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DEPENDI VA DISCHA TAINED
BY INDUCTIVE COUPLIN

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
applicaﬁility. 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 mainufacturihg processes. Examples of plasma pmcessing
techniques occur in chemical dry etching (CDE), ion-assisted etching (IAE), and
plasma enhanced chemical 'vapor deposition (PECVD), including remote plasma
deposition (RPCVD) and ion-assisted plasma enhanced chemical vapor deposition
(IAPECVD). These plasma procéssing techniques often rely upon radio frequency

20 power (rf) supplied to an inductive coil for providing power to gas phase species in
forming a plasma. ' ] i

Plasmas can be used to form neutral species (i.e., uncharged) for
purposes of removing or forming ﬁln:ns in the manufacture of integrated circuit
devices. For instance, chemical dry ‘etching genémlly depends on gas-surface

25 reactions involving these neutral species wil!hout substantial ion bombardment.

In other mahufacturing processes, ion bombardment to substrate
surfaces is often.undesirable. This ion bomﬁardment, however, is known to have
harmful effects on properties of material layérs 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 environm_em into substrate material layers,

harmful changes in substrate morphology (é.g. amophotization), etc.
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Ion assisted etching processes’l 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
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
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 examﬁle of the conventional photoresist
stripper is a quarter-wave helical resonator Stripper, which is described by U.S.
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
techniques genei‘a:!!y 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 ulpon shields, baffles, large separation
distances between the plasma source and the é:hamher, or the like, placed between
the plasma source and the process chamber. The conventional techniques
generally attempt to directly suppres§ charge density downstream of the plasma
source by interfering with convective and diffusive transport of charged species.
They tend to promote recombination 6f charged species by either increasing the
surface area (e.g.i, bafﬂes,-'etc.) relative to !\r'olume, or increasing flow time, which
relates to increasiing the distance between tﬁe plasma source and the process
chamber.
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These baffles, however, cause loss of desiréble neutral etchant
species as well. The baffles, shields, and alike, also are often cumbersome.
Baffles, shields, or the large separation distances also cause nndesirab]e’
recombinative loss of active species and somelim;es cause radio frequency power
loss and other prciiblems. 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
between the plasma 'source_;and walls of the chamber. It is commonly known that
when initial charged species levels are prcs:ent in an electrical field, the charged
species are accelerated and dissociative collisions 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
process wafer can reach harmful charge density levels. In some cases, these
charge densities may be similar to or even greater than plasma density within the
source plasma region, thereby causing even more ion flux to the substrate.

Charge densities also create ‘a voltage difference between the plasma
source and processing chamber or substrate support, which can have an additional
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 f:e irregularly transported from the
plasma source to process substrates, thereby causing non-uniform ion assisted
etching. : e, |
Cohventionai ion assisted plasma etching, however, often requires
control and maint!enance of ion flux intcnsiiy 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
of the c?i] and the plasfna discharge often cause high and uncontrollable plasma
potentials relative to grourfd. Itis gepemlly'undersmod that voltage difference
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3 i |
between the plasnia and grtlmnd can cause damaging high energy ion bombardment
of articles being processed by the plasma, as 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
coupling to time varying rf excitation. Hence, the energy of charged particles
from' plasma in conventional inductive sources is spread over a relatively wide
range of energies, which nhdesirably tends to introduce uﬁmnuolled variations in
the processing of articles by the plasma.

The voltage difference between the region just outside of a plasma
source and the prbcessing chamber can be modified by introducing internal
conductive shieldés or electrode elements into the éproeessing apparatus downstream
of the source. When the p.'lasma potential is elevated with respect to these shield
electrodes, however, there is a tendency to generate an undesirable capacitive
discharge between the shield and plasma source. These electrode elements are
often a source of contamination and the likelihood for contamination is even
greater when there is capacitive discharge (iﬁn bombardment from capacitive
discharge is a potential source of sputtered material). Contamination is damaging
to the manufacture of integrated circuit devices.

Another limitation is that the shield or electrode elements generally
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 pressuré drops and neutral species recombination. If the holes are made
larger, the plasmé from the source tends to survive transport through the holes and
unwanted downstream charge flux will often result. In addition, undesirable
dischargés 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 interposed between the inductivé‘ power (e.g., coil, etc.) and walls of
the vacuum vessel containing the plasma. A variety limitations with these external
capacitive shielded plasma designs (e.g., helical resonator, inductive discharge,
etc.) have been observed. 'In particular, th% éapz}citively 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
capacitive coupling to the coil, and henoe are prone to create uncontrolled parasitic
plasma 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
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 from the excitation coil into internal or
capacitive shields and thesé currents are an additional source of undesirable power
loss and heating. Conventional capacitive i.;hielding in helical resonator discharges
utilized a shield which was substantially split along the long axis of the resonator
to lessen eddy current loss. However, such Ia shield 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 currently known for resonators which are "loaded" with a shield
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 composition and other variables. In many cases, it
is desired to have the plasma potential be sﬁhsmﬁtially at ground potential (at least
offset from groun_’d polentiél by an amount insigrjiﬁcariﬂy different from the
floating potential or intrinsic DC plasma po?tentia']). 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
panel electronic display), the concentration and potential of charged plasma species
in the reaction zone are desirably reduced tb_avoid charging damage from electron
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i i
or ionic current from the plasma to.the devicé. When there is a substantial
potential difference between plasma in the .souree and grounded surfaceé beyond
the source, there is a tendency for unwanted parasitic plasma discharges to form
outside of the source l;egion.

Another undesirable effect of potential difference is the acceleration
of ions toward grounded surfaces and subsequent impact of the energetic ions with
surfaces. High energy ion bombardment may cause lattice damage to the device
substrate being processed and may cause the chamber wall or other chamber
materials to sputter and contaminate device wafers. In other plasma processing
procedures, however, some ion bombardment may be necessary or desirable, as is
the case particulafly for anisotropic ion-induced plasma etching procedures (for a
discussion of ion-enhanced plasma etching méchanisms See Flamm (Ch. 2,pp.94-
183 in Plasma Etéhing, An Introduction, D, M. Manos and D.L. Flamm, eds.,
Academic Press, 1989)). Consequently, uncontrolled potential differences, such as
that caused by "stray" capﬁcitive coupling from the coil of an inductive plasma
source to the plasma, are undesirable. .

Referring to the above limitations, conventional plasma sources also
have disadvantages when used in conventional plasma enhanced CVD techniques.
These techniques commonly form a reaction of a gas composition in a plasma
discharge. One conventional plasma enhanced technique relies upon ions aiding in
rearranging and stabilizing the film, provided the bombardment from the plasma is
not sufficiently energetic to damage the underlying substrate or the growing film.
Conventional resonators and other types of inductive discharges often produce
parasitic plasma currents from capacitive conplin{g, which often detrimentally
influences film quality, e.g., an inferior film, etc. These parasitic plasma currents
are often uncontrollable, and highly undesirable. These plasma sources also have
disadvantages in other plasma processing tec:liniques such as ion-assisted etching,
and others. Of course, the particular disadvantage will often depend upon the
application, : ok
To clarify certain condepts used in this application, it will be

convenient to introduce these definitions.

Page 16 of 130




10

15

20

25

30

35

40

45

7 16655-003000

Ground (or ground potential): These terms 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
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.
However, some realizations of plasma sources do not incorporate a
shield or surface with adequate electrical susceptance to meet this
definifion. 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
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 definition, ground potential is the potential of
a fictitious surface which is equi-potential with the shield or
"ground” conductor of an unbalanced transmission line connection to
the plasma source at its RF feed point. In designs where the plasma
source is connected to an RFigenerator with a balanced transmission
line RF feed, "ground" potential is the average of the driven feed
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
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 induces motion by electrons and other charged
particles in the plasma and thereby imparts energy to these particles.
RF inductive power source and bias power supply: In most
conventional inductive plasma gource reactors, power is supplied to
an inductive coupling element (the inductive coupling element is
often a multi-turn coil which abuts a dielectric wall containing a gas
where the plasma is ignited at low. pressure) by an rf power
generator. I | R

Conventional Helical Resonator: Conventional helical resonator can
be defined as plasma applicators. These plasma applicators have
been designed and operated in multiple configurations, which were
described in, for example, U.S. Patent No. 4,918,031 in the names
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of Flamm et al., U.S. Patent No. i4.36\85.'{3!92 in the name of
Stejnberg et al., 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
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
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 conventional configuration, a half-
wavelength helical resonator section was employed in which both
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 ,918,031.

