber can.be a domed chamber for providing a uniform plasma

distribution over the product 28 to be: etched, but the chamber also can. be

configured in other shapes or geometries, e.g-.,-flat ceiling, -truncated pyramid,

cylindrical, rectangular, etc. Depending upon the application, the chamber is

15 selected'to produce a uniform entity density over,; the pedestal 18, providing a high

density' of entities' (i.e., etchant species) for!'etching uniformity.

The present chamber:includes.a dome 25 having an interior surface

26 mad6 of quartz or other suitable mffaterials. The exterior surface of the chamber

is typically a dielectric material such as a ceramic.or the like. Chamber 12 also

20 includes a process kit with'a focus ring 32, *;a. cover (not shown), and other

elements.- Preferably, the plasma discharge'is derived from the inductively coupled

plasma 'source that is a de-coupled plasma souarce (DPS) or a helical resonlator,

although other soulrces can'be employed.:I

The de-coupled source originates from rf power derived from the

25 inductive applicator 20. Inductively coupledpwri derived from the power

source 22. The rf signal frequencies,iranging from 800 kHz. to 80 MHz can be
provided to the inductive applicator!20. :Prefeal,th fsgal frequencies range

from 5 MHz to 60 MHz. The inductive'appl icator (e.g. oi, antna

transmission line,; etc.) overlying the chamber ceiling can be made using a variety

30 of shapes and ranges of shapes. For example, the inductive applicator can be a

single integral conductive film, a transmission line, or multiple coil windings. The
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shape of the inductive applicator and its location relative to the chamber are

selected, to provide a plasm a overlying the ''edestal to imp rove etch uniformity.

The plasma discharge (or plasma source) is derived from the

inductive applicator 20 operating atuselected phase 23 and anti-phase 27 potentials

5, (i.e., voltages) that substantially cancel each other. The controller 36 is operably

coupled to the wave adjustment circuits 24,.29. 'In one embodiment, wave

adjustment circuits 24, 29 provide an inductive applicator operating at full-wave

multiples 21. This embodiment of full-wave multiple operation provides for

balanced capacitance of phase 23 and anti-phase voltages 27 along the inductive.

10 applicator (or coil adjacent to the plasma). 'This full-wave multiple operation-

* reduces or substantially eliminates the amount of capacitively coupled power. from

*the plasma source to chamber bodies (e.g.,'pedestal, Walls, wafer, etc.) at or close

to ground potential. Alternatively, the wavp adjustment circuits 24, 29- provide an

inductive applicator that is effectively made'shorter or longer than a full-wave

15 length, multiple by a selected amount, thereby operating at selected phase and anti-

phase voltages that are not full-wave multiples. Alternatively, more than two, one

or even no wave adjustment circuits can be.provided in other embodiments. But in

all of these above embodiments, the phase and anti-phase potentials substantially

cancel each other, thereby providing, §ubstafitially no capacitively coupled power

20 from the plasma source to the chamber bodies..

In alternative embodiments, the wave adjustment circuit can be

configured to provide selec;ted phase -and, anti-phase coupled voltages. coupled from

the inductive'applicator to 'the plasma that do not canceL. This provides a

controlled potenti.al between the plasma and' the chamber bodies, e.g., the

25 substrate, grounded 'surfaces, walls,"etc. In one;embodiment, the wave adjustment.

circuits can be used to selectively reduce currentji.e., capacitively coupled

current) to the plasma. This'can occur when certain high potential. difference

regions of the.inductive applicator to the plasma'are positioned (or kept) away

from the plasma region (or inductor-c:ontainfing-the-plasma region) by making them

30 go into the wafer adjustment circuit assembPies, which are typically configured

outside of the plasma region. In this. embodiment, capacitive current is reduced

13
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and a selected degree. of symmetry between. the phase and anti-phase of the coupled

voltages is maintained, thereby providing a:selected potential or.even substantially

ground potential. In other.embodiments, th6e.wave adjustment circuits can be used

to selectively increase current (i.e., capacitiyely coupled current) to the plasma.

5 As shown, the wave adjustment circuits are attac hed (e.g.,

connected, coupled, etc.) to ends,of the inductive applicator. Alternatively, each

of these wave adjustment circuits can be attached at an intermediate position away

from the inductivo, application ends. Accordingly, upper and lower tap positions

for respective wave adjustment circuits, can be adjustable. But both the inductive

10 applicator portions below and above each tap position are active.. That is, they-

both can interact With the plasma discharge.

A sensing apparatus can be used to sense plasma voltage and use

automatic tuning of the waye adjustment circuits and any rf matching circuit

between the rf generator and the plasma tr6amefit chamber. This sensing

15 apparatus can maintain the''average AC potenial!at zero.or a selected value relative

to ground or-any other reference value. Tfiis wave adjustment circuit provides for

a selected potential difference between the plasma source and chamber bodies.

These chamber b6dies may be at a ground Potential'or a potential supplied by

another bias supply, e.g., See Fig. 1 reference n umeral 35.' Examples of wave

20 adj.ustment'circuits are described by way of,the Figs. below.

For instance, Figs. 2A to 2E' are simplified. configurations using the

wave adjustment circuits according to the present invention. These simplified

configurations should not limit the,scope of'the claims. herein. In an embodiment,

these wave adjustment circuits employ substantially equal circuit elements (e.g.,

25- inductors, capacitors, transmission line sections, and others) such that the electrical

length of the wave adjustment circuits in series With the inductive applicator

coupling power to the plasma is substantially' an 'Integral multiple of one

wavelength. In other embodiments, the circuit elements provide for inductive

applicators at other wavelength multiples, e.,g., one-sixteenth-wave, one-eighth-

30 wave, quarter-waVel, half-wave, three-quarter wave, etc. -In these embodiments

(e.g., full-wave multiple, half-wave, quarter-wave, etc.), the phase and anti-phase
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relationship between the plasma potentials subbstantially cancel each other. In

further embodiments, the wave adjustment i6ircuits employ circuit elements that

provide plasma applicators with phase andliandt-phase potential relationships that do

not cancel each o1her. out using a variety of! wave length portions.

5 Fig. 2A. is a simplified illustration; of an embodiment 50 using wave

adjustment circuits according to the present inven tion.- This embodiment 50

includes a discharge tube 52, an inductive applicator 55, an exterior shield 54,. an

upper wave adjustment circuit 57, a, lower wave adjustment circuit 59, an rf power

supplyf61, and other elements. The upper wave adjustment circuit 57 is a helical

10 coil transmission line portion 69, outside of the plasma source region 60. Lower

wave adjustment circuit 59 also is a helical'.coil transmission line portion 67

outside 'of the plasma source region 60.- Thelpower -supply 61 is attached 65 to'

this lower helical coil portion 67, and is gro:unded 63.' Each of the wave

adjustment circuits also are shielded 66, 691.

15 In ihis embodiment, the wave adjuIstmetcrusaeadsedo

provide substantially 'zero AC voltage at onepoint on the inductive coil (refer to

point 00 in Fig. 2A). This embodiment also provides, substantially -equal phase 70

and anti-phase 71 voltage. distributions in directions about this point (refer to 00-A

and 00-C in Fig. 2A) and provides 'substantially equal capacitance coupling to the

20 plasma from physical inductor elements (00-C) and (00-A), carrying the phase and

anti-pha:.se potentials. Voltage distributions':00-A and 00-C are combined with C-D.

and A-B (shown by the phantom lines) would substantially comprise a full-wave

voltage distribution in this 'embodiment where -thel desired configuration is a

selected'phase/antiphase portion of 'a full-Wave inductor (or helical resonator)

25 surrounding the plasma source discharge tu!be..

In this embodiment, it is desilrable! to reduce or minimize capacitive.

coupling current from the'inductive element to the plasma discharge in the plasma

source.' Since the capacitive current increases monotonically with the magnitude of

the difference of peak phase and anti-phase voltages, which occur at points A and

30 C in Fig. 2A, this coupling can be lessened by' reducing this voltage- difference. In

Fig. 2A, for example, it is achieved by way. of two wave adjustment circuits 57,
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59. Coil 55 (or discharge'source) is a helical resonator and the wave adjustment

circuits 57, 59 are helical resonators.

The discharge source helical, resonator 53 can be constructed using

conventional design formulae. Generally, this helical resonator includes an

5 electrical length which is a'selected phase portion 'Y' (A to 00 to C) of a full-

wave helical resonator. The helical resonator wave adjustment circuits are each

selected3 to comprise a portion (27-x)'o full-wave helical resonators. Physical

parameters for the wave adjustment helical ieson ators can be selected-to realize

practical physical,'dimensions and appropria'te, Q, Z etc values. In particular,

10 some or,even all of the transmission line parameters (Q.,ZO,, etc.) of the wave

adjustment circuit sections may be selected! to be substantially the same as the

transmission line parameters of the inductive -applicator. The portion of the

inductive plasma applicator helical resonator, on,the other hand, is designed and

sized to provide selected uniformity values.' Over 'substrate dimensions within an

15 economical equipment size'and reduced Q,
The wave adjustment: citcuitt Provides for external rf 'power

coupling, which can be used to control andi'match power to the plasma source, as

compared to conventional techniques use d in'helical resonators and the like. In

particular, conventional techniques. often match to, couple power to, or match to

20 the impedance of ,the power supply to the helical: resonator by varying a tap

position along the coil above the grounded position, or selecting a fixed tap

position, relative to a grounded coil end and hnatching to the impedance at this

position: using a conventional matching network,;'e.g., LC network, 7r network,

etc. Varying this tap position along the coil within a plasma source is often

25 cumbersome and generally imposes a difficlIt mechanical design problems. Using

the fixed tap and external matching network also is cumbersome-and can cause

unanticipated changes in the dischargel'Q, and. therefore influences its operating

mode and stability. In the present embodiments,' the wave adjustment circuits can

be positioned outside of the plasma source (or constrained in space containing the

30 'inductive coil, e.g., See Fig. 2A.' Accordifigly,'!the mechanical design (e.g.,

means'for varying tap position, change in the effective rf power coupling point by
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electrical means, etc.) of the tap position. ar .,simplified relative to those

conventional techniques.

In the presen~t embodiment", rf.pwri fed into the lower wave

adjustment -circuit 59. Alternatively, rf power. can be fed into the upper wave
5adjustment circuit (o hw) h rf po,'wJet also can be;coupled directly into the

inductive plasma coupling -Applicator (e.g., coil, Otc,.) in the- wave adjustment

circuit design, as:illustrated by-,Fig. 2B. Alternatively, other application will use a

single wave adjustment circuit, as illustrated-by Fig. 2G. Power can be coupled

into this wave adjustment circuit or by conventional techniques such as a tap in the

10 coil phase. In some embodiments, thi tap in the coil phase is positioned above the.

grounded end. An external -impedance matching network may then be operably

coupled;:to the power for satisfactory powertransfer efficiency from, for example,

a conventional -coaxial cable to impedances'(current to voltage rations) existing

between the wave adjustment circuit t6rmiint6d end of the applicator.,

15 A further e mbodiment usinlg ;mhultiple inductive plasma applicators

also is provided, As showni'in Fig. 2D. This 'embodiment includes multiple plasma

Applicat:ors (PA11,P2'. . PAn). 'These plasma aplicators'rsetvl rvd

selected'combinations of i nductively coupled power. and capacitively coupled power

from respective voltage potentials (Vi, V2' . Vn). Each of these plasma

20 applicators derives power from its Power source (PS 1, PS2 ... PSn) either directly

through 'an appropriate matching or coupli ng 'network or by coupling to a wave

adjustment circuit as described. Alternativ.ely, a,single power supply using,power

splitters'and impedance matching networks can be coupled to each (or more than

two)-of'the plasma applicators. Alternatively, more than one power supply can be

25 used where at least one power supply, is shared Among more, than one plasma

applicator. Each 'power source is coupled to6its respective wave adjustment

circuits'(WAGC1, WAG2... .WAGn).

Generally, each plasma applicator:has an upper wave adjustment

circuit (e.g., WAG la, WAG 2... .WAGna), and a lower. wave adjustment circuit

30 (e.g., WAG1b, WAGC2b...WAGnb). The, combination of -upper and lower wave

adj.ustment circuits are used to adjust the plasma source potential for each plasma
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source. zone. Alternatively, a single wave 'adj ustment circuit can be used for each

plasma applicator. Each wave -adjustment circuit can provide substantially the

same impedance characteristics, or substantially distinct impedance characteristics.

Of course, the particular configuration used:will depend upon the application.

5 For instance., multiple plasmA:applicators can be used.to employ

distinct excitation frequencies for selected zones. in a variety of applications.

These applications include film depositionusigpamenncdhmcl

deposition, etching by way of ion enhanced: etching or chemical dry etching and

others. Plasma cleaning also can be performed by way, of the multiple plasma

10 applicators. Specifically, at least one of the6 plasma applicators will define a

cleaning plasma used for cleaning p urposes. In 'one embodiment, this cleaning

plasma can have an oxygen, containing species. T1his cleaning plasma is defined by

using an- oxygen discharge!, which is sustainhed by microwave power to -a cavity or

resonant microwave chamber abutting or surrfounding a conventional dielectric

15 vessel. :Of course, -a variety of other processes also can be performed by, way of

this multiple plasma applicator.embodi'ment.