1 §

Coiwentiona; Saaon have also been constructed in other
geometrical configurations. For instance, the design of helical
resonators with a shield of square cross section is described in
Zverev et al!, IRE Transactions on Component Parts, pp. 99-110,
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 use of conventional helical resonators in
which the spiral cylindrical coil is entirely deformed into a planar
spiral arrangement with no helical coil component along the
sidewalls of the plasma source (this geometry has often been
referred to as a "transformer coupled plasma,” termed a TCP).

Frc‘lnm the above it is sekn that an improved technique, including a
method and appafa:us, for plasma processirig is often desired.
MM HE INVENTION
The present invcmion provides a technique, including a method and
apparatus, for fabricating a product using a plasma discharge. The present
technique relies upon the control of the instantaneous plasma AC potential to
selectively control a variety of plasma chafaicferisﬁcs. These characteristics
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include the amount of neutral species, the am;ount of charged species, overall
plasma potential, the spatial extent and distribution of plasma density, the
distribution of electrical current, and others,. This technique can be used in
applications including c_herﬁical dry etching :(e.g.; stripping, etc.), ion-enhanced
etching, plasma immersion ion impla.t'itation,' icln*.:mical vapor deposition and
material growth, and others.

In one aspect of the invention, a process for fabricating a product is
provided. These pmducts'inc]ude a varieties of devices (e.g., semiconductor, flat
panel displays, micro-machined structures, gtc.) and materials, e.g., diamonds, raw
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
provides for a technique that is substqntiéilj free from stray or parasitic capacitive
coupling from the plasma source to chamber bodies (e.g., substrate, walls, etc.) at
or near ground potential. )

In another aspect of the invention, another process for fabricating a
product is provided. The process includes Eteps of subjecting a substrate to a
composition of entities. At least one of thel 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 from the inductive
coupling structure is selecﬁve[y ‘maintained. This process provides for a technique
that can selectively control the amount of capacitive coupling to chamber bodies at
or near ground potential. .

A further aspect of tlje-invenﬁon 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 gaiseous discharge t:i::cited b'}j"a high frequency field in which the
vector sum of phﬁse and aﬁti-phase-!capacilifve colupled voltages from the inductive
coupling structuré is selectively ':na.imzn'neal:l.i .A flnrthef step of selectively applying
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a voltage between the at least one of the enﬁﬁes in the plasma source and a
substrate is provided. This process provides for a technique that can selectively
control the amount of capacitive muplmg to chamber bodies at or near ground
potential, and provide for a driving voltage between the entities and a substrate.

Another aspect of the invention provides another process for
fabricating a product. The process comprises steps 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 pmwded by a plasma apphcator e.g., a helical resonator,
inductive coil, transmission line, etc. ‘This plasma applicator has an integral
current driven by"l capacitive coupling of a piéldsma column to elements with a
selected potential greater than a sumundiné shield potential substantially equal to
capacitive coupling of the plasma column to substantially equal eilements with a
potential below shield potehtial. I

In a further aspect, the invenﬁon ﬁro\rides an apparatus for
fabricating a pro:iuct. The apparatus has an encfosure comprising an outer surface
and an inner surface. The enclosure houses a gaseous discharge. The apparatus
also includes a plasma applicator (e.g., helical coil, inductive coil, transmission
line, etc.) disposed adjacerit to the outer surface. A high frequency power source
operably coupled to the plasma applicator is included. The high frequency power
source provides high frequency to excite the'gaseous discharge to provide at least
one entity from a high frequency field in which the vector sum of phase and anti-
phase capacitive current coupled from the mducuve coupling structure is
selecnvely maintained. W
l In émother a@pect the'pres‘ent' invention provides an improved
plasma dlscharge apparams This plasma dnscharge apparatus includes a plasma
source, a plasma applleator (e.g., inductive coil, ‘transmission line, etc.), and other
elements. This p_lasrna applicator provides a de-coupled plasma source. A wave
adjustment circuit (e.g.-, RLC cii*cu_it, coil, Iltransmission line, etc.) is operably
coupled to the plasma applicator. Ihe wa\'re_ adjustment circuit can selectively
adjust phase and anti-phase polaentials of thief ‘Iplasma from an rf power supply. This
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-
rf power supply is operably coupled to the wave 'adjustment circuit.

The present invention achieves these benefits in the context of
known process technology. However, a further understanding of the nature and
advantages of the present invention may be realized by reference to the latter
portions of the specification and attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a simplified diagranfl of a plasma etching apparatus
according to the pre;ent invention;

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 diagrarﬁ’ of 4 stripper according to the present
invention;

Figs. 5A-5C are more detailed simplified diagrams of a helical
resonator according to the present invention; '

Fig. 6 is a conventional quarter-wave helical resonator plasma
etching apparatus with stray plasma which results from the coupling in the
conventional design; ;

Fig:. Tisa 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 ﬁmsent experiments; and

Fig. 9 is a simplified side-view diagram of a stripping apparatus
according to the present experiments. i

DETAILED DESCRIPTION OF THE INVENTION

Fig. 1 is a simplified diagram of a plasma etch apparatus 10
according to the present invention. This etch apbaratus 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 Iﬁay implement the present invention
w1th other treatment chambers and the hke

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

exhaust 16 a pedestal 18, an inductive appllcator 20, a radio frequency (rf) power
source 22 to the lm_iucmre applicator 20, wave adjustment circuits 24, 29 (WACs),
a radio frequency 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
product 28, such as a wafer to be etched, ahd 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’ etc'hed, but t.he chamber also can be
configured in other shapes or geometries, eig., flat ceiling, truncated pyramid,
cylindrical, rectangular, etc. Depending upon thie application, the chamber is
selected to produce a uniform entity density 0\’61‘; the pedestal 18, providing a high
density of entities_: (i.e., etchant species) for'étchi‘ng uniformity.

The present chamber'includes: a dome 25 having an interior surface
26 made of qumi or other suitable materials. The exterior surface of the chamber
is typically a dielectric material such as a ceramic or the like. Chamber 12 also
includes a process kit with a focus ring 32, a cover (not shown), and other
elements. Preferably, the iJlas'ma discharge is derived from the inductively coupled
plasma source that is a de-coupled plasma source (DPS) or a helical resonator,
although other sohrces can be employed. .

The de-ooupled source originates from rf power derived from the
inductive applicator 20. Inductively coupled power is derived from the power
source 22. The rf signal frequencies lrangirig from 800 kHz to 80 MHz can be
provided to the mducmrc appllcalor 20. Pi'eferabiy, the rf signal frequencies range
from 5 MHz to 60 MHz. The inductive apphcatbr (e.g., coil, antenna,
transmission line, etc.) over]ymg the chamher ceiling can be made using a variety
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 focgtion relative to the chamber are
selected to provide a plasma overlying the ;flbedestal to improve etch uniformity.

The plasma discharge (or plasma source) is derived from the
inductive applicator 20 operating at selectedl phase 23 and anti-phase 27 potentials
(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
applicator (or coil adjacent to the plasma). ‘Thisfull-wave multiple operation
reduces or substantially eliminates the amount of; capacitively coupled power from
the plasma source to chamli)ér bodies te. g, §pede§tal, walls, wafer, etc.) at or close
to ground potential. Alternatively, the wavia adjustment circuits 24, 29 provide an
inductive applicator that is effectively made shorter or longer than a full-wave
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 i.n
all of these above embodiments, the phase and anti-phase potentials substantially
cancel each other, thereby providing substantially no capacitively coupled power
from the plasma source to the chamber bodies.

In alternative embodiments, the wa_ive adjustment circuit can be
configured to pro"vide selected phase and anﬁ -phase coupled voltages coupled from
the inductive appllcator to the plasma that do not cancel. This provides a
controlled potennal between the plasma and the chamber bodies, e.g., the
substrate, grounded surfaces, walls, etc. In one tmbod:ment the wave adjustment
circuits can be used to selectively reduce currem (i.e., capacitively coupled
current) to the plasma. This can occur when certain high potential difference
regions of the inductive apphcalor to the plasma 'are positioned (or kept) away
from the plasma region (or inductor—contajﬂing-the-plasma region) by making them
go into the waferladjusnncnt circuit .alssembllies. v?.vhich are typically configured
outside of the plasma region. In this embodiment, capacitive current is reduced
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and a selected degree of symmetry between the phase and anti-phase of the coupled
voltages is maintained, .Lhegeby providing a selected potential or even substantially

ground potential. In other embodiments, thie wave adjustment circuits can be used
to selectively increase current (i.e., capa.citif\'ely coupled current) to the plasma.

As shown, the wave adjustmém ci;t:uits are attached (e.g.,
connected, coupled, etc.) to ends of the inducl.ivt; applicator. Alternatively, each
of these wave adjhstment circuits can be att;lched at an intermediate position away
from the inductivf: application ends. Accordingly, upper and lower tap positions
for respective wave adjustment circuit; canbe adjustable. But both the inductive
applicator port.ioﬁs 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 wave adjustment circuits and any rf matching circuit
between the rf generator and the plasma treatment chamber. This sensing
apparatus can maintain the average AC potéﬁtial ‘at zero or a selected value relative
to ground or any other reference value. This wave adjustment circuit pmwdes for
a selected potential difference bctween the plasma source and chamber bodies.
These chamber bodies may be at a ground potentla.l or a potential supplied by
another bias supply, e.g., See Fig. 1 refereﬁce numeral 35. Examples of wave
adjustment circuits are described by way of the l!:igs. 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 waiwe adjustment circuits employ subsiantially equal circuit elements (e.g.,
inductors, capaclmrs transmission line se:cuons’ and others) such that the electrical
length of the wave adjustment circuits in senes with the inductive applicator
coupling power to the plasma is subs:annally an ;ntegra] multiple of one
wavelength. In other cmbndim’ents ‘the circuit elements provide for inductive
applicators at othér wavelength multiples, e g., one-sixteenth-wave, one-eighth-
wave, quarter—wavc, half-wave, thrw-quartér wave etc. In these embodiments
(e.g., full-wave multiple, half-wave, quarter-wave, etc.), the phase and anti-phase
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further embodiments, the wave adjustment-,.circui_ts employ circuit elements that
provide plasma applicators with phase and :am:-plhase potential relationships that do
not cancel each other out using a variety of \wave length portions.

Fig. 2A is a simplified illustration of an embodiment 50 using wave
adjustment circuits according to the present invention. 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
supply 61, and other elements. The upper wave adjustment circuit 57 is a helical
coil transmission Iiné 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. Th:eprWer supply 61 is attached 65 to
this lower helical ‘coil portion 67, and is grounded 63. Each of the wave
adjustment circuits also are shielded 66, 68.

In this embodiment, the wave"adjuistmem circuits are adjusted to
provide substantially zero AC voltage at one point 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
plasma from physical inductor elements (00-C) and (00-A), carrying the phase and
anti-phase 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 wh'en_: thel: desired configuration is a
selected phasefani_iphase pértion ofa full-wﬁ?.:w)e inductor (or helical resonator)
surrounding the plasma source discharge tube.

In this embodiment, it is desirable! 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
C in Fig. 2A, this cou;ﬁ]ing can be lessened; by reducing this voltage difference. In
Fig. 2A, for example, it is achieved by way 6f 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 formul:ae. Generally, Ithis helical resonator includes an
electrical length which is a selected phase portion "x" (A to 00 to C) of a full-
wave helical resonator. The helical resonai:br wave adjustment circuits are each
selected to comprise a portion (27-x) of fnlll-wave helical resonators. Physical
parameters for the wave adjustment helical resonators can be selected to realize
practical physical-dimensié‘ns and appi_‘opria;e Q, Z,, etc values. In particular,
some or even all of the transmission line parameters (Q, Z,, etc.) of the wave
adjustment circuit sections may be selected to be substantially the same as the
transmission line Iparamewﬁ 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
economical equipment size and reduced Q. © |

The wave adjustment circuit provides for external rf power
coupling, which can be used to control and match power to the plasma source, as
compared to conventional fechniques used in helical resonators and the like. In
particular, conventional techniques often match to, couple power to, or match to
the impedance of the powér supply to the h;a]ica.] 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 matching to the impedance at this
position using a donvenﬁonal matching network, 'e.g., LC network, x network,
etc. Varying this tap position along the coil within a plasma source is often
cumbersome and generally imposes a difﬁél'.ﬂt mechanical design problems. Using
the fixed tap and external matching network also is cumbersome and can cause
unanticipated changes in the discharge'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
inductive coil, e.é., See Fig. 2A. Aécordiflély, ithe mechanical design (e.g.,

means for varying tap position, change in the effective rf power coupling point by
% ! I
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h
electrical means, etc.) of tiile tap po;'.it'ibn.a;_rjé‘ simplified relative to those
conventional technique§. I_i i '

In the present embodiment, ri’ power is fed into the lower wave
adjustment circuit 59. Alternatively, rf power can be fed into the upper wave
adjustment circuit (not shoﬁn). The f poﬁie,r also can be coupled directly into the
inductive plasma i:oupling applicator (e.g., ‘coil, etc.) 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. 2C. Power can be coupled
into this wave adjustment circuit or by con\jgnﬁonal techniques such as a tap in the
coil phase. In some embodiments, this tap in the coil phase is positioned above the
groundeﬁ end. An external impedance mazcé:h‘linginetwork may then be operably
coupled to the power for s'étisfactofy poweri transfer efficiency from, for example,
a conventional coaxial cable to impedances i('curr;ent to voltage rations) existing
between the wa\rcl' adjustment circuit ﬁ:num:'uted énd of the applicator.

A further embodiment iusir:lg multiple inductive plasma applicators
also is provided, as showni'in Fig. 2D. Tlu's ’embodini‘ent includes multiple plasma
applicators {PAl,-! PA2...PAn). These pla.ﬁtina aﬂplicators respectively'provide
selected combinations of i:'lductilvely coupléd power and capacitively coupled power
from respective voltage potentials (V1, V2...Vn). Each of these plasma
applicators derives power from its power source (PS1, PS2...PSn) either directly
through an appropriate matching or coupling network or by coupling to a wave
adjustment circuit as described. Aliemati\fe:ljj#, a single power supply using power
splitters and impedance matching networks can be coupled to each (or more than
two) of the plasma applicators. Altemaﬁvely, more than one power supply can be
used where at lca:st one poi!.ver s_upph)r.is Ishz;md among more than one plasma
applicator. Each 'power source is c'ipupleld' .té;:its ii‘especl'ﬁve wave adjustment
circuits (WAC1, WAC2..WACn). ' |

Generally, each plasma applicator 'has an upper wave adjustment
circuit (e.g., WAC 1a, WAC 2a...WAan;) and a lower wave adjustment circuit
(e.g., WAC1b, WAC 2b...WACnb). The cqmbination of upper and lower wave
adjustment circuits are used to adjust the pllé.-s:ma source potential for each plasma
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source Zone. Alternatively, a single wave ':idjust:ment circuit can be used for each
plasma applimtor: Each wave adjustment circuit can provide substantially the
same impedance characteriﬁtics; or substantially distinct impedance characteristics.
Of course, the particular configuration used :\;.rill depend upon the application.

For instance, multiple plasrﬁa’ applicators can be used to employ
distinct excitation frequencies for selected zones in a variety of applications.
These épplicaﬁons include film deposition ﬁs’ing plasma enhanced chemical
deposition, etching by way of ion enhanced etching or chemical dry etching and
others. Plasma cleaning also can be perfonhed by way of the multiple plasma
applicators. Specifically, at least one of the plasma applicators will define a
cleaning plasma used for cleaning purposes. In one embodiment, this cleaning
plasma can have an oxygen containing species. 'T'his cleaning plasma is defined by
using an oxygen discharge, -;vhich is sustained by microwave power to a cavity or
resonant microwave chamber abutting or surrounding a conventional dielectric
vessel. Of course, a variety of other processes also can be performed by way of
this multiple plasma applicator embodiment.

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
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 circuit‘.s. This plasma source provides for multiple plasma source
chambers, each with its own control via its own gplasma applicator. Accordingly,
each plasma applfcator provides a physical zone region (i.e., plasma source) with
selected plasma characteristics (é.g., capac‘iti{iely’ coupled current, inductively
coupled current, etc.). These mnes can be used alone or can be combined with
other zones. Of course, the particular eonﬂguration will depend upon the
application. i ; Bk E o

In the present embodimems,! the wave adjustment circuit can be
made from any suitable combination of eler'xient(s) such as various types of

transmission lines, circuits, etc. These transmission lines include conventional
| ! 1 i
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solid or -air dielectric coaxial cable, or ordilﬁgry, Tepeating inductor/capacitor
discrete approximations to transmission linp%s, am':l others. These types of
transmission lines are co-axial transmissioﬁ lines, balanced parallel transmission
lines, so called slow wave transmission linc;s.: wiﬂ_; a spiral inner conductor (e.g.,
selected portions of a helical resonator, etc.), and others. Individual lumped,
fixed, or adjusnabie combinations of resistors, capacitors, and inductors (e.g.,
matching networks etc ) also can be used i m place of transmission line sections for
the wave adjustment clrcmt These general types of wave adjustment circuits are
frequency dependent, and can be termed frequency dependent wave adjustment
circuits (or FDWACs).