This present: application using 'multiple plasma applicators can

provide a multi-zone (or *multi-chamber) plasma'source without the use of

conventional mechanical separation means (e. g.,'baffles, separate process

20 chambers, etc.). 'Alternatively, the degree,'.of interaction between adjacent zones or

chambers can be 'relaxed owing to the use of .voltage potential control via wave

adjustment circuits. This plasma source provides for multiple plasma source

chambers, each W 'ith -its own control via its own 'plasma applicator. Accordingly,

each plasma appli cator provides a physical zone region (i.e., plasma source) with

25 selected.plasma characteristics.(e.g., capaciively coupled current, inductively

coupled current, etc..). These zones can b6'used alone or can be combined with

other-zones. Of course, the particular configuration will depend upon the

application.'

In the present embodiments,' the wave adjustment circuit 'can be

30 made from any suitable combination of eleMent(s) such as various types of

transmission lines, circuits, etc. These. trar,sniss'ion lines include conventional
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solid or -air dielectric coaxial. cable, or ordinary,, repeating* inductor/capacitor

discrete; approximations to transmission linesg, and others., These types.of

transmission lines are co-axial transmissio Alipnes. balanced parallel transmission

lines, so called slow wave transmission lineswith a spiral inner conductor (e.g..,

5 selected -portions of a helical resonator, etc), and others. Individual lumped,

fixed, or adjustable combinations of resistor;s, capacitors, and inductors (e.g.,

matching networks, etc.) also can be used in'place of transmission line sections for

the wave adjustment circuit. These general types of wave adjustment circuits are

frequency dependent, and can be termed frequency dependent wave adjustment

10 circuits (or FDWACs).

Frequency independent elemeimis also can be'used as the wave

adjustment- circuits. These' wave adjustmenitcircuits can be termed frequency

independent WACs (or FIWACs). -Frequency in dependent wave adjustment

circuits include degenerate: cases such as shot-circuit connections to ground or an

15 infinite impedance (i.e., open circuit), and. others. Frequency independent wave

adjustment circuits can be used alone, or in,: combination with the frequency

dependent wave adjustment circuits. Alternatively, the frequency dependent wave

adjustment.circuits can be bsed alone or in combination with other wave

adjustment circuits. Other variations, alternative constructions, and modifications

20 also may be possible depending upon the application.'

With regard'to operation of -the wave adjustment circuits, various'

embodiments can be used, as illustrated by ' Fig. 2E. The wave adjustment circuits

are used to select. a 'wave length portion to, be applied, in the plasma applicator. In

some embodiments, the average rf plasma lpotential is maintained, close to ground

25 potential by providing substantially equal phase 90, 81 and anti-phase 91, 82

capacitively coupled portions of the inductived ap licator. This can occur in multi-

wave embodiments 92, full-wave embodimentis 93, half-wave multip le

embodiments,. quarter-wave multiple embodiments, or-.any other embodiments 94.

Inalternative: embodiments, it is desirable to maintain an elevated

30 source plasma voltage relative to ground potential to induce a controlled ion

plasma flux (or ion bombardment) to the produci~ substrate (or any other chamber
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bodis).Thee ebodmens ae povied y selecting distinct electrical lengths

for each of the wave adjustmentl circuit sections such that the capacitive coupled

current from a phase section of the, inductive plasma applicator is in excess of

capacitive coupled current -from its anti-phase portion. In these embodiments, the

5 wave adjustment circuit provides a deliberate- imbalance between the phase and

anti-phase of the coupled voltages. In some embodiments 97, this occurs by

shiftinig'the zero voltage nodes along the process'chamber axially, thereby

achieving a bias relative to' the plasma disdhiArgeJ~ As shown, the phase 95 is

imbalanced relativ e to its anti-phase 96'. In' other embodiments 99, one phase

10 portion 84 is imbalanced by way of a different period relative to its complementary

phase portion 85.; Other embodiments are p'rovidd where the source plasma

voltage is lower relative to: ground potentia1.P' In the embodiments were imbalance

is desirable, the potential,difference betweenh the:'Phase and anti-phase potential.

portions is reduced (or minimized) When the amount of sputtering (e.g., wall

15 sputtering, etc.) is reduced. The amount of Sputtering, however, can be increased

(or. maximized) b yinhcreasing the potential !difference between the phase and anti-

phase potential portions. Sputtering is desirable 'in, for example, sputtering a

quartz target, cleaning applications,' and others. Of course, the type of operation

used will depend upon'the. application.

20 Current maxima.on an inductive applicator with distributed

capacitance (e.g., helical resonator transmigs:sion line, etc.) occur at voltage

minima., In particular, conventional quarter-wave helical resonator current is

substantially at a relative maximum at its grounded end of the coil, and to a lesser'

extend' in the nearby coil elements. Therefore,prilidctv0opigo

25 power, if it occurs, will tend to be at this grounded end. In conventional half-

wave helical resonators, inductive couplingjtends to occur: at each 'of the two

grounded ends.

In the Present invention, substantially anti-symmetric phase and anti-

phase inductive half-wave and other fractional1wave applicator sections support

30 substantially more inductive coupling at a slce rf voltage node, e.g., Fig. 2A

reference numeral 00. This effect is caused'by 6igh current- flow in the inductor
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applicator zones (or sections) both directly' above and below the node

(corresponding to inductor elements in the 'phase and anti-phase sections at and

'immediately adjacent to the rf voltagezerd point). It should be noted that

conventional quarter -and half-wiave inductively coupled inductive applicators have

5 inductive coupling which abruptly declines'below the grounded coil locations

because*the coil terminates'and voltage extrema are present at these locations.

This generally produces conventional quarter,and half-Wave helical resonators that

tend to operate in a capacitive mode, or with. a substantial fraction of power which'

is capacitively coupled to the plasma, unless the plasma is.shielded from'coil

10 voltages, as noted above.

In a specific: embodiment, the. power system includes selected circuit

elements for effective operation. The power 'system includes an rf power source.

This rf power source can be any suitable rfigenerator capable of providing.a

selected' or continuously variable frequenc'y in a range from about 800 kHz to

15 about 80 MHz. Many 'generators are useful.: Preferably, 'generators capable of

ope rating into short and op'en-circuit loads without damage are'used for industrial

applications. One example of a suitable generator is a fixed frequency rf generator

28.12 MHz - 3 kW CX-3000 power supply: made by, Comdel, Inc. of Beverly,

Massachusetts. A suitable variable frequency power supply arrangement capable

20 of the 3 kW output over an 800 kHz to 50 MHz! range can be made by.driving an

IFI Model TCCX3500 High Power Wide Band Amplifier with a Hewlett Packard

HP1I 16A, 0-50 MHz Pulse/Function Generator. -Other generators including those

capable of higher or lower; power also can, be used depending upon the application.

Power from:the generator can be transmitted to the plasma source

25 by conventional coaxial cable transmissioni line. !An example of this transmission

line is:RG8/U and other higher temperatur"erated cable (e.g., RG1151U, etc.) with

a coaxial TEFLON"N dielectric. In some emnbodiments, power is fed to

conventional end-grounded'half-wave'helical,resonators by positioning a movable

tap on the helical coil and 'connecting! a powe r source between the tap and the

30 ground. In other' embodiments, matching networks can be introduced between the

coaxial cable po%ker feed and the helical coil tap ifor flexibility. The matching

21
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network' will depend on the selected wave configuration and wave adju§tmet

circuits., In a balanced half-wave helical resonator embodiment, for example, the

ends of the resonator coil can be term inated. with wave adjustment circuits which

substantially have zero susceptance. In parqidulai, theiwave adjustment circuit is*

5 designed as an open circuit by making no electrical connections to the ends of the

coil, or establishing an electrical equivalence thereof. Alternatively, the ends of

the coil are isolated by chokes series resistance, thereby DC coupled to a fixed

reference potential. Theseltypes.of wave adjustment circuits are frequency

in dependent and are "degenerate" cases. In thifese embodiments, the rf power is

10 provided such that the phase and anti-phase'current flows above and below the

electrical midpoint of the coil. This proviides for substantially balanced phase and

anti-phase current flow from the power source stabilizing desired operation in coil

voltages above the' midpoiAt of the coil, and -also: provides substantially equal phase

and anti-pfiase voltages.

15 The embodiments described Above'also can be applied to other

plasma processing applications, e.g., PECVD, plasma immersion ion implantation

(PI1.1), stripping,! sputtering, etc. For instance, Fig. 3 is a simplified CVD

apparatus 100 according to the present invenhtion. The present CVD apparatus

includes.a chamber 112, a feed source 114,, an exhaust 116, a pedestal 118, a

20 power source 122, a -ground 124, a helical' resonator. 126, -and other elements. The

helical resonator 126 has a, coil 132,-an 6uter sie133 n te lmns h

chamber can be any suitable chamber'capable of housing a product 119 such as a

wafer for deposition, and for providing a plasma discharge therein. Preferably,

the chamber is a right circular cylinder chaMber'for providing an uniform plasma

25 species distribution over:.the product. But the chamber can also be configured in

the form. of rectangular right cylinder, a truncated cone, and the like. The

chamber and fixtures are constructed from' aluminum and quartz, and other suitable

materials. The plasma -discharge is derived, from a plasma source- which is

preferably a helical resonator discharge or'other'in'ductive discharge using a wave

30 adjustment circuit or other techniques to selec'ive'ly adjust phase-anti-phase

potentials. The present CVD apparatus proVides for deposition of a dielectric
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material:, e.g., silicon dioxide or the like.

The product,'119 having an upper 'Surface 130 is placed into the

present CVD apparatus for deposition, e.g..1plasma enhanced chemical vapor

deposition (PECVD), and others. Examples: of deposition, materials include a
5 dielectric materialsuhaasicodoxe(iO) a phosphosilicate glass (PSG), a

borophosphosilicate glass (BPSG), a silicon" nitride (iNA), among others.

In one embodiment, the depos ition occurs b y introducing a mixture

comprising organic'silane,'oxygen, and an -inert gas such as helium or argon

according to the present invention. The organic silane can be any suitable organic

10 silicate material such TEOS, HMDS, OMCTS, and the like. Deposition is also

conformal in selected instances. As for the: oxygen, it includes a flow rate of,

about 1 liter/per 'Minute and less. A relative flow rate between the organic silane

such as TEOS. and oxygen ranges from about 1:40 to about 2: 1, and is preferably

less than about 1:2 in certain applications. 'A deposition temperature of the organic.

15 silane-oxygen layer ranges from. about'300 to ab'out 500'0C, and can also be at'

other temperatures. Pressures in the range o:f 1'to 7 Torr are generally used. Of

course, other concentrations, temperatures,':fmaterials, and flow rates can be used

depending upon the particular application.

This chamber also includes a.wav6 adjustment circuit 127. The

20 wave.adjustment Circuit 127 is used to provide a -helical coil operating with'
capacitive couplin'g to selected phase and'anti--phase otgs hsprin17o

the wave adjustment circuit coil also is shielded 140 to prevent rf.from interfering

with the plasma discharge 'or external elements, e.g., equipment, power, etc. The

coil shield 140 is made of a conductive material such as copper, aluminum, or the

25 like. In one embodiment, an operating frequency is selected and the wave

adjustment circuit is adjusted to short circuit'the upper end of the helical applicator

coil to ground 124. This provides a helical coilo~perating at approximately a full-

wave multiple and has substantially equal phase and anti-phase sections. This full-

wave multiple operation provides for balanced capacitance of phase 151 and anti-

30 phase 153 voltages along the coil 132' adjacent to the plasma source. Full-wave

multiple operation reduces or even substaniially eliminates the amount of

   Page 35 of 138



24 16655-003000

capacitively coupled powei from the plasma,'sour:ce to chamber bodies (e.g.,

pedestal, -walls, wafer, etc.) at or close to -grouno potential.'

In the present embodiment", the wave adjustment circuit 127 is a

variable: coil portion 128 of a spiral transmission' line, 'Which is selectively placed

5 outside the outer shiel d 133. Accordingly, W*'hen the W ave adjustment circuit.is

adjusted to become a short,- circuit, the plasma source "sees" only a selected full-

wave multiple comprising substantially equal phase 151 and anti-phase 153 of -the

entire instantaneous AC voltages 134, 135. In this embodiment, stress of the

deposited oxide film is often tensile, which :can be undesirable.

10 Alternatively, the wave adjustment circuit 127 provides a helical

resonator operating at selected phase and! anti-phase voltages that are not full-wave

multiples. This wave adjustment circuit Provides for a selected amount of

capacitive couplin~g from the plasma s ource 'to-the chamber bodies. Stress of the

deposited oxide film in this embodiment can be Made to be zero -or slightly

15 compressive. In 'some embodiments, thel-oxide films can. be deposed with an rf

plasma potential of several, hundred voltsbetween the plasma source and the

substrate to decreAse the tendency of the oxide film to absorb moisture. This can

occur by adjusting the wave adjustment circuit to add in a small section of

transmission line 'outside of the source and correspondingly shortening the

20. applicator coil (by moving: the lower point.at. which the applicator coil is short-

circuited and thereby decreasing the induct &ne of the applicator coil and electrical

length of the helical resonator 126 (e.g.,' spiral* transmission line, etc.) ). Of

course, the selected amount Of capacitive coupling will -depend upon the

application.
25 Fig. 4 is a simplified diagram of a resist stripper according to the

present invention. The present stripping: apparatus includes similar elements as the

previous described CVD apparatus. The present' stripping apparatus includes a

chamber 112, a feed sourc'e 114, an exhau'stl,116', a pedestal, 118, an rf power

source 122, a ground 124, a helical resonator 126, and other elements. The

30 helical resonator 126 inclu8es a coil 132, an0oute r shield 133, a wave adjustment

circuit 400, and other elements. The chamber can be any suitable chamber
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capable'of housing a product 119 such as a'.photoresist coated wafer for stripping,

and fo r providing; a plasma discharge therein. The plasma discharge is derived

from a plasma source,. which is'preferably.a,helical resonator discharge or other

inductive.discharge. using a wave adjustment circuit or other techniques to

5 selectively adjust phase\anti-phase potentials. - The present stripping apparatus

provides for stripping or ashing photoresist; 'e.g., implant hardened, etc. Further

examples of such a stripping apparatus, are! described in the experiments section

below.