Frequency independent elements also can be used as the wave
adjustment circuits. These wave adjustmemj: ‘circuits can be termed frequency
independent WACs (or FIWACS). 'Freqt‘:e_‘ﬁéy independent wave adjustment
circuits include degenerate cases such as sﬁoh-cimuit connections to ground or an
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 used alone or in combination with other wave
adjustment circuits. Other variations, alternative. constructions, and modifications
also may be possible depending upon the applimtion.

With regard to operation of the wave adjustment circuits, various
erhbodiments can be used, as illustrated by Fig. 2E. The wave adjustment circuits
are used to select a wave length portion tolbé abi)lied in the plasma applicator. In
some embodiments, the aﬂ:ragc rf plasma i}b’u:ntial is maintained close to ground
potential by providing subsitam.iall)l* el:;'ual phz:is.e 90, 81 and anti-phase 91, 82
capacitively coupled portions of the iliduéti\ire' applicator. This can occur in multi-
wave embodiments 92, full-wave embodiments 93, half-wave multiple
embodiments, quarter—wav@ multiple embodimenis. or any other embodiments 94,

In izltenmtivé embodiments, it is desirable to maintain an elevated
source plasma voltage relative to ground potential to induce a controlled ion
plasma flux (or ién bombardment) to the pfoduci substrate (or any other chamber
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bodies). These eﬁbodime:its are provided by selecting distinct electrical lengths
for each of the wave a.d;iusl::ment circuit sections such that the capacitive coupled
current from a phasc section of the inductive plaéma applicator is in excess of
capacitive coup!ed current from its anti-phase portion. In these embodiments, the
wave adjustment circuit provides a deliberate imbalance between the phase and
anti-phase of the coupled voltages. ‘In some embodiments 97, this occurs by
shifting the zero voltage nodes along the process chamber axially, thereby
achieving a bias relative to the plasma discharge. As shown, the phase 95 is
imbalanced relative to its anti-phase 96. Inipﬁher embodiments 99, one phase
portion 84 is imbalanced by way of a different period relative to its complementary
phase portion 85. Other embodiments are provided where the source plasma
voltage is lower relative to ground piot.ential . In the embodiments were imbalance
is desirable, the potential difference between the ‘phase and anti-phase potential
portions is reduced (or minimized) when the amount of sputtering (e.g., wall
sputtering, etc.) is reduced. The amount of sputtering, however, can be increased
(or maximized) by increasing 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.

' Current maxima on an inductive applicator with distributed -
capacitance (e.g., helical resonator transmission line etc.) occur at voltage
minima. In partlcular, oonvennonal quartcr—wave helical resonator current is
substantially at a relatwe maxsmum at its gmunded end of the coil, and to a lesser
extend in the nearby coil elements Therefore, parual inductive coupling of
power, if it occurs, will tend to be at this groundcd end. In conventional half-
wave helical resonators, inductive ooupliné tends 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 fractional wave applicator sections support
substantially more inductive coupling at a selected rf voltage node, e.g., Fig. 2A
reference numeral 00. This effect is caused by l:ligh 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 voltage zero point). It should be noted that
conventional quarter and half-wave induct.ii\r'eljr coupled inductive applicators have
inductive coupling whieh abruptly dec!inee'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 inl a capacitive mode, or with a substantial fraction of power which
is capacitively coupled to the plasma, unless the plasma is shielded from coil
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 rf' 'generator capable of providing a
selected or continuously variable frequency in a range from about 800 kHz to
about 80 MHz. Many generators are useful,’ Preferably, generators capable of
operating into short and open-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 ‘madé by Comdel, Inc. of Beverly,
Massachusetts. A suitable variable frequency power supply arrangement capable
of the 3 kW outpixt over an 800 kHz to 50 MHzlrange can be made by driving an
IFI Model TCCX3500 High Power Wide Bémd Amplifier with a Hewlett Packard
HP116A, 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
by conventional coaxial cable transmission filrue. 'An example of this transmission
line is RG8/U and other higher temperature rated cable (e.g., RG1151U, etc.) with
a coaxial TEFLON"™ dielectric. In some enibodifnents power is fed to
conventional end—grounded half-wave' hehcal resonators by positioning a movable
tap on the helical coil and' connecting'a power source between the tap and the
ground. In other embodiments, matching n_etworks can be introduced between the
coaxial cable power feed and the helical coil tap for flexibility. The matching
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network will depend on thé selected wave c:oﬁﬁgi.lration and wave adjustment
circuits., In a balanced half-wave helical mwnmor embodiment, for example, the
ends of the resonator coil can be terminated with wave adjustment circuits which
substantially have zero susceptance. In par&i_cular, the wave adjustment circuit is
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. These'types of wave adjustment circuits are frequency
independent and are "dege:yeratc" cases. In :t'hcse embodiments, the rf power is
provided such that the phaée and anti-phase current flows above and below the
electrical midpoint of the coil. This provides for substantially balanced phase and
anti-phase current flow from the power sdui'cc stabilizing desired operation in coil
voltages above the midpoirt of the coil, and ‘also provides substantially equal phase
and antl~phasc voltages. '
'I‘he embodiments described above also can be applied to other

¢t

plasma pmcessmg appllcanons, e.g., PECVD plasma immersion ion implantation
(PIII), stripping, Sputtering, etc. For instance, Fig. 3 is a simplified CVD
apparatus 100 according to the f;resent invention. The present CVD apparatus
includes a chamber 112, a feed source 114, an exhaust 116, a pedestal 118, a
power source 122, a ground 124,. a l;lclicall’ resonator 126, and other elements. The
helical resonator 126 has a coil 132, an outer shield 133, and other elements. The
chamber can be any suitable chamber capable of housing a product 119 such as a
wafer for deposition, and for prowdmg a piasma d:scharge therein. Preferably,
the chamber is a nght clrcu]ar cylinder chamber for pmwdmg an uniform plasma
species distribution over the product. But the chamber can also be confi igured in
the form of rectangular right cylinder, a lrlfn;:atdd 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'é}i’aer inductive discharge using a wave
adjustment circuit or other techniques to seloéé:ively adjust phase-anti-phase
potentials. The present CVD apparatus provides for deposition of a dielectric
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material, e.g., silicon Qioxide or the like.

The product 119 having an upper surface 130 is placed int-o the
present CVD apparatus for deposition, e.g., plasma enhanced chemical vapor
deposition (PECVD), and others. Examplesj of deposition materials include a
dielectric material such as a silicon dioxide (Si0;), a phosphosilicate glass (PSG), a
borophosphosilicaté glass (BPSG), a silicon nitride (Si;N,), among others.

In one embodiment, the deposition occurs by 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
silicate material such TEOS, HMDS, OMCTS, and the like. Deposition is also
conformal in selected instances. As for the'oxyg'en, 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
silane-oxygen layer ranges from about 300 to about 500°C, and can also be at
other temperatures. Pressures in the range of 1 to 7 Torr are generally used. Of
course, other concentrations, temperatures, materials, and flow rates can be used
depending upon the particular application,

This chamber also includes a wave adjustment circuit 127. ' The
wave adjustment circuit 127 is used to provide a helical coil operating with
capacitive mupliﬂg to selected phase and anti-phase voltages. This portion 127 of
the wave adjustmént 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 Esuch as copper, aluminum, or the
like. In one embodiment, an operating fre:qucncy is selected and the wave
adjustment circuit is adjust_pd to short circuit the i:pper end of the helical applicator
coil to ground 124. This provides a helical coil bperating at approximately a full-
wave multiple and has substantially equal phase and anti-phase sections. This full-
wave multiple operation provides for balanced c:;pacilance of phase 151 and anti-
phase 153 voltagés along the coil 132 adjacent 10 the plasma source. Full-wave
multiple operation reduces or even substantially eliminates the amount of
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capacitively coupled power, from the plasma source to chamber bodies (e.g.,
pedestal, walls, wafer, etc.;) at or close to ground potential. '

In the presefll embodiment, the weve adjustment circuit 127 is a
variable coil portion 128 of a spiral transrnillssioniline, ‘which is selectively placed
outside the outer shield 133. Accordingly, :Ewhen_ the wave adjustment circuit is
adjusted to beoonie' a short circuit, the plasma source "sees" only a selected full-
wave multiple comprising éubslantially equal phase 151 and ‘anti-phase 153 of the
entire instantaneous AC vellages 134, 135. In this embodiment, stress of the
deposited oxide film is often tensile, which can be un_desirable.

Alternatively, the wave adjus_tmen} circuit 127 provides a helical
resonator operating at selected phase and: ami_-phase voltages that are not full-wave
multiples. This wave adjuéit'mem circuit pro\iides for a selected amount of
capacitive coupling from the plasma source to the chamber bodies. Stress of the
deposited oxide film in this embodiment can be l‘nade to be zero or slightly
compressive. In some embcndlments the Oxlde ﬁlms can be deposed with an rf
plasma potential of severa.l hundred volts between the plasma source apd 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
applicator coil (by moving the lower point at which the applicator coil is short-
circuited and thereby decreasing the inducui:ﬁ'ee 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. : ' '

Fig. 4isa snnpllf' ied dlagram of a resist stripper according to the
present invention. The present stnppmg apparams mcludes similar elements as the
previous described CVD apparatus. The present stnppmg apparatus includes a
chamber 112, a feed source 114, an exhaust '116I a pedestal 118, an rf power
source 122, a ground 124, a helical resonator 126, and other elements. The
helical resonator 126 mcludes a coil 132, an outer shield 133, a wave adjustment
circuit 400, and other elements. The chamber can be any suitable chamber
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; ' 1)
capable of housing a product 119 such as a photoresist coated wafer for stripping,
and for providingg a plasma discharge therein. The plasma discharge is derived
from a blasma source, which is preferably a helical resonator discharge or other
inductive discharge using a wave adjustment circuit or other techniques to
selectively adjust ppase\anti-phase potentials. The present stripping apparatus
providels for stripping or ashing photoresist, e.g., implant hardened, etc. Further
examples of such a stripping apparatus are described in the éxperiments section
below. !

In this embodiment, the wave adjustment circuits rely upon open
circuits (i.e., z.erq susceptance). Power trahsfer ican be occurred with a balanced
feed such as an inductively-coupled push-pﬁll arrhngement such as coupled
inductors. Technfiqucs for constructing thésc:ool.iplcd inductors are described in,
for example, "Thii: ARRL Antenna Book," R.D. !Straw Editor, The American
Radio Delay League Newmgton, CT (1994) and "The Radio Handbook," W.I.
Orr, Editor, Engineering Ltd, Indiana (1962), whxch are both hereby incorporated
by reference for all purposes. In one embodmlent, a ferrite or powdered iron core
“balun" (balanced-unbalanced) toroidal transformer (i.e., broadband transmission
transformer, broadband transformer, ‘etc.) 401 can be used to provide balanced
matching from a conventional unbalanced coaxial transmission line. Techniques
for constructing toroidal baluns are described in, for example, "Transmission Line
Transformers," J Sevick, 2nd Edition, American Radio Relay League,
Newington, CT (1990) The lormdal transfonner is coupled between the rf power
source 122 and the coil 132. The rmdpomt 406 between the phase 405 and anti-
phase voltage on the coil is effectively rf grounded hence it may be convenient to
directly ground this midpoint of the inductive application in some embodiments for
stability. This permits alternate operation m 'which power may be coupled into the
inductive applicator (e.g., coil, etc.) with a conventional unbalanced feed line
tapped (;n one side of the center. Push-pull balanced coupling ignites the plasma
more easily than conventional unbalanced coil tap matching and generally is easier
to adjust in selected applications. ¢

Referring to the helical msonhﬁor 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 some of them. The diagram is merely an
illustration and should not limit the scope éf the claims herein. The equivalent
circuit diagram includes a plurality of rf power supplies (V,, V,, V,...V,) 203,
representing for example, a single rf pt::ow.erE source. These power supplies are
connected in parallel to each other. Qne 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 respective capacitor (C;, C,, Cs...C,). Each of
these capacitors are connected in parallel to each other. During this mode of
operation, substantially no voltage difference 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 dia'gramlis'merely an illustration and should not
limit the scope of the claims herein. This diagram includes the discharge tube 213
and an inductive plasma discharge (or plasma source) 501 therein. As shown, the
plasma discharge includes an intensified "donut-shaped" glow region 501 that
occupies a limited range (R) of the discharge tube 213. The plasma discharge has
an average volwgc potential (V,,,) of substantially zero volt between the ground
potential (V) and the high voltage potential (Vy). As can be seen, the plasma
discharge 501 has capacitively coupling elements to Vy and V. But the average
voltage potential of this plasma discharge is zero. This operation provides for
balanced capacitance of phﬁse 503 and anti«phasé 505 voltagés along the coil
adjacent to the pl;lasma, thereby substéntiﬁlly pre{renting capacitively coupling from
the plasma source to chami)er bodies. As also shown, a current maxima 507 exists
at V,,,, which corresponds'to an inflection faoint between the phase 503 and the
anti-phase 505. ' _ Lo

In an alternative opel"aﬁng mo&"le dim rings of plasma caused by
inductively ooupI;Fd plasma current are visiﬁle néar top and bottom extremes of the
inductive application, as illustrated by Fig. 5C. 'This operating mode is generally
for a full-wave 517 inductive coupling coil operated at a very high power, e.g.,
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maximum power input to the inductive ap;ilicaxbr is often limited by thermal
considerations and breakdown. The rings 5';13, 515 of current in the plasma
discharge are simulated by"m‘axj,mur'n coil cﬁrrent areas corresponding to voltage
minima at the top and bottom shorted ends of thé coil. Under these high power
conditions, subordinate cutrent rings are de_wptable and some excitation is often
visible in the intermediate :regions. This exc:iltation is partiallly caused by
capacitively driven currents within the discharge coupled to the voltage maximum
and voltage minimuh positions along the inductive applicator.

Alternatively, subordinate inductive plasma current rings at the top
and bottom ends 513 of :hé resonator do not appear with limited input power. The
coil curfent 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 plaﬁm‘a is large 'enohki:l to support a singlé current ring at a
specified input power. i !

' In alternative applications using high power operation, no secondary
plasma current rings may be desirable. These applications often have substantially
minimum internal capacitive coupling. In these applications, the inductive
applicator (e.g., coil) abutting the vacuum vessel may be shortened from a full
wave to an appropriate length such that only the central current maxima exists on
the coil abutting the plasma source and the potential difference between maximum
and minimum \rolllage on the applicator is suBst:_iilLially reduced. The present
application is achieved by stabilizing the desired ‘waveform along the applicator by
appropriate impedance wa\%e adjustment circuits.

Referring to, the above embodiineqts, the present invention provides
for processing with an inductively coupled ﬁ_!asm:a in which the plasma potential
from coupling to a phase p‘ortioﬁ of the indu'pli.ve applicator is substantially not
offset by capacitive coupling to anti-phase voltages on selective portions to the
inductive coupling element. Conventional inducfive sources (e.g., conventional
helical resonators, etc.), hbwever, have hit_llié:rlo Ibeen operated in quarter-wave or
half-wave modes.” These modes provide only phase capacitive coupling to the

plasma, which raises the plasma potenﬁal 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.
In order to operate a substéntially inductive: plasma in a helical resonator,
wnvenﬁonal induciive sources relied upon shielding the plasma tube from
electrical fields originating on the coil. Shielding occurred, for example, by
inserting a longitudirally split shield betwn:.en the coil and plasma tube.

The present invention provides for a substantially pure inductively
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. they 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) within the piasma volume. Thus, in an ideal case,
inductively coupled power can be I.ransferré:d' into a plasma without no direct
relationship between the plasma potential and the voltages on coupling.elements
(e.g. the voltage on the coil in a helical resonator) or voltages on rf matching
networks, if such are used. Furthermore, when itransferring power to the plasma
by purely inductive means, power transfer does not require any significant
potential difference to be maintained between elements of the plasma and ground
potential (e.g. thé potential difference between the plasma and ground can be fixed
by factors which are substantially independent of inductive excitation power).
Although in Lheofy. inductive power transféf:doé;s not require raising the AC or
DC potential of the plasma with respect to grourd, in practice there has been
substantial shift and harmful alteration in th_’e j'plasma potential found in unshielded
current art inductive sources. g '

As'previousbl'y noted, and fuﬁ_f:’er emphasized herein, the most
effective conventional method employed to j"avoid__ plasma potential shift in
conventional oonunercia!ly:availablé ilnducti%\;e sc:urces is to shield the plasma from
the electrical fields on the inductive obupii:i:g element {'mmmonly a multi-turn coil)
by inserting a grdunded cdinducﬁve membet 'bew;ree-,ﬂ the inductive driving element

|1 :
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and the plasma discharge tube. Shielding i‘s;'lhmver, cumbersome and
inconvenient and has serious disadvantages in pré.ctice. Shields couple to inductive
applicator elements and can cause wide exéﬁr_sior?s in the natural resonance
frequency, whichlia.re not predicted by convé:ﬁtioljal deisign formulae. This often
results in laborioﬁs trail and error and itemﬁve n:aechanical designs to achieve a
desired resonance. - Another disadvantage of’ shie!lding 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 br’eakdown) of inductive breakdown generally begins with a
capacitive electric field disé:hargc, which is ‘stable at lower currents and powers
(See, for example, J. Amorim, H.S, Maciel and J.P. Sudana, J. Vac. Sci.
Technol. B9, pp. 362-365, 1991). Accordingly, shields tend to block capacitive
electric fields, which induce plasma ignition.