In this embodiment, the wave adjustment circuits rely upon open

10 -circuits (i.e., zero susceptance). Power transfer!can be occurred with a balanced

feed such as an inductively-coupled push-pull1 arrangement such as coupled-

inductors. Techn iques for:constructing these'coupled 'nductors'are described in,

for example, "The ARRL Antenna Book,":R.D. :Straw, Editor, The American

Radio Oelay.League, Newington, CT (1994):and "The Radio Handbook," W.

15 Orr, Editor, Engineering Ltd, In diana (1962), which are both hereby incorporated

by reference for all purposes. In one embodiment, a ferrite or powdered iron core

"baluni"*(balanced-unbalanced) toroidal transformer (i.e., broadband tra nsmission

transformer, broadband transformer, etc.) 401 can be used to provide balanced

matching from a conventional unbalanced coaxial transmission line. Techniques

20 for constructing toroidal baluns are described in,: for ex ample, -"Transmission Line

Transformers,"J Sevi ck, 2nd Edition, American Radio Relay League,

Newington, CT (1l990) The toroidal transformer is coupled between the rf power

source 122 and t1le. coil 132'. The midpoint; 406 between the phase 405 and anti-

phase vol1tage on ihe coil -is effectively rf grounded, hence it -may be convenient to

25 directly !ground this midpoint of the inductive application in some -embodiments for

stability. This permits alternate operation in which power may be'coupled into the

inductive applicator (e.g., coil, etc.). with A,,Conventional. unbalanced feed line

tapped on'one side of the center. Push-pull. balanced coupling ignites the plasma

more easily than conventionial unbalanced coil tap matching and generally is easier

30 to adjust in selected applications.

Referring to'the helical' resonator 'embodiments operating at
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substantially equal phase and anti-phase potentials, Fig. 5A is a simplified diagram

200 of an equivalent circuit diagram of so me of them. The diagram is merely, an

illustration and should not'limit the scope 'of the claims herein. The equivalent

circuit diagram includes a plurality of rf power supplies (VI, V2, V3... .) 203,

5 representing for example, a single rf power: source. These power supplies are

connected in parallel'to each other.' One end- of the power supply is operably

coupled'to a ground connection 201. The other end of the power supplies can-be

represented as being connected to a respectiye capacitor (C,, C2, C3... QC~. Each of

these capacitors are connected in parallel to each: other. During this mode of

10 operation, substantially no 'voltage differendce exists between any of.these

capacitors, as they are all connected to each other in parallel.,

Fig. 5B is a simplified diagram of instantaneous AC voltage and

current along a helical resonator coil of Fig. 5A ;where each'end of the inductive

applicator is short circuited. The diagram is merely an illustration and should not

15 limit the scope of, the claims herein. This diagram includes the discharge -tube 213

and an inductive plasma discharge (or plasmad source) 501 therein. As -shown,' the

plasma discharge, includes.an intensified "donut-shaped" glow region 501 that

occupies a limited range (R) of. the discharie, tube 213. The plasma discharge has

an average voltag'e potential (Va..) of substantially zero volt between the ground

20 potential (VG) and the high voltage potential '(VH)-. As can-be seen, the plasma

discharge 501 has capacitively Coupling elemnents to V: and V.. But the average

voltage potential of this plasma discharge is zero. This operation provides for

balanced. capacitance of phase 503 and' anfti-phase 505 voltages along the coil

adjacent to the plasma, thereby substantially preventing capacitively coupling from

25 the plasma source to chamber bodies. As also shown, a current maxima 507 exists

at Vave,9 which corresponds to an inflection point between the phase 503 and. the

anti-phase 505.

In an* alternative operating mode, dim rings of plasma caused by

inductively coupled plasma current are visiblenartpndbto exemsfth

30 inductive application, as illustrated by Fig.'5C. 'This operating mode is generally

for a full-wave 517 inductive coupling coil operated ata* very high power, e.g.,
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maximum power input to the inductive applicator is. often limited by thermal

considerations and breakdo' n. The rings 513, 515 of: current in the plasma

discharge. are simulated by; maximum coil, 6u rrent' areas corresponding to voltage

minima at the top: and bottom shorted ends of the coil. Under, these high power

5 conditions, subordinate current rings are deteptable and some excitation is often

visible in the intermediate 'regions. This exci1tation is partially caused by

capacitively driven currents within the discharge coupled to the voltage maximum

and voltage minimum positions along the inductive applicator.

Alternatively, subordinate inductive, plasma current rings at the top

10 and bottom ends 513 of the resonator do no t appear with limited input power. The

coil current and'inductive flux fall beyond:the ends of the inductive applicator so

that a single inductive ring-515 in the center portion is more stable, provided that

the conductivity of the P18a, is large enough to support a 'Single current ring at a

specified input power.

15 In 'alternative, applications usi:ng high power operation, no secondary
plasma current rings may be desirable.' These, a6plications often have substantially.

minimum internal capacitive coupling. In these applications, the inductive

applicator (e.g., coil) abutting the vacuum:vessel may be sho rtened from a full

wave to. an appropriate length such that only; the'central current maxima exists on

20 the coil abutting the plasma source and the "potential difference between maximum

and minimum voltage on the applicator is §U'bstahitially reduced. The present

application is achieved by stabilizing the desired,lwaveform along the applicator by

appropriate impedance wave adjustment circuits.:

Referring. to' the above embodiments, the present invention provides

25 for processing wi,ih an. inductively coupled plasma in which the plasma potential

from coupling to a phase portion of the inductive applicator is substantially not

offset by capacitive coupling to anti-phase voltages on selective portions to the

inductive coupling element. lConventional:inductive sources (e.g., conventional

helical resonators, etc.),* however, have hitherto been operated in,quarter-wave or

30 half-wave modes,.' These modes provide onlIy phase capacitive coupling to. the

plasma, which raises the plasma potential toward the coil without compensation
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anti-phase coupling. Conventional inductive:sources that are longer than a half-

wave have been generally considered cumbersome and impractical for plasma

reactors. In particular, these inductive sources are -large in size, and have nodes

along the helical coil, which have been believed to create a non-uniform plasma.

5 In order to operate a substantially inductive' plasma in a helical resonator,

conventional inductive sources relied upon shielding the plasma tube from

electrical fields originating on the coil. Shielding occurred, for example, by

inserting a longitudinally split shield betweeniithe coil and plasma tube.

The present invention provid esfor a substantially pure inductively

10 coupled power source. A -benefit of this inductively coupled power as a primary

means to sustain plasma excitation is that electric field lines produced by inductive

coupling are solenoidal (e.g. thiey close on themselves). Since solenoidal electric

field lines have zero divergence, they do not -create or support a scalar potential

field (e.g. a voltage difference) with in'the'plasma volume. Thus, in an ideal case,

15 inductively coupled power ican be tran sferred'into a plasma without no direct

relationship between the pl asma potential and the voltages, on coupling elements

(e.g. the voltage on the coil in a helical reso nator) -or,voltages on rf matching

networks, if such are used.- Furthermore, !when itransferring power to the plasma

by purely inductive means-, power transfer.tdoes not require any significant-

20 potential differenc to be maintained between elements of the plasma and ground

potential .(e.g. the potential difference between the plasma'and ground can be fixed

by factors which are substantially independent of inductive excitation power).

Although in theory, inductive power transfer.dos not-require raising the AC or

DC.potential of the plasma with respect to:grounid, in practice there has been

25 substantial shift and harmful alteration in the plasma potential found in unshielded

current art inductive sources.

As'previously noted, and futhfer -emphasized herein, the most

effective conventional[method employed to -avoid plasma potential shift in

conventional commercially, availableinductive sources -is to shield the plasma from.

30 the electrical fields on the inductive co uplin element (commonly a multi-turn coil)

by inserting a gr6unded conductive membei'between the inductive driving element
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and the plasma di ,scharge tube.. Shielding is,-:'however, cumbersome and

inconvenie nt and, has serious disadvantagesAin practice. Shields couple to inductive

applicator elements and can pause 'wide eixcursions in the natural resonance

frequency, whichWae not p'redicted by conventional design formulae. This often

5 results,in laborioi s trail and error and iterai've mechanical designs to achieve a

desired resonance'.. Another disadvantage of,shielding is that shields often make it
.difficult: to achieve. initial ignition of the plasma. since shields generally exclude

capacitive electric fields in'the:plasma discharge 'tube. In particular, ignition

(known as plasma breakdown) of inductive breakdown generally begins with. a

10 capacitive electric field discharge, which is:stable at lower currents and powers

(See, for example, J. Amorim, H.S. MaciOl And J.P. Sudana, J. Vac. Sci.

Technol:. B9t pp.'362-365,t 1991). Accordingly,] shields tend to block capacitive

electric fields, which induce plasma ignition.

Insertion of the shield, close tol:high voltage RF point in a network

15 (such as the voltage maximum points in a helical resonator or the high potential

driven side of a TI CP coil) !also causes large; displacement currents to flow through

the capacitance between the shield and coil. This high potential difference is also

A p otential cause of damaging rf breakdown4across the'air-1gap, hence the gap may

require protection by inconven ient solid or! liquid dielectric insulation. The

20 displacement current flow causes power loss and requires that higher power RF

generating. equipment be used to compensate: for ithe power loss. Coupling loss in

the plasma source structure is also undesir4ble from the standpoint of thermal
control. These limitations are overcome by.h reetiveto uigte wve

adjustment circuits, an inductive. applicator of selected,phase length, and other

25 elements.

Experiments

To,prove the principle and demonstrate the operation of the present

invention, a helical- resonator plasma.sourc,e was'used in a photoresist stripper.

30 Convenfional helical resonators also were evaluated in these experiments. These

experiments are merely examples,. and(shou'ld not limit the scope of the claims
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herein. 'One of oidinay skill in the art wo uld easily recognize other experiments,

uses, variations, and modifications of the inventions defined by these claims.

L. Conventional Photoresist Stri'pper

5 In this experiment, the, conventional resist stripper was a prototype

made by MC Electronics,. Present assignee. 'Of course, other stripper platforms

also can be used depending upon the application.: A conventional quarter-wave

helical resonator resist stripper 600 was constructed, with a quarter-wave,helical

resonator source 602 upstream of a processing chamber 604, shown in Fig. 6.

10 This quarter-wave helical r esonator 602 included a coil 608 and other elements.'

Coil 608 consisted of 5.15 turns of 0. 4 inch diameter copper tubing

would with a pitch of 0.5 furns per inch'with a mean radius of. 6.4 inches and

centered radially and vertically inside an outrcopr shield 610. Coil 608 is

operably coupled to a power source 612 anid-joperated at about 13 MHz radio

15 frequen6y.. A 17 inch long, 9.25 inch diameter 'quartz tube 606 was centered

inside of the copper coil 608. The'shield 610bwas 16 inches inside diameter,

approximately 0.08 inches -thick and 18 inches long. This shield 610 also was

connected to a ground (VG) connection, on the aluminum process chamber body-

(except when making the current measurements described below).

20 The process- chamber 604 was-Ifor a conventional resist stripper.

This resist stripper included a wafer support 616 (or.pedestal) and other elements.

Process chamfber.'604 is operably. coupled at an outer location 620 to ground via

shield 610. 'Wafer support. 616 has a wafer'618 disposed thereon.

The wafer 618 is a 6-inch (250mm) < 100$ type wafer with

25 approximately 1.25 microns of spin-coated Mitsubishi Kasei positive photoresist

MPR-4000.. This wafer was ashed on the grounded 10 inch diameter wafer

support 616. This support was resistivity heated! and, the temperature of. the

substrate support was sensed with a thermocouple.

After the helical -resonator pl asma was. ignited, visible plasma. filled

30 the quartz plasma tube un der all of the condition is used for processing. In addition,

a strong plasma'glow was always visible-above the wafer in the downstream
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processing chamber which was indicative of secondary plasma discharge to the

substrate support. This secondary plasma discharge was also accompanied by

current flow from the resonator shield to the chamber- of approximately 5-10

Amperes rms (and sometimes even more) Which:could:'be.measuired by elevating

5 'the shield on insulating blocks and monitoring the, current flow through a 2 inch

long 1.5 inch wide strip of copper braid-which was passed through a Pearson

Current.probe used to monitor the current.

Fig. 7 is a simplified diagram. 700, of the rf voltage distribution

along the coil for the quarter-wave helical.resonator of Fig. 6. This diagram

10 includes the quartz tube 606 and a plasma discharge -(or, source) 701 therein. As

shown, the'plasma discharge includes a glowregion that 701 occupies a large

range (R) of the qartz tube 606. The pla" sma discharge has an average.voltage

potential (Vave,) between the ground potentil (V,,) and the high voltage potential

(VH)., As can be seen, the'plasma discharg,. 701, has capacitively coupling

15 elements to VH and VG due to. its average voltage pote*ntialIV,,e- In fact, as

previously noted, the current flow from the& resofiator shield to the chamber was at

least 5-10 Amperes rms. In high power applications, intense sparking was

observed in the chamber from the capacitively coupled- plasma source.