Insertion of the shield close to high voltage RF point in a network
(such as the voltage maximum poinis in a helical resonator or the high potential
driven side of a TCP coil)'also causes large«! displacement currents to flow through
the capacitance between thé shield and coil. This high potential difference is also
a potential cause of damaging rf breakdown across the air gap, hence the gap may
require protection by inconvenient solid or liquid dielectric insulation. The
displacement current flow causes power loss'and requires that higher power RF
generating equipment be used to compensate’ for the power loss. Coupling loss in
the plasma source structure is also undesiraflle from the standpoint of thermal
control. These limitations are overcome b)ﬁ the prcsent invention using the wave
adjustment circuits, an inductive applicator iéf selected phase length, and other

elements. IS

Experiments l

To prove the principle and demonstrate the operation of the present
invention, a helical resonator plasma source was used in a photoresist stripper.
Conventional helical resonators also were evaluated in these experiments. These

experiments are merely examples, and should not limit the scope of the claims
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1 i
herein. One of ordinary skill in the art would easily recognize other experiments,
uses, variations, and modifications of the inventions defined by these claims.

1 venti i

In this experiment, the conventional resist stripper was a prototype
made by MC Elccn'onics,l;:)resent 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.
This quarler-wavé helical resonator 602 i'nc:luded: a coil 608 and other elements.

Coil 608 consisted of 5.15 tu:ms of 0.4 inch diameter copper tubing
would with a pitc‘h of 0.5 turns per inch with a mean radius of 6.4 inches and
centered radially and vertiéally inside an ohter cdpper shield 615 Coil 608 is
operably coupled to a power source 612 and operated at about 13 MHz radio
frequency. A 17 inch long, 9.25 inch dlameter quartz tube 606 was centered
inside of the copper coil 608. The shield 610 was 16 inches inside diameter,
approximately 0.08 inches thick and 18 inél;es long. This shield 610 also was
connected to a ground (V) connection on the aluminum process chamber body
(except when making the current measurements described below).

The process chamber 604 wais for a conventional resist stripper.
This resist strippér included a wafer supporlt 616 (or pedestal) and other elements.
Process chamber 604 is operably coupled at an outer location 620 to ground via
shield 610. Wafer support 616 has a wafer 618 dlsposed thereon.

The wafer 618 is a 6-inch (250mm) <100> type wafer with
approximately 1.25 microns of spin-coated Mitsubishi Kasei positive photoresist
MPR-4000. This wafer was ashed on the gmunded 10 inch diameter wafer
support 616, This support was resistivity heated and the temperature of the
substrate support was sensed with a thennocouple.

After the helical resonator plasma was ignited, visible plasma filled
the quartz plasma tube under all of the con&itionk used for processing. In addition,
a strong plasma glow was aiways visible above the wafer in the downstream
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processing chamber which was indicative cjf -s;econdary plasma discharge to the
substrate support. This secondary plasma iiﬁi_scha_rge was also accompanied by
current flow from the resonator shield to thé chamber of approximately 5-10
Amperes rms (and sometimes even more) V_.!.frhich could be measured by elevating
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
includes the quartz tube 606 and a plasma discharge (or source) 701 therein. As
shown, the plasma dischargq includes a gloﬁ region that 701 occupies a large
range (R) of the quartz tube 606. The plastha discharge has an average voltage
potential (V,,.) between the ground'potentiﬁii_(vo) and the high voltage potential
(V). As can be seen, the plasma dischargé 701 has capacitively coupling
elements to V,; and Vg due to its average vt!)ltagé potential V,,,. In fact, as
previously noted, the current flow from theﬁ resonator shield to the chamber was at
least 5-10 Ampcres ms. In hlgh power applmuons intense sparking was
observed in the chamber from the capacitively coupled plasma source.

IL_Present Photoresist Stripper

To prove the pﬁnciple and opg_mtibn of the present inventions,
experiments were performed. These expefimenté used a photoresist stripper
apparatus. This resist stnpper apparatus’ in a cluster tool arrangement used a
helical resonator accordmg to the present 1nvennons One of ordinary skill in the
art, however, would recognize that other 1mp]ementat10ns modifications, and
variations may be used. Accordmgly, the ;cxpenments performed herein are not
intended to limit the scope. of Lhe claims below

The photoresrst stripper appmtus was configured with multiple
process chambers in a ciuslter tool arrangement, as illustrated by Figs. 8 and 9.
Figs. 8 and 9 illustrate a simpﬁﬁed top-view diagram 800 and a simplified side-
view diagram, respectively. Two process chambers, e.g., chamber 1 901 and

Page 41 of 130




10

15

20

25

30

a2 16655-003000

cha;rlbelg 2 903, were used. Chzimbe:r: 1 90Il was used for stripping implant
hardened resist cr.;ust (or skin), Chamber 2I§903 was used for stripping the
remaining photorésist. Alternatively, the chambers can be both used for stripping
implant hardened resist crust and stripping remaining photoresist. Of course, the
particular use depends upon the application. | These chambers also were made of
aluminum with ceramic inserts, which is higﬁly resistant to chemical attack.

The apparatﬁs 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
486DX processor PC made by EPSON, wifh a op]or LCD touch panel display.
This controller also is shielded and highly resistant to chemical attack.

Anl automatic wafer handling': systeim 910 was also provided. The
automatic wafer handling system used standard cassettes 912 for transferring the
photoresist coated wafers to and from the process chambers 901, 903. The
automatic wafer handling system included a robot 917, cassette chamber 1 905,
cassette chamber 2 907, cassette stage 1 909, cassette stage 2 911, and other
elements. The wafer handling system 910 used a conventional interlock system for
providing the cassettes 912 from the cleanroom into the process chambers 901,
903. A main shuttle chamber 913 housed t_ht_: robot 917 in the cluster tool
arrangement. The controller oversees the ajﬁomatic wafer handling system
operations. The present wafer handiﬁg sysfém is made by JEL Co., LTD of
Japan, ‘ : '

A cooling plate 915 was included in the main chamber 913 housing
the robot 917. The coolidg plate 915 was cipf conventional design, and was capable
of cooling the wafer after being stripped, which often occurs at elevated
temperatures. Al'iernatively, the cooling plate can be used to thermally adjust the
wafer témperamre either Iiéfofe, after, or e\it?n tfcmeen selected process
operations. e
The process chambers 901, 903 were disposed downstream from
respective plasma sources 923, 925. Each ilelicél resonator included a coil 927

disposed around a quartz tube 929. The coil consisted of 11.5 turns of 0.4 inch
; P By i
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copper tubing wound with a pitch of 0.9 tﬁrﬁs per inch with a mean radius of 9.4
inches and centered radially and vertically inside an outer copper shield 931. The
coil is operably coupled to a power-source:(not shown). A 17 inch long., 9.25 inch
diameter quartz tube was centered inside oﬂ the t:}opper coil. The shield was 16
inches inside diameter, approximately 0.08 inches thick and 18 inches long. The
shield is operably coupled to a lower portion of the coil.

 Inohe 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
semiconductor wafers. Samples were prepared using eight-inch wafers. These
wafers were spin coated with Mitsubishi Kasei positive photoresist MPR-4000.
Spin coating occurred at 1,200 rpm and 120 °C for 90 seconds. The resulting
photoresist was about 1.2 microns in thickness in the sample wafers. These
sample wafers were implanted to form a imﬁianléd hardened resist layer near the
top of the photoresist. o

An implant resist stripping process was performed to remove the top
implant hardened resist. This occurred by stripping using an "un-balanced" phase
and anti-phase coupling relationship in a half-wave helical resonator. The half-
wave helical resonator was configured in one of the process chambers. In this
chamber, the pedestal had a temperature of'about 40 °C to maintain a low wafer
temperature. This low wafer temperature was maintained to reduce the possibility
of "popping.” Popping occurs when vapor in the underlying photoresist explodes
through the implant hardened resist. i :

After the top hardened layer was removed. The wafer was
transferred into a chamber’ operating at a full anc multiple. This chamber
operated at a frequency of about 27.12 MHz at a full-wave multiple. The pedestal
of this chamber was at 15{] to 200 °C. The fuil'wavc structure provided for
balanced phase and anu-phase coupled currents thereby reducing the amount of
capacitively coupled plasma, which can be: demmcma] to the underlying substrate.
In this step, over:gshmg was performed to substanually remove all photoresist
material from the wafer. No damage occurred to the underlying substrate during
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]

this overashing step. '- i

Once the photoresist has been smpped the wafer is cooled. In
particular, the W;err is, removed from the full-wave multiple process chamber, and
placed on the ooolmg station. This coolmg statlon reduces the temperature of the
wafer (which was heated). This wafer is then reloaded back into its wafer
cassette. Once all ‘wafers have been proceﬁsed in the cassette, the cassette
comprising the stripped wafers is removed from the cluster tool apparatus.
Characteristics of this half-wave helical resonator were described in detail above.
In the present cxperiments; the following tests also were performed.

Test 1: 6-inch wafers were 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 power 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 ashed and ithen the discharge was
extmgmshed) The ashing rats across the wafer was determined to
vary between approximately 3411 A/min and 3139 A/min with the
rates approxlmately 'symmetric, about the center of each wafer and
the maximum ashing rate at the center. The average etching rate
was 3228 A/min and etching umfonmty was approximately 4
percent.

Test 2: 6-inch wafers were ashed at a total pressure of 1 Torr using
a gas flow of 1 standard liter per minute, forward rf power of 2200
watts and a reflected power of 160 watts at an excitation frequency
of 13.0 MHz. The substrate was held at 60 °C and the ashing rate
was determined to very betwecn approximately 3144 A/min and
3748 A/min depending on position on a wafer. The etching
uniformity was approximately 9 percent.

Test 3: Resist coated \irafers-i were implanted with a selected dose of
5 xr 10" atoms/cm? at 40 kev, drsenic (As). The wafers were cleaved
into samples approximately 3 centimeters square.
) i
} i 3 ! ! |
Two samples were then ashed on the substrate support simultaneously, under the
various conditions listed in Table 1. _
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TABLE 1: Experimental Results for Ashing

Run Time(s) | Pressure 0, | Fwd | Refl. rf Temp
(sec.) | (Torr.) Flow Pwr Pwr | freq. (°C)
: (slm)* W) | W) | (MHz)

180 . |0.23 0.5 2,000 [180 | 132 |68

A

B (12 o006 |02 [2150 |18 [133 |90
c |10 Joizs Jo2 2200 [150 [133 |0
D (30 Jo13 |02 [2200. |15 {133 |40
ED) [9% ; |0.09 0.1 2200 |8 |[134 |40

F{ID 150 0.09 0.1 2,200 80 13.4 40

*sIm=standard [iters 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./mm and uniformity was 7.5%.

(II) Implanted resist was etchcd for 150 sec, but endpomt 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. overetching. Under conditions where
practical ashing rates were attained, a visible plaSrna discharge and sheath could be
observed over the wafer. !

Diagnostic measulremcnts of current 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. Thes!e measurements were limited by
error using available mstrumenlanon Aqoordmgly, these currents were at least
an order of magmtude below those currents measured above in the conventional
stripping appamms '

A Visual mspectlon of the stnpped wafers shows extremely good
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results. That is, the wafers were stripped at;a sufficient 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, curqut measured fron‘_l: the shield to the chamber by elevating
the shield on insulating blocks was less than about 0.5 Amperes rms and, in some
instances, at'or below measured error using available instrumentation. This
current was substantially less than those measured in the conventional stripping
apparatus.

While the invention has been'l described with reference to specific
embodiments, various alternatives, modiﬁcaffons‘, 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 include an apparatus for plasma
immersion ion implantation or growing diamonds, TCPs, and others. This
discharge apparatus can be'used for the manufacture of flat panel displays, disks,
integrated circuits, diamonds, semicohductor materials, bearings, raw materials,
and the like. Therefore, the above description should not be taken as limiting the
scope of the invefltion which is defined by the aﬁpended claims.
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WHAT IS CLAIMED IS:

1. A proces!s 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 coupling structure balances.

2. The proéess 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 length 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 helical resonator structure having an
electrical length which is substantially free from any multiple of one quarter

wavelength.

6. The process of claim 1 wherein said one of said entities is
provided in chemical vapor deposition. '

7. The process of claim 1 wherein said one of said entities is
provided in plasma etching.

8. The process of claim 1 w_liereih said inductive coupling structure
is selectively balanced using a wave adjusuﬁent circuit.
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9. A process for fabﬂcaﬁng a product comprising the steps of
subjecting a substrate to a composition of entities and employing the resulting
substrate for completion of said product, a:t leastione of said entities emanating
from a species generated by a gaseous discharge provided by a helical resonator,
said helical resonétpr having an integral cdrrent 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 6f the plasma column
to substantially equal elements with a potential below shield potential.

10. The process of claim 9 wherein 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.

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 product, said apparatus comprising:

an enclosure comprising an outer surface and an inner surface, said
enclosure housing a gaseous discharge;

a plasma applicator disposed édjacent to said outer surface;

a high frequency power source operably coupled to said plasma
applicator, said high frequency power source exéiting said gaseous discharge to
provide at least oﬁe éntit)? from a high freqyénqy field in which the vector sum of
phase and anti-phase capacitive current coup')led from the inductive coupling

structure substantially balances.
13. Apparatus of claim 12 wherein said enclosure is a chamber.

14, Apparatus of claim 12 wherein said enclosure is a tube.
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15, Apparatus of claim 14 wherein said tube is made of a material
selected from quartz, glass, diamond, polymer, sapphire, and alumina.

16. Apparatus of claim 12 wherein said apparatus further comprises
a wave adjustment circuit, said wave adjustment circuit operably coupled to said
plasma applicator to selectively provide balancing of said inductive coupling

structure.

'

17. Apparatus of claim 12 wherein apparatus is provided for
chemical vapor deposition.

18. Apparafus of claim 12 wherein app%ratus is provided for plasma
etching. _  TRPRAEL oA

19. Apparatus of claim 12 wherein said enclosure, said plasma
applicator, and said high frequency power source define a helical resonator
structure, said helical resonator structure H_a_ving an electrical length which is
substantially a whole number multiple of one waivelength.

20. Apparatus of claim 12 wherein 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 any multiple of o:iie‘ quarter wa:vclengdx.
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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
comprises 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
excitedb by a highff;'equency field in which:the vector sum of phase and anti-phase
capacitive coupled voltages from the inductive coupling structure substantially

4

balances.

H:\home\rto\work\16655\-3.ap1
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o / \ UNITED STATE .JEPARTMENT OF COMMERCE
by « | Patent and Trademark Office
Address: COMMISSIONER OF PATENTS AND TRADEMARKS
\ ,j Washington, D.C. 20231

| appucamonnumeer | FunaDaTE | FIRST NAMED APPLICANT | T ATTY. DOGKET NOJTIILE |

02/567,224 12/04/95 FLAMM I 16655-000300

_ 0232/0214
TOWNSEND AND TOWNSEND AND CREW
STEUART STREET TOWR

ONE MARKET PLAZA

SAN FRANCISCO CA 94105
- DATE MAILED: i
NOTICE TO FILE MISSING PARTS OF APPLICATION Nz2/14/96
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 spbmitted ALONG WITH
TE‘ZENT OF A SURCHARGE for items 1 and 3-6 only of § 255 for 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(g).

If all required items on this form are filed within rhem»v, the total amount uwed by applicant as a @‘ﬁge
entity, (] small entity (verified st.al_.amnn} 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. m/ﬂe statutory basic filing %ﬁrﬁm O insufficient. Applicant as a & Targe entity [J small
entity, must submit $ to complete the basic filing fee.

2. O Additional claim fees of $ asa [J large entity, (] 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. ' The s6th or declaration:
[ 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. (] 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. [ The signature(s) to the oath or declaration is/are: (] missing; OJ 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. [0 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 Application Number and Filing

Date, is required.

7.0 The application was filed in a language other than English. Applicant must file a verified English
translation of the application andafeeof $_____ under 37 CFR 1.17(k), unless this fee has
already been paid.

8.0A$ processing fee is required since your check was returned without payment.
(37 CFR 1.21(m)).