20 11. Present Photoresist Stripper

To prove the principle and operation of the present inventions',

experiments were -performed. These experiments used a photoresist stripper

apparatus. This resist stripper apparatus: in a cluster tool arrangement used a

helical. resonator according to the presentinetos One of ordinary skill in the

25 art, however, would recognize that other inmplementations, modifications, and

variations may be used. Accordingly, the:experiments performed herein are not

intended to limit the -scope'.of the claims below.

The photoresist stripper appartatus'was configured with multiple

process 'chambers' in a cluster tool arrangement, as illustrated by Figs. 8 and 9.

30 Figs. .8.and 9-illustrate a simplified top-view:diagram 800 and a.simplified side-

view diagram, respectively. Two process chambers, e.g.,. chamber 1 901 and
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chambeg 2 903, were used.- Chamber 1 901i was' used;for stripping implant

hardened resist crust (or skin). Chamber 2'903 was'used for stripping the

remaining photoresist. Alternatively, the chambers can be both used for stripping

implant,hardened resist crust and stripping: remaining photoresist. Of course, the

5 particular use depends- upon the application., iThese chambers also were made of

aluminum with ceramic inserts, which isbhighly resistant to chemical attack.

The apparatus also used a microprocessor based controller to

oversee process operations. This microprocessor based controller can -be accessed

through a control panel 921. The present apparatus used a controller made from a

10 486DX processor PC made by EPSON, with: a color LCD touch panel display.

This Controller also is shielded and highly resistant to chemical attack.

An! automatic wafer handli'ng:Isystem 910 was also provided. The

automatic wafer handling system used standard*cassettes 912 for transferring the

photoresist coated wafers to andifrom the proces's chambers 901, 903. The

15 aultomatic wafer handling system inclu ded a robot 917, cassette -chamber 1 905,1
cassette 'chamber 2 907, CAssette stage 1 909, cas'sette stg0 1, n te

elements. The wafer handling system 9101used a conventional interlock system for

providing the cassettes 912 from the *cleanroom-into the process chambers 901,

903. A main shuttle chamb er '913 housed 'the "robot. 917 in the cluster tool

20 -arrangement. The controller oversees the Automatic wafer handling system

operations. The present wafer handing system is' made by JEL Co., LTD of

Japan.

A cooling'plate 915 was included in the main chamber 913 housing

the robot 917. The cooling plate 915 was o!f conventional design, and was capable

25 of cooling the wafer after being stripped, which often occurs at elevated

temperatures. Alternatively, the cooling plate can be used to thermally adjust the

wafer temperature either before, after, or even between selected process

operations.

-The process, chambers 901, 903 were disposed downstream from

30 respective plasma sources, 923, 925. Each* helical resonator included a coil 927

disposed around a quartz tube 929. The'co.il.conisisted of 11.5 turns of 0.4 inch
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copper tubing Wound with a pitch of 0.9 turns per inch with a mean radius of 9.4

inches and centered radially and vertically 'inside'an'outer copper shield 93 1. The

col is operably coupled to a power -source: (not shown). A 17 inch long, 9.25. inch

diameter'quartz tube was centered inside- of I the qpe coil. The shield was 16

5 inches inside diameter, approximately 0.08 inches thick and 18 inches long. The

shield is operably- coupled to a lower portion of the coil.

In one experiment, processes. were used for'stripping photoresist

from wafers, e.g.,See Fig.. 9 reference numeral-933. The processes involved the

use of a multi-step stripping operation to* remove implanted photoresist from

10 semiconductor wafers. Samples were prepared using eight-inch wafers. These

wafers were spin coated with Mitsubishi Kasei positive photoresist MPR-4000.

S.pin coating occurred at 1,9200 rpm and 120. "C for 90 seconds. The resulting

photoresist was about 1.2 mhicrons in thickn ess in the sample wafers. Thes.e.

sample wafers were implanted to form a -irn'1anted hardened resist layer near the

15 top of the photoresist.

An implant resist stripping pro cess; was performed to remove the top

implant hardened resist. this occurred by; stripp ing.using an "un-balanced" phase'

and anti-phase coupling relationship in a half-wave helical resonator. The hal ,f-

wave helical 'resonator was 'configured in one of the process chambers. In thi§

20 chamber, the ped6stal hadia temperature of 'about 4.0.*C to maintain a low wafer.

temperature. This low wafer temperature was maintained. to reduce the possibility

of "popping." -Poppin g occurs 'when vapor in the underlying photoresist,explode,s

through the implant. hardened resist. I

After the top hardened layep'was removed. The wafer was

25 transferred into a chamber' operating at a full-wa ve multiple.. This.chamber

operated at a frequency of about 27.12 MHz*at a full-wave multiple. The pedestal

of this chamber was at 150*to 200 'C. Thefull!'wave structure provided for

balanced phase and anti-phase 'Coupled currentts, thereby reducing the amount of

capacitively coupled plasma, which can be,-8etrimental to the underlying substrate.

30 In this step, overa'shing wAs performed to substantially remove all photoresist

material from the' wafer. No damage occurred to the underlying substrate during
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this overashing step.

Once the photoresist has been stripped, the 'Wafer is cooled. In

particular, the walfer is 'removed from the, fill-wave multiple process chamber, and

placed on the cooJing station." This, cooling; station reduces the -temperature of the

5 wafer (which, was heated)..; This wafer is then reloaded back into its wafer

cassette. Once all wafers have been processed in the cassette, the cassette

comprising the stripped wafers'is removed fromn'the cluster tool apparatus.

Characteristics of 'this half-wave helical resonator were described in detail above.

In the present experiments,: the following tpsts.also Were performed.

10 Test 1: 6-inch Wafers w'ere ashed-At a total pressure of 0. 13 Torr
using a gas flow of 0.2 standard liter per minute of pure'oxygen,
forward- rf p~ower of 2200 watts and a reflected power of 150 watts

* at an excitation frequency of 13.4 Mhz. The substrate was held at
60!C and Wafers were. ashedi andithen the discharge was

15 extinguished). The ashing':rate across the wafer was determined to
vary between approximately 8411 'A/mmn and 3139 A/mmn with the
rat6s approximately, symmetri ci about the center of -each wafer and
the, maximum ashing rate at:the center. The average etching rate
was 3228 A/min and etching uniformity was approximately 4

20 percent.

Test 2: 6-intch wafers were 'Ashed'at a total pressure of 1 Torr using
gas flow of 1 standard liter.pr inte, forward rf power of 2200

watts and a reflected. power 'of .160 watts at an excitation frequency
25* of 13.0 MHz. The substrAt6lWas held at 60 'C and the ashing rate

was determined to'very between approximately 3144 A/mmn and
3748 A/,mmn-depending on position on a wafer. The etching
uniformity was approximately 9 pe rcent.

30 Test 3: Resist coated- wafers wreimlanted with a selected dose of
5 0satoms/m at 40 key: arsenic (As).- The wafers were cleaved

int 1 .samples :approximately. 31 centimeters. square.

Two samples were then ashed on the substrate, support simultaneously, under the

35 various conditions. listed in. Table-1.
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TABLE 1.: Experimental,'Results for Ashing

Run Time(s) Pressure 02 Fwd Refi. rf Temp
(sec.) (Torr.) Flow Pwr Pwr freq. -(C)

_________ ____(SIM)*.. (W.") (W.)- (MHz)___

A 180 0.23 0.5 2,000, 180 13.2 68

B 132 0.06 0.2 2,1i50 180 13.3 90

C 180. 0.13 0.2 :2,200 150 13.3. 60

D. 300: 0.13 0.2 '2,200 150 13.3 40

E(I) 90 0.09 0.1 2,200- 80 13.4 40

I F(II) 150. 0.09 0.1 2,200 80 13.4 40

*sm=stndard liters per minute (or 1000 sccm)~

(I) Unimplanted resist was used in this test and ashing was
terminated before endpoint was reached to test uniformity. The
average ashing rate was. 5259:A/min and uniformity was 7.5 %

(II) Implanted resist was etched for 150 sec, but endpoint was
visible at 100 seconds.

Under conditions.used for Run D, it was determined that resist was cleared from

the entire wafer after 3 minute and'15 seconds. -Consequently, the ashing time in

the table, included approximately 100 sec.. o yeretching. Under conditions where

practical ashing rates were:.attained, a visible plasma discharge and sheath could be

observed over the wafer.

Diagnostic measurements of cu rreht similar, to those performed in

the conventional stripping apparatus were performed. In these measurements,

currents from the shield of'the resonator to the processing chamber gave values of

at about 0. 1 to 0. 5 Amperes rms and, less. These measurements were limited by

error using available instrumentation. Accordingly, these currents were at least

an order of magnitude below those currents measured above in the conventional

stripping apparatus.

A'iulinsp ection of the stripped wafers' shows extremely good
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results;' That is, 'the. wafers were stripped at, a su fficient rate for production
operation and no substantial damaged occurred to the wafers. This provides for

effective wafer turn-around-time and substantially no damage caused by the

plasma. In addition, current measured from the;shield to the chamber by elevating

5 the shield on insulating'blockswas. less than about.0.5'Amperes rms and, in some

instances, at-or below measured error usingavailable instrumentation. This

current 'was substantially less than those measured in the conventional stripping

apparatus.

While the invention has been.described with reference to specific

10 embodiments, various alternatives, modifications., and equivalents may -be used. In

* fact, the invention also can be applied to,almost any type of plasma discharge

apparatus. This discharge!!apparatus can inclIU'dellan apparatus for plasma,

immersion ion implantation or growing diamonds,.TCPs, and others.- This

discharge apparatus can be' used for the ma nufacture of flat panel displays, disks,

15 integrated circuits, diamonas, semiconiductor,materialsi, bearings, raw materials,

*and the like. Therefore, the above description should'not be taken as limiting the

scope of the -invention which is defined by the appended claims.
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WHAT IS CLAIMED IS::;

1. A process for fabricating a product, said process comprising the

steps of subjecting a substrate to entities, at least: one of said 'entities emanating

from a species generated by 'a gaseous discharge excited by a high frequency field
in which the vector sum of phase portion and anti-phase portion of capacitive

current coupled from the inductive -c6upling structure balances.

2. The process of claim 1 -Wherein said product comprises a

semiconductor device.

3. The process of claim 1 wherein said gaseous discharge is

provided by a helical resonator.

4. :The process of claim 1 wherein said gaseous -discharge is
provided by a helical resonator having an electrical lenigth which is substantially a

whole number multiple of'one wavelength.

5. The'process of claim 1 wherein said gaseous discharge is
provided by a helical resonator structure, said helic al resonator structure having an

electrical length which is. substantially fr6efrom any multiple of one quarter

wavelength.

6. The process of claim

provided in ch em,ical vapor deposition.

7. The process of claim

provided in plasma etching.

1 wherei n said one of said entities is

1 wherein said one of said entities i's

8.The process of claim .1 Wherein said inductive coupling structure

is selectively balanced using a wave adjustment circuit.
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9. A process for fabricating a product comprising. the steps of

subjecting a substrate to a composition of entities and employing the resulting

* substrate for completion of said product, atleast;!one of said entities emanating

from a species generated by a gaseous dischiarge,provided by a helical resonator,
5 said helical resonator having an integral current driven by capacitive coupling of

plasma column to elements With a selected potential greater than a surrounding

* shield potential is, substantially equal. to capacitive coupling of the plasma column

to substantially equal elements with a potential below shield potential.

10 10. The process of claim 9 wvherein said helical resonator is

characterized in that. the capacitive current flow from the surrounding coil into the

* plasma column is substantially equal to the, capacitive current from the plasma

column.to the surrounding coil.I

15* 11. The process of claim 9 wherein said helical resonator is in

which the average potential of the plasma column is substantially equal to that of

the shield.

12.: Apparatus for fabricating a prioduct, said apparatus. comprising:

20. an enclosure. comprising an outer surface and an inner surface, said

enclosure housing a gaseous discharge;

a plasma -applicator disposed 'adjacent to said outer surface;

a-high frequency power source,operably coupled to said plasma

applicator, said high frequency power source exciting said gaseous discharge to

25 provide at least one entity from a high frequpency field in which the vector sum of

phase and anti-phase capacitive current coupled from the inductive coupling

structure substantially balances.

*13.. Apparatus of claim 12 wherein said enclosure is a chamber.

30

14. Apparatus of claim 12 wherein said enclosure is a tUbe.
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15.1 Apparatus of claim 14 Whferein said tube is made of a material

quartz, glass, diamond, polymr aphire,- and alumina.selected' from

16.. Apparatus of claim 12 'Wherein said apparatus furthier comprises

a wave adjustment circuit,;said wave adjustmentcircuit operably coupled to said

plasma applicator to.selectively provide balancing of said inductive coupling

structure.

17., Apparatus ofi

chemical vapor deposition.

18. Apparatus of

claim 12. wherein apparatus is provided- for

ClAim Wherein apparatus is provided for plasma.
etching.

19. Apparatus of claim 12 Wherei n said enclosure, -said plasma

applicator, and said high, frequency power so6u'rce define a helical resonator

structure, said helical resonator structure having lan electrical length which is

substantially a whole number 'multiple of one wavelength.

20. Apparatus of claim 12 W''herein said enclosure, said -plasma-

applicator, and said high frequency power:,source define a helical resonator

structure, said helical resonator structure. having an electrical length which is

substantially free from anymultiple 'of one -quarter wavelength.

39 16655-003000
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PROCESS DEPENDING ON PLASMA DISCHARGES SUSTAINED
BY INDUCTIVE COUPLING

ABSTRACT OF THE DISCLOSURE.

A process for fabricating a product 28, 119 . The process

5comprises the steps of subjecting a substrate:to a,composition of entities, at least

one of the entities emanating from a species generated by a gaseous discharge

excited by a high frequency field. in which the vector sum of phase and anti-phase

capacitive coupled voltages from the inductive coupling structure substantially

balances.

10

15

H:\home\ito\work\16655\-3.ap 1
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iSiN -UNITED STATka EARMN OF -COMMERCE
*Patent and Tradem ark office
ifAddress: COMMISSIONER OF PATENTS AND TRADEMARKSf Washington, D.C. 20231

APPLICATION NUMBER FILINGDATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE

CIS/'37, ::1 .:12/ 4. /9 E, FL AIYM M1 6'8L ij.

1\ [:IY1 A RT 1.:E:IETL ZI

DATE MAILED:

NOTICE TO FILE MISSING PARTS OF APPLICATION I/./'

FILING DATE GRANTED

An Application Number and Filing Date have been assigned to this application. However, the items indicated
below are missing. The required items and feesidentified below must be timely b itted ALONG WITH

TH W~1NT OF A SURCHLARGE for items 1 and 3- onyffofr large 'entities or
$.. ~for small entities.who have filed a verified statement claiming such status. The surcharge. is set forth in

37 CFR 1.16(e).

If all required items on this form are filed within the pdriocl9elow, the total amount owed by applicant as a -P-fage
entity, El small entity (verified statement, filed), is

Applicant is given ONE MONTH FROM THE DATE OF THIS LETTER, OR TWO MONTHS FROM THE
FILING DATE of this application, WHICHEVER IS LATER, within which to file all required items and pay any fees
required above to avoid abandonment. Extensions, of time may be obtained by filing a petition accompanied by the
extension fee under the provisions of 37 CFR 1. 136(a).

1. [VKe statutory basic filing'fe [; &151sing El insufficient. Applicant as aErT re entity El small
entity, must submit $ z'Wn --.to complete the basic filing fee.

2. 0- Additional claim fees of$ asa0 large entity, El small entity, including any
required multiple dependent claim fee, are required. Applicant must submit the additional claim
fees -or cancel the additional claims for which'fees are due.

3. 05~1p4~h or declaration:
8{ missing.

El does not cover the newly submitted items.

An oath or declaration in compliance -with 37 CFR 1.63, identifying the application by the above
Application Number and Filing Date is required.

4.0E The.oath or declaration does not identify the application to which it applies. An oath or declaration
in compliance with-37 CFR 1.63, identifying the application by the above Application Number and
Filing Date, is required.

5. El The signature(s) to the oath or declaration is/are: El missing; El by a person other than the inventor
or a person qualified under 37 CFR 1.42,. 1.43, or 1.47. A properly signed oath or declaration in
compliance with 37 CFR 1.63, identifying the application by the above Application Number and
Filing Date, is required.

'6. El The signature of the6fiollowing joint inventor(s) is missing from the oath or declaration:-

_________________An oath -or declaration listing the names' of all inventors and signed by
the omitted inventor(s), identifying this application by the above Application Number and Filing
Date, is required.

7. El The application was filed in.a language other than English. Applicant must file A verified English
translation of the application and a fee of $ under 37 CFR 1.17(k), unless this fee has
already been paid.

8. El A $ processing feeis required since your check was returned. without payment.
(37 CFR 1.21(m)).
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\I hereby certify that this correspondence is being
eposited with the United States PostaL Sdrvice as
jrst cLass maiL in an enveLope addressed to:
A sistant Commiissioner for Patents, PATENT.a3tn: Box'Missing Parts, Washington, D.C. 20231,

~En ~ '-~ '~' ~Attorney Docket No. 16655-000300.

TOWNSEND and TOWNSEND and CREW LLP

By ----

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of:)

Daniel L. Flamm, et al.) Examiner: Unassigned

Serial No.: 08/567,224) Art Unit: Unassigned

Filed: -December 4, 1995) TRANSMITTAL LETTER - RESPONSE
) TO NOTICE OF MISSING PARTS

For: PROCESS DEPENDING ON)
PLASMA DISCHARGES)
SUSTAINED BY INDUCTIVE' )
COUPLING)

Attn: Box Missing Parts
Assistant Commissioner for Patents
Washington, D.C. 20231

Sir:

Pursuant to the Notice to File Missing Parts of Application - Filing Date

Granted dated February 14, 1996,.enclosed are. the following to be made of record in the

above- identified application:.

1) Petition to Extend Time Under 37 CFR §1.136(a)
2) Executed Declaration and Power of Attorney;
3 Copy of Notice of Missing Parts;
4) Postcard.

Please charge Deposit Account No. 20-1430 for the following fees:

(a) Filing Fee (§ 1. 16(a))(Large Entity) $ 750.00

(b) Excess Claims Fees (§ 1. 16(b), (c)):

20 20=0Ox 22. 00= $ 0.00

3-3 = 0 x78.00= 0.00

(c) Missing Parts Surcharge (§1.16(e)) $ 130.00

TOTAL FEES TO BE CHARGED $800880.00
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Daniel L. Flamm, et'al. PATENT,
Serial No.: 08/567,224
Page 2.

The Commissioner is hereby authorized to charge any additional fees

associated with this paper or during -the pendency of this application, or credit any

overpayment to Deposit Account No. 20-1430 for this paper and during the prosecution of

this application. This Transmittal Uetter is submitted in triplicate.

Respectfully submitted,

Dated:_~ \~YU
Richard T. Ogawa
Reg. No. 37,692,)'

TOWNSEND and TOWNSEND and CREW LLP
Two Embarcadero Center, 8th Floor
San Francisco, California 94111-3834
(415) 326-2400
Fax (415) 326-2422,
RTO:de

rto\wotk\1I6655\3-mp. res
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Daniel L. Flamm, et'al.' PATENT
Serial No.: 08/567,224'
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The Commissioner is hereby authorized to charge any additional fees

associated with this paper or during the pendency of this application, or credit any

overpayment to Deposit Account.No. 20-1430 for this paper and during the prosecution of

this application. This Transmittal Letter is submitted in triplicate.

Respectfully submitted,

Dated:______
Richard T. Oga a
Reg. No. 37,692

TOWNSEND and TOWNSEND and CREW LLP'-
Two Embarcadero Center, 8th Floor
San Francisco, California 94111-3834.
(415) 326-2400
Fax (415) 326-2422
RTO: de

rto\work\ 16655\3-mp. res.
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I hereby certify that this-correspondence is being
deposited with the United States Postal Service as
first class mail in an envelope addressed to:
Assistant CommiTissioner for Patents,

\Washington, D.C'. 20231, Box Missing Parts
n7

1JWNSEND and TOWNSEND-and CREW LLP

oBy 4

PATENT

Attorney Docket No. 16655-000300

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of:

Daniel L. Flamm, et al.

Application No.: 08/567,224

Filed: December 4, 1995

For: PROCESS DEPENDING ON
DISCHARGES SUSTAINED
INDUCTIVE COUPLING

PLASMA
BY

)Examiner: Unassigned

)Art Unit: Unassigned

)PETITION TO EXTEND'
)CFR-§ 1.136(a)

Box Missing Parts
Assistant Commissioner for Patents
Washington, D.C. 20231

Sir:

Applicants petition the Assistant Commissioner of Patents to extend the time for

response to.the Notice to File Missing Parts of Application, dated February 14, 1996 for three

months, from March 14,, 1996 to June 14, 1996. An appropriate response to the notice in the form of

a R esponse to Notice of Missing Parts is enclosed herewith.

Please charge $900.00, pursuant to 37 CFR § 1. 17, to the Deposit Account No.

1430. Please charge any additional fees or credit overpayment to the above Deposit Account.

Petition is submitted in triplicate.

Respectfully submitted,

20-

This

Dated: 4LQ
TOWNSEND and TOWNSEND and CREW LLP
Two Embarcadero Center, 8th Floor
San Francisco, California 94111-3834
(415) 326-2400
RT O:de
rto\work\ 16655\3-petexl1. tme

ichard T. Ogaw

Reg. No. 37,692

Cil

TIME UNDER 37
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I hereby certify'that this correspondence is being
deposited with the United States Postal Service as
first class mail, in an enveLope'addressed to:
Assistant Commissioner for Patents, PATENT
Washington, D.C. 20231, Box Missing Parts
on

Attorney Docket No. 16655-000

TOWNSEND and TOWNSEND and CREW LLP

By '&&( 4
IN THE UNITED STATES PATENT-AND TRADEMARK OFFICE

In re'application of:)

Daniel L. Flanmm, et al.) Examiner: Unassigned

Application No.: 08/56.7,224) Art Unit:, Unassigned

Filed: December 4, 1995) PETITI ON TO EXTEND TIME UNDER 37
)CFR § 1. 136(a)

For: PROCESS DEPENDING ON PLASMA )
DISCHARGES SUSTAINED BY)
INDUCTIVE COUPLING)

Box Missing Parts
Assistant Commissioner for Patents
Washington, D.C. 20231

Sir:

Applicants petition the Assistant Commissioner of Patents to. extend the time for

response to the Notice to File Missing Parts of Application, dated February 14,.1996 for three

months, from March 14, 1996 to June 14, 1996. An appropriate response to the notice in-the form of

a Response to. Notice of Missing Parts is enclosed herewith.

Please charge $900.00, pursuant. to 37 CFR § 1. 17, to the Deposit Acc ount No. 20-

1430. Please charge any additional fees or credit overpayment to the above Deposit Account.. This

Petition is submitted in triplicate.

Respectfully submitted,

Dated: /
Lichard T. Ogawa
Reg. No. 37,692

TOWNSEND and TOWNSEND and CREW LLP
Two Embarcadero Center, 8th Floor
San Francisco, California 94111-3834
(415) 326-2400
RTO:de
rto\work\ 16655\3-petex L.tme
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Attorney Docket No. 16655-3

DECLARATION AND POWER OF ATTORNEY

As a below named inventor, I declare that:
My residence, post office address and citizenship are as stated below next to my name; I believe I am the original, first and sole inventor
(if'only one name is listed below) or an original, first and joint inventor (if plural inventors are named below) of the subject matter which
is Claimed and for which a patent is sought on the invention entitled: PROCESS DEPENDING ON PLASMA DISCHARGES
SUSTAIAED BY INDUCTIVE COUPLING the specification of which __ is attached hereto or X was filed on' DecemberA4,
1995 as Application Serial No. 08/567,224 and was amended on_______ (if applicable).

I have reviewed and understand the contents of the above identified specification, including the claims, as amended by any amendment
referred to above. I acknowledge the duty to disclose information which is material to the examination of this application in accor.dance
with Title 37, Code of Federal Regulations, Section 1.56. 1 claim foreign priority benefits under Title 35, United States Code, Section
119 of any foreign applications(s) for patent or inventor's certificate listed below and have also identified below any foreign application
for patent or inventor's certificate having a filing date before that of the application on which priority is claimed.

Prior Foreign Application(s)

CutyApplication No. Date of Filing Priority Claimed
Under 35 USC 119

Yes __ No

Yes __ No__

I clai m.the benefit under Title 35, United States Code, Section 120 of any United States application(s) listed below and, insofar as the
subject matter of each of the claims of this application is not disclosed' in the prior United States application in the manner provided by

* the first paragraph of Title 35, United States Code, Section 112, 1 acknowledge the duty to disclose material information as defined in
Title 37, Code of Federal Regulations, Section 1.56 which occurred between the filing date of the prior application and the national or

* PCT international filing date of this application:

Application Serial No. Date of Filing Status

Patented __Pending __Abandoned

Patented__ Pending Abandoned

POWER OF ATT'ORNEY: As a named inventor, I hereby appoint the following attorney(s) and/or agent(s) to prosecute this application
and transact all business in the Patent and Trademark Office connected therewith.

Richard T. Ogawa, Reg. No. .37.692
William J. Boliler, Reg. No. 31,487
Kenneth R. Allen, Reg. No'. 27 301

Send -Correspondence to: Direct Telephone Calls to:
.~RcAJd .ga- (Name,.Reg. No., Telephone No.)

.To wLqEND_and-TowNSND-vqDeREw--T
.L.wJ~bacaeo ener 8hFloor Name:'Richard T. Ogawai

San Francisco, CA 94111 Reg. No. 37,692
Telephone: 415 326-2400

(Page 1 of.2)
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I further declare that all statements made herein of my own knowledge are true and that all statements made on information and belief
are believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so made
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code, and that such willful false
statements may jeopardize the validity of the application or any patent issuing thereon.

Signature of Inventor 1 Signature of Inventor 2 Signature of Inventor 3

Daniel L. Flamm Georgy Vinogradov Shimao Yoneyama

Date Date -'~/~/9'6 Date

rtowor\ I65S3-cec.oa(Page 2 of 2)

Full Name Last Name First Name Middle Name or Initial
of Inventor 1 Flamm Daniel L

Residence & City State/Foreign Country Country.of Citizenship
Citizenship Walnut Creek California U.S.A.

Post Office Post Office Address City State/Country Zip Code
Address 476 Green View Drive Walnut Creek California 94596

Full Name Last Name First Name Middle Name o r Initial ~
of Inventor 2 Vinogradov' er

Residence & City State/Foreign Country Country of Citizenship
Citizenship Yamanashi/ Japan Russia

Post Office Post Office Address City State/Country Zip Code
Address Dragons Mansion Apt. 306 Yamanashi, 400-01 Japan

5860-5 Ryuchi

Full Name LastNm ist Name Middle Name or Initial
of Inventor 3 -ShiaQ.a

Residence & City State/Foreign Counr Country of Citizenship
Cit izenship Yaaah Japan Japan

Post Office Post Office Address* Cit State/Country Zip Code
Address 5875-4 Ryuchi Yamanashi, 400-01 Japan

__________Futaba-cho, Kitakomagun______________

rto\work\ 16655\3-dec.poa
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I further declare that all statements m ade herein of my own knowledge are true and that all statements made on information and belief
are believed to be true; and further that these statements were' made with the knowledge that willful false statements and the like so made
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code, and that such willful false
statements may jeopardize the validity of the application or any patent issuing thereon.

, f Inventor 1 Signature of Inventor 2 Signature of Inventor 3

Daniel L. Flamm Georav Vinogradov Shimao Yoney.-m-0

Date /17 /~ ( Date .Date

rto\ork 1655\3decpoa(Page 2 of 2)

Full Name Last Name First Name Middle Name or Initial
of Inventor 1 Flamm Daniel .

Residence & City State/Foreign Country Country of Citizenship
Citizenship Wanut Cek California U.S.A.

Post Office Post Office Address' City State/Country Zip Code
Address 476 Green View Drive Walnut Creek. California 94596

Full Name Last Name First Name Middle Name or Initial
of Inventor 2 Vinogradov Georgy ________________

Residence & City State/Foreign Country Country of Citizenship
Citizenship Yamanashi, Japan Russia

Post Office Post Office -Address City State/Country Zip Code
Address Dragons Mansion Apt. 306 Yamanashi, 400-01 Japan

5860-5 Ryuchi
Futaba-cho, Kitakomagun ______________

Full Name Last Name First Name Middle Name or Initial
of Inventor 3 Yoneyama Shimao

Residence & City State/Foreign Country Country of Citizenship
Citizenship Yamanashi Japan Japan

Post Officf. Post Office Address City State/Country Zip Code
Address 5875-4 Ryuchi Yamanashi, 400-01 Japan

Futaba-cho, Kitakomagun ______________

rto\work\ 16655\3-dec.poa
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UNITED ST". 1EPARTMENT OF COMMERCE
'G ~JV ~Patent andfiTraiinark Office

Adess: COMMISSIONER OF PATENTS AND TRADEMARKS
AAD Washington, D.C. 20231

APPLICATION NUMBER FILING DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE

E; fs 2 2 4. 12:1') 4.

TOIWNSEND:IAND T' OWNSEND.. AN[:'URFEWk
',TE(..IA 1RT STREET TOIWR

-3AN F:RANr:I Si'C(C) g 4Ir
DATE MAILED: ( 1 : :

NOTICE TO FILE MISSING PARTS OF APPLICATION 'l/j

FILING.DATE GRANTED .'

An Application Number And Filing Date have been assigned to this application. However, the items indicated.
below are missing. The required items and fees identified below must be timely submitted ALONG WITH

THEP~AJ~NT OF A SURCHLARGE for items 1 and 3-6 only of $4fLor large entities or
$.......L2L..for small entities.who have filed a verified statement claiming such status. The surcharge is set forth in

37 CFR 1.16(e).

If all required items on this form are filed within the pero low, the total amount owed by applicant as aZ1ag
entity, El small entity (verified statement filed), is $ (L"

Applicant is given ONE MONTH FROM THE DATE OF THIS LETTER, OR TWO MONTHS FROM THE
FILING DATE of this application, 'WHICHEVER IS LATER, within which to file all required items and pay any fees
required above to avoid abandonment. Extensions of time may be obtained by filing a petition accompanied by the
extension fee under the provisions of 37 CFR 1. 136(a).

1. " e statutory basic filing fg i[*Lgf':osing Li insu 'fficient. Applicant as aA4iare entity Li small
entity, must submit $ /1~ to'complete the basic filing fee.

2. 0i Additional claim fees of $ _.As,a Li large entity, El small entity, including any
required multiple dependent claim fee, are required. Applicant must submit the additional'claim
fees or cancel the additional claims for which fees are due.

3.5o'ilt.h or declaration:
s missing.

Li does not cover the newly submitted items.

An oath or declaration in compliance with 37 CFR 1.63, identifying the application by the above
Application Number and Filing Date is required.

4.0L The oath or declaration does not identify the application to which it'applies. AnPoath or declaration
in compliance with 37 CFR 1.63, identifying the application by the above Application Number and
Filing Date, is required.

.5..Li- The signature(s) to the oath- or declaration is/are: Li missing; Li by a person other than the inventor
or a person qualified under 37 CFR 1.42, 1.43, or 1. 47. A properly signed oath or declaration in
compliance with 37 CFR 1.63,identifying the application by the above Application Number and
Filing Date, is required.

6.0L The signature of the following joint inventor(s) is missing from the oath or declaration:

___________________An oath or declaration listing the names of all inventors and'signed by
the omitted inventor(s), identifying this application by the above Ap plication Numnber and.filing.
Date, is required.

7. Li The application was filed in a language 'Other than English. Applicant m ust file a verified English
translation of the application and a fee of $ under 37 CFR 1417(k), unless this fee has
already been paid.

8. Li A$ -processing fee is required since your check was returned without payment.
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I hereby certify that this correspondence:is bp,ing.deposited
with the United Stat'e.fO.ostpL Service as 'fir"s*,'6T maiL in
an enveLope addressed 'to: Assistant Commvissioner for Patents,
Washington, D.C. 20231', on_________

By

PATENJ

Attorney Docket No. 16655-000300'

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of:

Daniel L. Flamm, et al.

Serial No.: 08/567,224

Filed: December 4, 1995

For: PROCESS DEPENDING ON
PLASMA DISCHARGES.
SUSTAINED BY'INDUCTIVE
COUPLING

Examiner:Unsge-

POWER TO INSPECT AND MAKE
COPIES

RECEIVED
NOV 08 1996

GROUP I 100

Assistant Comm'issioner for Patents
Washington, D.C. 20231

Sir:

Please permit Annette Masiello and/or Rayline'Pettit to inspect and make

copies of the above-identified patent application.

Respectfully submitted,

Date:II /LS LO)A Richard T. OgaWJ
Reg. No. 37,692

TOWNSEND and TOWNSEND and CREW LLP
Two Embarcadero Center, 8th Floor
San Francisco, California 94111-3834
(415) 326-2400

RTO:de

1665513-power. ins
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PATENT

OEM ATTORNEY DOCKET NO. 07931/003001

* IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applic ant Flamm, Daniel'L. et al. Art Unit.: -+-4I i ocl
Serial No.: 08/567,224 Examiner,: G.-Geuea-u---
Filed : December.4, 1995
Title : PROCESS DEPENDING ON PLASMA,DISCHARGES Y

SUSTAINED BY INDUCTIVE COUPLING

office of Petitions A~

Commissioner of Patents and Trademarks

Washington, DC 20231

PETITION UNDER RULE 182

Petition That Office Accept Revocation and Appointment
By Fewer Than All Applicants or'Owners

Petitioner MC Electronics Co., Ltd.'("1MOE") is assignee

of a fractional interest in the.above-refe renced patent

application by virtue of an assignment from two of'the inventors

Georgy Vinogradov and-Shinao Yoneyama; Daniel L. Flamm ("Flamm")

is the third inventor.. A dispute has arisen between MCE and.its

assignor-inventors, on the one hand, and Flamm on the other hand.

Because of this conflict, Petitioner believes that the present

attorney of record cannot act on behalf of all parties in

interest.

The'dispute arose because Townsend,.Townsend & Crew

("Townsend"), the firm prosecuting the subject application,

origina lly.told MCE that it represented both MOE (and its two

inventoZrs) and Flamm. Townsend has unilaterally changed its mind

andhasrecently told MCE that-it only represents Flamm and is

Date of Deposit IM~rt- 219,f
I hereby certify under 37 CFR 1.8(a) that this correspondence is

being deposited with the United States Postal Service as first clas
niail with sufficient postage on the date indicated above and is

* addressed to the Commissionerof Patentsand Trademarks,
Washington, D.C. 20231.
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unwilling to repres.ent-MCE or,its assignor-inventors in this

application.

Accordingly, Petitioner.respectfully requests that the

prior power of'attorney to Townsend, executed by Mr.-Vinogradov

and Mr. Yoneyama, be revoked and the enclosed new power of

attorney to Fish & Richardson be'substituted under 37 CFR

§3.73(b).'

Petitioner respectfully requests that the Office accept

the'attached papers, which constitute a revocation and,

appointment of power of attorney for fewer than all applicants

and owners, and permit the application to be prosecuted jointly.

Townsend has refused to join in this petition.

Enclosed is a check in.the amount of $130.00 in payment

of the petition fee. Please apply any charges, not covered, or

any credits, to Deposit Account 06-1050'..

Respec y subitted

Date':

For Ge rgy Vinogradov,
Shimao Yoneyama and MC
Electronics Co., Ltd.

Fish & Richardson P.C.
2200 Sand Hill Road, Suite'100
Menlo Park, CAK94025
Telephone: 415/322-5070
Facsimile: 415/854-0875,

52867 . P11
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NOV 2 61996

0 0 UjPATENT,
ATTORNEY DOCKET NO. 07931/001001

INCHE 9 STATES PATENT AND TRADEMARK OFFICE

Applicant,.: Flamm, Daniel L.; Vinogradov, Georgy; and
Yoneyama, Shimao

Serial No.: '08/567,224
Filed :.12/04/95
Title : PROCESS DEPENDING ON PLASMA DISCHARGES

SUSTAINED BY INDUCTIVE COUPLING.

Assistant Commissioner for Patents
Washington, DC 20231

REVOCATION AND NEW POWER OF ATTORNEY UNDER 37 CFR P43_73(h)

The,undersigned, an authorized representative of MC

Electronics CO.'., Ltd'., which has a place of business at 1-45-1,

Suzuki-Cho, Kodaira-,Shi, Tokyo 187, Japan, being assignee of an.

interest.in the patent application identified above', the

assignment being transmitted herewith for recordation, hereby

revokes all powers of attorney previously granted by its

assignors in this application and hereby appoints:*

Roger S. B.orovoy, Reg. No. 20,193
Willi am J. Egan, III, Reg.-No.. 28,411
Reginald J. Suyat, Reg. No. 28,172
Karl Bozicevic,. Reg. No. 28,807
Rene D. Tegtmeyer, Reg. No. 33,567
Hans R. Troesch, Reg. No. 36,750
David Goren, Reg..No. 34,609
Mark D. Kirkland, Reg. No. 40,048
Audrey M. Sugimura, Reg. No. 39,848
Wayne P. Sobon, Reg. No.'32,438

as its attorneys with full power of substitution and revocation

to prosecute this application and to transact'all business 'in the

United States Patent and,Trademark Office connected therewith.

The undersigned has reviewed all the documents in the

chain of title of the patent application identified above and,' to.
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the best of the undersigned's knowledge.-and belief, title as set

forth herein in the assignee as identified above.

The undersigned (whose title is supp lied below) is

empowered to act on behalf of the assignee.

I hereby declare that all statements made herein of'my

own knowledge are true and that all statements made on

information and belief are believed to be true; and further that

these statements were made with the knowledge that willful.false,

statements and the like so made are punishable by fine or

imprisonment,.or both, under Section 1001.of Title 18 of the

United States,Code and that such willful false statements may

Jeopardize the validity of the application or any patents issued

thereon.

Respectfully submitted,

Date: i z
obuak asuo

* President, MC Electronics Co.,
Ltd.

50886. Pl1
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UNITEL. -ATES DEPARTMENT OF COMMERCE
Patent and Trademark Office
ASSISTANT SECRETARY AND COMMISSIONER OF

~ PATENTS AND TRADEMARKS

"ArESof Washington, DC. 20231

Paper-No. 6

RICHARD T. OGAWA
TOWNSEND & TOWNSEND & CREW k.U.) YMIAILD
TWO EMBARCADERO CENTER, 8TH'.FLOOR
SAN FRANCISCO, CA 94111 SP1619

In.re Application of .A WiMe
Daniel L. Flamm et al.
Application'No. 08/567,224. ON PETITION
Filed: December 4, 1995'
For: PROCESS DEPENDING ON PLASMA
DISCHARGES -SUSTAINED BY INDUCTIVE
COUPLING

ihis 'is a decision on the petition filed-November 26, 1996,'under
37 CFR 1.182, requesting acceptance- of a revocation and
appointment of a power of attorney made on behalf of less than
all'the-named inventors.

The petition is granted.

The declaration filed June 6, 1996 was signed by inventors Flamm,
Vinogradov, and Yoneyama, and gave.power of attoney to Ogawa,
Bohler, and Allen of Townsend, Townsend., and Crew LLP (TTC), at
Two Embarcadero Center, 8th,Floor, San Francisco CA 94111 as the
correspondence address of-record.

Petitioner MC Electronics Co, Ltd. (MCE) asserts that MCE is
assignee of a part interest in the instant application by way.of
an'assignment,executed by Vinogradov and Yoneyama. Petitioner
further asserts that TTC has represented to MCE that TTC. will
continue to only represent Flamm, due to a dispute that has
arisen between MCE and Flamm. As such, petitioner requests that
Roger Borovoy et al. of Fish and Richardson be permitted to
represent the interests of MCE by way of Vinogradov, and'
Yoneyama. The petition is accompanied by a revocation and power
of attorney pursuant to 37 CFR 3.73(b), executed on behalf of
MCE.

A copy of the aforementioned assignment of the above-identified
application appears at Reel 8289 Frames 0881 and 0882.

For the reasons.stated above,- it would.be-appropriate to grant.
the relief requested by petitioner.
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Application No. 08/567,224 Page'*2

However, in order to assure that all interests are properly and
effectively represented, all further correspondence to the Patent
and Trademark Office-(PTO) must be signed by petitioner's
representativ .e (Borovoy et.al.) as named in the revocation and
power of attorney submitted by MCE under 37 CPR 3.73(b) and by
coinventor Daniel L. Flammn, or his representative. Each attorney
signing subsequent.papers must indicate whom he.or she
represents.

All parties are reminded.that-dual correspondence is not'
permitted, and- will not be undertaken by the PTO.

The PTO will continue to conduct correspondence with the
attorneys first named in the application,'i.e., Richard T. Ogawa,
William J. Bohler, and Kenneth R. Allen, at the correspondence
address of record noted above, who.will also be responsible for,
coordinating replies or submissions to the PTO. See MPEP 402.10..

This application.is being returned to Group 1100.

Telephone inquiries relative to this decision should be directed

to Michael Phillips at (703) 308-6712.

Abraham Hershkovitz
Director, Office of Pet'itions
Office of the Deputy Assistant Commissioner

for Patent Policy and Projects

cc: ROGER S'. BOROVOY
FISH & RICHARDSON*P.C.
2200'SAND HILL ROAD, SUITE 100,
MENLO PARK, CA,94025.
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PATENT
AMT I DOCKET No..07931/001001.

.IGNMENT aY THE INVENTORS

ASSjGNMENT'

For Cood aMd valuable considerationi, the -receipt of which is hereby acknowledged, the undersigned ASSIGNORS
hereby sell, assign, and transfer' to ASSIGNEE, 14C Electronics Co.,.L,td., a Japanese Corporation, having its
of fices located at 1-45-1, Suzuki-Cho Kodaira-Shi,- Tokyo 187, Japan,, and the successors, assigns and legal
representatives' of- the ASSIGNEE all of their right, title and interest for the United States and its
territorial possessions and. in alI foreign countries in and to, any and all i*rovoments in the invention
entitled:

PROCESS DEPENDING ON PLASKA DISCHARGES SUSTAINED BY INDUCTIVE COUPLING

and which is found in the so-titled U.S. patent application Serial No. 08/567.224 filed on Decermber 4.,1995.

and any legal equivalent thereof in a foreign country, including' the right to claim priority and, in and to,
ail Letters Patent to be obtained for said invention by the above application or in any continuation,
division, continuation- in-part, extension or substitute thereof, and any reissue, reexamination or extension
of said Letters Patent and atll rights under all. International Conventions for the Protection of Industrial
Property.

ASSIGNORS hereby. covenant that no assignmTent, sale, agreement or encumb*rance has been or will be made or
entered into which wou[d conflict with this assigrnent.

Al'SIGNORS further'covenant.that ASSIGNEE wilt, upon'its request, be provided prom'ptly with all pertinent
facts-and documients relating to said invention and said Letters Patent and legaL equivalents as may be known
and accessible to ASSIGNORS and that. ASSIGNORS will testify as to the same. in any-interference, Litigation,

or proceeding relating thereto and will promp~tly execute end deliver to ASSIGNEE or its Legal representative
any and all papers, instruments or affidavits required,to apply for, obtain, maintain., issue or enforce said
application, said invention and said Letters Peteint and said equivalents thereof which may be necessary 'or
desirable to.-carry-out the purposes thereof. An attorney or record, or the attorney filing the' application,
is,authorized'and requested by the execution of this ass;gnment.to insert into this. assignment the execution
date of the apptication and/or the filing date and serial number of the''application when officiaLly known.

ASSIGNORS request the Comissioner of Patents and Trademrks to issue said Letters Patent of the United
states and any reissue.or extension thereof to.the ASSIGNEE.

Executed th is Signature of invent r

'Z j ay *of'
Georgy Vigd

State of California) ss

pe ty kc#nto me OR proved to me on the basis of

satisfactory evidence to be the person whose name is subscribed to the within instrurnent and acknowledged to

me6 that he/she executed the same in his/herindividual capacity.

SUSANXI KEYSER
*ComMn.# 1060531 Signat re of rr/

NOTARY ME -C CALFORM4A
SonImw Wt

My CMM. Expia Mq 3I ' 1

P~AITH'N'T
SL L 28S9 FRj%-*M'T._: 0 8 S1
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PATENT
Al EY DOCKET NO. 07931/001001

>ASSIGNMENT BY YH4E INVENTORS

Executed this.

day of.& ,J / -

State of CaliforniL

Signature of Invento.r

Shimao Yoneyama

)
) ss.

County of San Mateo

on before m'e,
perswtldijwp(e;red Shimeo-yry-,0pro%t to me/ORXproved to me on the basis of sat is
evidence-to be the person whose nmeiis subscribedkI the within Phtrument and acknowl~edged to me th
he/she executed the same in his/her.individal capacity.

sfactory
hat -

witnes7 I hand and off%*i a eat

I- SUSAN I. KEYSER *

aNOTARY PUBLE'.CALFORNUk

MYComm. ExprusMay 31g. 

50905. Pi1I

10/28/1996

1"ATEN-1'
RL,: 8 2 89 F RYvN:0 88 2c ORID E F):
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[7-EALN-UMBEI7jFILING DA'

0 / 67.:.4 12/ c0 4 /

A..

020:350
TO'WNSEND:'AgND: TOWNSENI) (ANI
'T'WCi EMvBA~RCADE:EROiCEN\TER E"
SANI\ FRANC:ISCO C:i IA 'E4. 111

CTE

T hisis a comrnunication from the examiner in charge of your a ppficationi.
COMMIS SIONERHOF PAT 1--NTS A ND'fRADE MARK S

0l This application has 'been examined El Responsive to communication filed on_________E. This action Is made f Inal.

A shortened. statutory period for response to this.Action Is set to,expire month(s), days from the date'of this letter.
Failure to respond within the period for response will cause the7application to become abandoned. 35 U.S.C. 133

Part I THE FOLLOWING ATTACHMENT(S) ARE PART OF THIS ACTION:

1. E Notice of References Cited by Examiner, PTO-892. 2. E Notice re Patent Drawing, PTO-948.
3. E Notice of Art Cited by Applicant, PTO-1449. 4. E Notice of informal Patent Appiication, Form PTO-152.
s. Elinformation'on How to Effect Drawing Changes, PTO-1474. 6 l____________________

Pirtcill SUMMARY OF ACTION

;-0n.
1. . Claims are pending In the application.

Of the above, claims ___________________________ are withdrawn from consideration.',

2.'E Claims, have been cancelled.

3. E Claims are allowed.

4. El Claims are rejected.

5. El claims are objected to.

6. 12'Clalms ________________________________ are subject to restriction or election requirement.

7. E This application has been filed.with Informal drawings under 37 C.F.R. 1.85-which are acceptable for examination purposes.

B. El Formal drawings are required In response to this Office action.

9. E The corrected or substitut e drawings have been received'on____________. Under 37 C.F.R. 1.84 these drawings
are, El acceptable. E not acceptable'(see explanation or Notice re Patent Drawing, PTO-948).

10. E The proposed additional or substitute sheet(s) of drawings, filed on ________ has (have) been E approved by the
examiner. El 'disapproved by the examiner (see explanation).

11. E The proposed drawing correction, filed on, has been E approved. E disapproved (see explanation).

12.E Acknowledgment Is made of the claim for priority under U.S.C. 119. -The,.certifiled copy. has E been received Eliot been received'

Elbeen fliled in parent application, serial no.____________ filed on._____________________

13. El Since this application appears'to be in condition for allowance except for formal matters, prosecut Ion *as to the merits Is closed In
accordance with the practice under Ex parte Quayle, 1935 C.D. 11; 453 O.G. 213.

14. ElOther

EXAMINER'S ACTION
PTOL-326;(Rev. 6-88)'

' UNITED STATES'DEPARTMENT OF COMMERCE'
Patent and Trademark Office

Add ress: COMMISSIONER, OF PATENTS AND TRADEMARKS
Washington. D.C. 20231.

FIRST NAMAEDIKIVENT04R--ATT0Rt-lE.YDOC-1U-1" 'l

r:RFW 1:210t _______EXAMINER 1

L ART UNIT PAPER WRABER

:.2/ 10 /,:)7
DATE MAILED:
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SERIAL NUMBER 08/567,224 2

ART UNIT 1802

1. Restriction to one of the following inventions is required under 35 U.S.C. 121:

1. Claims 1 -11, drawn to a process for fabricating a product, classified in class

216, subclasses 67 and 73.

II. Claims 12-20, drawn to an apparatus for fabricating a product, classified in

class 118, subclass 723R.

2. The inventions are distinct, each from the other because:

inventions I and II are related as process of making and product made. The inventions

are distinct -if either or both of the following can be shown: *(1) that the process as claimed

can be used to make other and materially different product or (2) that the product as claimed

can be made by another and materially different pr oc ess (MKPEP § 806.05(f)). In the instant

case an apparatus for fabricating a product can be made by other: known methods, such as

chemical dry etching or ion-assisted etching.

3. Because these inventions are distinct for the reasons given above and have acquired a

separate status in the art as shown by their different (classifications, restriction for

examination purposes as indicated is proper..

4. Applicant is advised that the response to this requirement to be complete must include

an election of the Invention- to- be examined even though the requirement be traversed (3 7

CFR 1. 143).

5. Applicant is reminded that upon the cancellation of claims to a non-elected'invention,

the inventorship must be.amended in compliance with 37 CFR 1.48(b) if one or more of the

currently named inventors is no longer an inventor of at least one claim remaining in the

application. Any amendment of inventorship must be accompanied..by a diligently-filed

petition under 37 CFR 1.48(b) and by the fee required under 37 CFR 1.17(h)-

6. Any inquiry concerning this communication or earlier communications from the
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SERIAL NUJNMER 08/567,224 .3
ART UNIT .1802

Examiner should be directed to Susan A. Loring whose telephone number is (703)308-3998.

If attempts to reach the examiner by telephone are unsuccessful, the Examiner's

supervisor, James Housel, can be -reached on- (703) 3 08-4027. The fax phone number for this

Group i.s (703) 308-4242.

Communications via Internet e-mail regarding this application, other than those under

35 U.S.C. 132 or which otherwise require a signature, may be used by the applicant and

should be addressed to [jjames.house1@uspto.gov].
All Internet e-mail communications will -be made of record in the application file.*

PTO employees do not engage in Internet communications where there exists a possibility that

sensitive information could be identified or exchanged unless the record includes a properly

signed express waiver of the confidentiality requirements of 35 U.S.C. 122. This is more

clearly set forth, in the Interim Intemnet-tUsage- Policy published in the Official Gazette of the

Patent and Trademark on February 25,, 1997 at 1195 OG 89.

Any inquiry of a general, nature. or relating to the status of this application or

proceeding should be directed to the Group receptionist whose telephone number is (703)

308-0196.

SUSAN A. LRN
PRIMARY EXAMINER

GROUP 1800

December 9, 1997
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Attachment

The drawings submitted with this application were declared
informal by the applicant. Accordingly they have not been.
reviewed by a draftsperson at this time.. When formal
drawings.are submitted, the draftsperson will perform a
reviewS

Directa~ny inquires concerning drawing
Review Branch .(703) 30548404.*

review to the Drawing

t~I.
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Transaction History Date___________2,C
Date information retrieved from USPTO Patent

Application Information Retrieval (PAIR)
system records at www.uspto.gov

'"TOF C

I V ~UNITED STATES DEPARTMENT OF COMMERCE.
SPatent and Trademark Office

~J' ~7 Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20231

APPLICATION NUMBER FILING DATE FIRST NAMED APPLICANT ATTORNEY DOCKETNO

EXAMINER

ART UNIT PAPER NUMBER

ii'',

DATE MAILED:

NOTICE OF ABANDONMENT

This application is abandoned in view of:

)K Applicant's failure to timely-file a proper response to the Office letter mailed on. ZA

EJ A response (with a Certificate of Mailing or Transmission of I was received on
_______________which is after the expiration of the period for response (including a total extension of

time of mhonth(s)) which expired on___________

LiA proposed response was received on ,but it does not constitute a proper resp onse to the final
rejection.

(A proper response to a final reje ction consists only of: ajimely filed amendment which places tne application in
condition for allowance; a Notice of Appeal; or the filing of'a continuing. application, under 37 CFR 1.62 (FWC).

0i No response has been received.

LiApplicant's failure to timely pay the required issue fee within.the statutory period of three months from the mailing date
of the Notice of Allowance.

LThe issue fee (with a Certificate of Mailing or Transmission of) was received on_________

LiThe submitted issue fee of $ - is insufficient. The issue fee required by 37.CFR 1.18.is $

Li The issue fee has not been received.

F-1 Applicant's failure to timely file new formal drawings as required in the Notice of Allowability.

El Proposed, new formal drawings (with.a Certificate of Mailing or Transmission of) were
received on___________

l The proposed new formal drawings filed __________ are not acceptable.

Di No proposed new formal drawings have been received.

LiThe express abandonment under 37 CFR 1.62(g) in favor of the FWC application filed on____________

Di The letter of express abandonment which is signed by the attorney or agent'of record, the assignee of the entire
interest, or all of the applicants.

Di The letter of express abandonment which is signed by an attorney or agent (acting in a representative capacity under
37 CFR 1.34(a) upon the filing of a continuing application.

F-1 The decision by the Board of Patent Appeals and Interferences rendered on_________aruLecause the period
for seeking court review of the decision has expired'and there are no allowed claims.

LiThe reason(s) below:
YSUS LO

PRIMARYE R
FORM PTO-1432 (REV. 10.95) GROUP1tMQJj-41

d lylIj
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Transaction History Date /2.. '

Dat inoratin etrieved from USPTO Patent
Application Information Retrieval (PAIR)

system records at www.usptogov

Appeidfaim InvaIR 06511
PON1 w dnwitOf L U L RfaTMTOFCOMMERCE - ~ I

REQUEST FOR ACCESS OF ABANDONED APPLUCATION UNDER 37 CFR 1.14(a)

In re Applction Of

Application Number Fliled

Paper No.
Assistant Commissioner for Patents
Washington, DC 20231

I hereby request access under37 CFR 1.14(a)(3)(1y) to the application Mie record of the above-
Identified ABANDONED application, which is: (CHECK ONE)

()rfr-rdto in United Stats Patent Numbe r j7/ column___

-(B) referred to in an application that Is open to public inspection as set forth In 37 CFR 1.11, i.e.,
Application No. __________ filed __________on. page____ of
paper number

(C)'an application that claims the benefit of the fiflng date of an ap'plication that Is open to public
Inspection,.i.e., Applicaflon No. Ma_____________fld _______or

-(D) -an applicatlon in which the applicant has filed an authorization to lay open thewomrplete
application to the public.

Please direct any correspondence concerning this request to the following address:

SIgnature I

Typed or printed name

Date

FOR PTO USE ONLY.

Approved by:
(Initials)

Unit

Burdemn Hour Statement This form I.sestimetad to take 0.2 hours to complete. Time will very depending yean the needs of the Individual
case. Any comments ont the amount of time you are re(Luired to.comolete this form should be sent to the ChetIfinormation Officer, Patent
end Trademark Office. Washington. OC20231. 00 NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO:
Assistant Commissioner for Patents. Washington. OC 20231.
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File L ntofrmati2rn-11  1
Asfitnt Commftssioer fo:r Pat=
Wasftng=o, OC 2=~1

I12.

Par No.

I hereby requtaccess under 37 CeMM41.4(a)(30)(v) to the ao T!aonre=-= of te'abave-.
IdenaldABANCONED ac ' on wiciftis: (CE-=CNEI

-TA) referred to in U&.ed 'S!tts P tf~umrnar / 2: acumn.

-(8) referred to in an apOcidon that Is coon to cud!; :sc nas rft-= in 37' CFR 1.11.* i.e..
Appczdn No. a________ Ra ________ n cage Of
paper number

(.C; an appcaton d=ia==zatMse cenuefd cf th~e nOfng czw of an acz=cn thzat is open to public
kupecdon. i.e.. Apdcn No.. flea or

-()an appii=dcn in whih te acp!$-=m htn1 ~ac an a =o o a entdie =mpfete
appi~onto the pubuic.

Please dkoct any comspandence =n=miung ti3 requast to th iafcicwmc acenss:
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s7,lnf

Typed or prntme name
7~UE-NLY

6i~

Baumn r4ow SbuannmvTft ton" is sumatec2160to W Lax U-- :ourt to mct@l fs- evu vev ca0erK=a o 0fon xnap n of Mesn*Wgiiu2j
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1. hereby certify that this corr6spoindence is.being deposited with PATENT
the United States Postal Service as first class mail i n an envelope Attorney Docket No.:'016655-000300U
addressed to:US

Assistant Commissioner for Patents,
Washington, D.C. 20231

TOWNSEND and TOWNSEND and CREW LLP

By

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of:
Examiner:

Daniel L. Flamm et al.
Art Unit:

Application No.: 08/567,224
WITHDRAWAL OF

Filed: December 4, 1995 ATTORNEY OR AGENT'UNDER
37 CFR 1.36

For: PROCESS DEPENDING ON PLASMA
DISCHARGES SUSTAINED BY
INDUCTIVE COUJPLING

Assistant Commissioner for Patents
Washington, D.C. 20231

Sir: C

Pursuant to 3 7 CFR § 1. 36,. Townsend and Townsend and Crew LLP, attorneys for applicant

hereby withdraws from. representation relative to the above-identified patent. Please direct all

future correspondence regarding the subj ect patent to applicant at:

Dr. Daniel J. Flamm
476 Green View Drive
Walnut Creek, California 94596

By: 9 ~ ~ ~_

William J. Bohler
Reg. No. 31,487

TOWNSEND and TOWNSEND and CREW LLPflf
Two Embarcadero Center, 8th Floor L
San Francisco, CA 94111-3834
Tel (415) 576-02.00 2
Fax (415) 576-0300
PA 3135594 v1

Xe6l
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PTO/S8168 (09-06)
Approved for use through 3/3112007. 0MB 0651-0031

U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number.

REQUEST FOR ACCESS TO AN ABANDONED APPLICATION UNDER 37 CFR 1.14

Bring completed form to:
File Information Unit, Room 2EO4
2900 Crystal Drive
Arlington, VA 22202-3514

Telephone: (703) 308-2733

In re Application of

Applic 7o Number Filed

Paper No. 12-
I hereby request access under 37 CFR 1.1 4(a)(1 )(Iv) to the application file record of the.above-identified ABANDONED
application, which Is notWIthIn the file jacket of a pending Continued Prosecution Application (CPA) (37 CFR 1.53(d))
and which Is Identified in, or to which a.benefit is claimed, In the following document (as shown in the attachment):

United States Patent Application Publication No. ________ page, _____ line_____

United States Patent Number k.~~p~Jcolumn. line, _______or

WIPO Pub. No._________ page _____line ____

Related Information About Access to Applications Maintained in the Image File
Wrapper System (IFW) and Access to Pending Applications in'General

A member of the public, acting Without a power to inspect, cannot order applications maintained in the IFW system
through the.FlU. If the member of the public- is entitled to a copy of the application file, then the file is made
available through the Public Patent Application Information Retrieval system (Public PAIR) on the USPTO internet
web site (www.uspto.gov). Terminals that allow access to Public PAIR are available in the Public Search Room.
The member of the public may also be entitled to obtain a copy of all or part-of the application file upon payment of
the appropiate fee. Such copies must be purchased through the Office of Public Records upon* payment of the
appropriate fee (37 CFR 1. 19(b)).
For published applications that are still pending, a member of the public may obtain a copy of:

the- file contents; the pending application as originally filed; or any document in the file of the pending
application.

For unpublished apblications that are still pernding:
(1) If the benefit of the pending application is claimed under 35 U.S.C. 1 19(e), 120, 121, or 365 in another

application that has: (a) issued as a U.S. patent, or (b) published as a statutory invention registration, a U.S.
patent application publication, or an international patent application publication in accordance with POT
Article 21(2), a member of the-public may obtain a copy of: the file contents; the pending application as
originally filed; or any document in the file of the pending application.

(2) If the application is incorporated by reference or otherwise identified in a U.S. patent, a statutory invention
registration, a U.S. patent application publication, or an intemnational patent application publication in
accordance'with POT Article 21(2), a member of the public may obtain a copy of the pending application, as
originally filed.

A
Ai gnature

Typed.or printed name.

Registration Number, if applicable

Telephone Number

Date _0%

This collection of information is required by 37 CFR 1.11 and 1.14. The information is required to obtain or retain% t f by the public which is to file (and by the
USOTOIto process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This cMlection is estimated4to take 12 minutes to
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the -amount of time you require to complete this fornm and/or suggestions for reducing this burden, should be sent to the Chief Information Officer,
U.S. Patent and Trademnark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. BRING MO File Information Unit, Room 2EO4, 2900 Crystal Drive, Arlington, Virginia.

If you need assistance in completing the form, call 1-800-P TO-9199 and select option 2.

.............
Ll 4
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United States -Patent [19]

Vinograclov et al.
111] Patent Number:

45] Date of Patent:

5,965,034
Oct. 12, 1999.

[54] HIGH FREQUENCY PLASMA PROCESS
WHEREIN THE PLASMA IS EXECUTED) BY
AN INDUCTIVE STRUCTURE IN WHICH
THE PHASE AND ANTI-PHASE PORTION OF
THE CAPACITIVE CURRENTS BETWEEN
THE INDUCTIVE STRUCTURE AND THI-E
PLASMA ARE BALANCED

[75] Inventors: Georgy Vinogradov; Shlmao
Yoneyama, both of Yamanashi, Japan

[73] Assignee: MC Electronics Co., Ltd., Tokyo,
Japan

[21] Appl. No.: 08/739,037

Filed:

5,241,245 8/1993 ..... a ........... 315/111.41.
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5.,534,231 -7/1996 Savas........;................. 156/ X
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Sevick, J., (1991) "Baluns" in: Transmission Line Trans-
formners, 2nd Edition, The American Radio Relay League,
Connecticut,.pp. 9-1 to 9-3.

Oct. 28, 1996

Related U.S. Application D)ata

[63] Continuation of'applicaLion No. 08/567,224, Dec. 4, 1995,
abandoned.
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[56] References Cited
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Primnary Examiner-Thi Dang
Attorney, Agent, or Firmn-Fish & Richardson P.C.

[57] ABSTRACT

A process for fabricating a product including the steps of
subjecting a substrate to a composition of entities, at least
one of the entities emanating from a species generated by a
plasma excited by a high frequency field provided by an
inductive coupling structure in which the phase, and anti-
phase capacitive currents into the plasma are substantially
balanced.

.20 Claims, 11 Drawing Sheets
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United States Patent [19]

Flamm
[il] Patent Number:
145] D)ate of Patent:

6,017,221
Jan. 25, 2000

[54] PROCESS DEPENDING ON PLASMA
DISCHARGES SUSTAINED BY INDUCTIVE
COUPLING

[76] Inventor: Daniel L. Flamnm, 476 Green View Dr.,
Walnut Creek, Calif. 94596

[21] Appl. No.: 08/866,040

[22] Filed: May 30, 1997

Related U.S. Application Data
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[58] Field of Search ................ 118/50.1; 156/643,
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196.

Primnary Examiner-Laurie Scheiner
Attorney, Agent, or Firm-Townsend and Townsend and
Crew'LLP

[57] ABSTRACT

A process for fabricating a product 28, 119. The process
comprises the steps of subjecting a substrate to a composi-
tion of entities, at least one of the entities emanating from a
species generated by a gaseous. discharge excited by a high
frequency field in which the vector sum of phase and
anti-phase capacitive coupled voltages from the inductive
coupling structure substantially balances.

7 Claims, 13 Drawing Sheets
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PTO/SB/68 (02-10)
Approved for use through 07/31/2012. 0MB 0651-0031

U.S. Patent and Trademark Office;, U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are'required to respond to a collection of information untess it displays a valid 0MB control number.

REQUEST FOR ACCESS TO AN ABANDONED APPLICATION UNDER 37 CFR 1.14

Bring completed form to: I eApiaino
File Information Unit, Suite 3A20
2800 South Randolph Street
Arlington, VA 22206 Application Number Filed

Telephone:.(0 L\9~ ____________________________________

A ppPaper No.

t hereby request'access under 37 CFR 1.14(a)(1)(iv) to the application file record of the above-identified ABANDONED
application, whi h.is not withi,n the file jacket of a pending Continued Prosecution Application (CPA) (37 CFR 1.53(d)) and
which is identifil~d 'or oWhich a benefit is claimed, in the following document. (as shown in the attachment):

United States Patent Application Publication No.. page, _____ line ______

United States Patent Number K O column _ _ _ line, _ _ _ _

WIPO Pub.. No. ___________ page ______ line

Related Information About Access to Applications Maintained in the Image File
Wrapper System (IFW) and Access to Pending Applications in General

A member of the public, acting-without a power to inspect,.cannot order applications maintained in the IFW'system through
the FlU. If the member of the public is entitled to a copy 'of the application file,- then the' file is made available through the
Public Patent Application Information Retrieval.system (Public PAIR) on the USPTO internet web site (w'ww.uspto.gov).
Terminals that allow access*to Public PAIR are available in the Public Search Room. The member of the public may also
be entitled to obtain a copy of all or part of the application file upon payment of the appropriate. fee. Such copies must be
purchased through the Office of Public Records upon payment of the appropriate fee (37 CFR 1.19(b)).
For published applications that are still pending, a member of th public may obtain a copy of:

the file contents;, the pending application as originally filed; or any document in the file of the pending application.
For unpublished'applications that are still pending:

(1) If the benefit of the pending application is claimed under 35 U.S.C. 119(e.), 120, 121, or 365 in another. application
that has: (a) issued as a.U.S. patent, or (b) published as a statutory invention registration, a U.S. patent
application publication, or an international patent application publication in accordance with POT Article 21(2), a
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