9. O Your filing receipt was mailed in error because your check was returned without payment.

10. 0 The application does not comply with the Sequence Rules. See attached Notice to Comply with
Sequence Rules 37 CFR 1.821-1.825.

11.0 Other.

Direct the response to Box Missing Part and refer any questions to the Customer Service Center
at (703) 308-1202.

A copy of this notice MUST be returned with the response.

OFFICE COPY .
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I hereby certify that this correspondence is being

eposited with the United States Postal Sérvice as

irst class mail in an envelope addressed to:

sistant Commissioner for Patents,

o fttn: Box Missing Parts, Washington, D.C. 20231, m

SRt S, (776 Attorney Docket No. 16655-000300
TOWNSEND and TOWNSEND and CREW LLP '

By L&ML(F—%M

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of: )
) ;
Daniel L. Flamm, et al. ) Examiner: Unassigned
i )
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 =0 x 22.00 = $ 0.00
3-3=0x 78.00 = $ 0.0
(c) Missing Parts Surcharge (§1.16(e)) $ 130.00

TOTAL FEES TO BE CHARGED $ 880.00
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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 Letter is submitted in triplicate. '

pues:_ b[1[AL

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

rio\work\16655\3-mp.res
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# %! hereby certify that this correspondence is being
# Yeposited with the United States Postal Seérvice as
rst class mail in an envelope addressed to:

sistant Commissioner for Patents, ] PﬂTEﬁI

tn: Box Missing Parts, Washington, D.C. 20231,

Sheat 3, (77C Attorney Docket No. 16655-000300
TOWNSEND and TOWNSEND and CREW LLP .

By /@M‘f%

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inre appiication 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= 0 x 22.00 = $ 0.00
3 -3=_20x 7800 = $ 0.00
(c) Missing Parts Surcharge (§1.16(¢)) $ 130.00

\ TOTAL FEES TO BE CHARGED $ 880.00
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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,

pusd__ { ”GN“; ' gyﬁg%

¢+

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
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Patent and Tradémark Office
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h 4 / Washington, D.C. 20231
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08/567,224 12704/
: 95 FLAMM D 16655-000300
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¥ 0232/0214
. TOWNSEND AND TOWNSEND AND CREW
- STEUART STREET TOWR

ONE MARKET PLAZA

SAN FRANCISCO CA 94105 kTNl 0000

NOTICE TO FILE MISSING PARTS OF APPLICATION
FILING DATE GRANTED

' AnApplication 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
THE P, NT OF A SURCHARGE for items 1 and 3-6 only of $ _Z¢D  for 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 pﬁﬂ&lﬂ\w. the total amount owed by applicant as a Mgo
entity, [] small entity (verified slatemen} 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 E’ﬂe statutory basic filing fee ja E'ﬁsmg [ insufficient. Applicant as a-B"lfge entity (] small
entity, must submit $ to complete the basic filing fee.

2. O Additional claim fees of $ . asa [ large entity, (] 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. ﬁhﬁ th or deil:;laration:
] does not cover the newly submitted items.

02/14/96

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. [0 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
iling Date, is required.

5. [O-The signature(s) to the oath or declaration is/are: (] missing; [J 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
y compliance with 37 CFR 1.63, identifying the application by the above Application Number and

Filing Date, is required. r—

6. [J The signature of the following joint inventor(s) is missing from the oath or declaration: \

An oath or declaration listing the of all inventors and signed by
the omitted inventor(s), identifying th}s application by the abave Application Numher ami Filing:
Date, is required. p1i6d 19

7.0 The application was filed in a language ‘bther than English. Kp‘plicant must file a vanﬁed English
translation of the application and a fee of $ under 37 CFR 1.17(k), unless this fee has
already been paid.

8.0A% nmsﬁng fee is required since your check was returned without payment.
I i (37 CFR 1.21(m)).

9. 0 Your filing receipt was mailed in error because your check was returned without payment.

10. 0 The application does not comply with the Sequence Rules. See attached Notice to Comply with
Sequence Rules 37 CFR 1.821-1.825.

11. [0 Other. L
Direct the response to Box Missing Part and refer any questions to tha Customer Samca Center

A copy of this noticé- . MUST be returned with the response. .

yoRM PTO-1853 REV, 1160 ' COPY TO BE- I!ETURNED WITH HESFONSE—‘—_ ..___...l'_.L_._.,...... ey
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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
SUSTAINED BY INDUCTIVE COUPLING the specificationof which ____is attached hereto or __X _ was filed on _December 4,
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 accordance
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)
'
Country Application No. Date of Filing Priority Claimed
; " : Under 35 USC 119
Yes No
Yes No

I claim 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 applicationis not disclosed in the prior United States application in the manner provided by
the first paragraph of Title 35, United States Code, Section 112, I 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 ATTORNEY: 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. Bohler, Reg. No. 31,487

Kenneth R. Allen, Reg. No. ZL&

Send Correspondence to: Direct Telephone Calls to:
Richard T. Ogawa (Name, Reg. No., Telephone No.)
dero Center, §th Floor . Name: Richard T. Ogawa
San Francisco, CA 94111 A Reg. No. 37,692
it ‘ Telephone: 415" 326-2400

. (Page1o0f2)
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Full Name Last Name First Name Middle Name or Initial
of Inventor 1 | Flamm | Daniel Lo
——

Residence & City State/Foreign Country Country of Citizenship
Citizenship Walnut Creek- L California U.S.A.
Post Office Post Office Address 3 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 i

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 Office Post Office Address . | City State/Country Zip Code
Address 5875-4 Ryuchi Yamanashi, 400-01 Japan

Futaba-cho, Kitakomagun

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 2 Signature of Inventor 3
Daniel L, Flamm Georgy Vinogradov Shimaoe Yoneyama
Date /24(};0, / 7‘, /7 ?6‘ Date Date

ichworkh 166384 3-dec.pas (Page 2 of 2)
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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 S’Ib First Name Middle Name o Initial K
of Inventor2 | Vinogradov Georg .
U } jpnssm—
Residence & City State/Foreign Country_ Country of Citizenship
- Citizenship Yamanashi /\ Japan Russia
——— J

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 ﬁ First Name Middle Name or Initial
of ventor 3 {Yopmeyama | Shimag -
Residence & City J State/Foreign Cou Country of Citizenship
Citizenship Yamanashi - Japan Japan

- J Y

Post Office Post Office Address City State/Country Zip Code
Address 5875-4 Ryuchi Yamanashi, 400-01 Japan

Futaba-cho, Kitakomagun !

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
stalements may jeopardize the validity of the application or any patent issuing thereon.

Signature of Inventor 2 Signatre of Inventor 3

_SwacZ

Shimao Yoneyama

pae o /3 /974

Signature of Inventor 1

Daniel L. Flamm Georgy Vinogradov

Date 25-03%-299%¢

Date

(Page 2 of 2)

moworkl | 655513-dee. poa.
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1 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,

Washington, D.C. 20231, Box Missing Parts PATENT

on
Ozers 3, 1774 : Attorney Docket No. 16655-000300
TOWNSEND and TOMNSEND and CREW LLP

Whtine Filorgrc

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re application of:
Daniel L. Flamm, et al. Examiner: Unassigned
Application No.: 08/567,224 Art Unit: Unassigned

PETITION TO EXTEND TIME UNDER 37
CFR §1.136(a)

Filed: December 4, 1995

For: PROCESS DEPENDING ON PLASMA
DISCHARGES SUSTAINED BY
INDUCTIVE COUPLING

L

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 Account 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: { L % ?}fh LT(Q/‘

Richard T. Ogaws
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

rtotwork\16655\3-petex1.tme
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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

Washington, D.C. 20231, Box Missing Parts PATENT

gene 3, /976 Attorney Docket No. 16655-000300
OWNSEND and TOWNSEND and CREW LLP :

Weipe Floerzic

IN THE U"NTTED STATES PATENT AND TRADEMARK OFFICE

In re application of: )
: - )
Daniel L. Flamm, et al. ) Examiner: Unassigned
) .
Application No.: 08/567,224 ) Art Unit: Unassigned
L )
Filed: December 4, 1995 )  PETITION 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: h

Applicants petition the Assistant Commissioner of Patents to exténd 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 Account 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: é{ & @() %I\ri@

Richard T. Ogaw

Reg. No. 37, 692
TOWNSEND and TOWNSEND and CREW LLP )
Two Embarcadero Center, 8th Floor 010 UJ 20-1430 04/13/96 OBTE72R4
San Francisco, California 94111-3834 01145 117 900, 00CH
(415) 326-2400
RTO:de

rto\work\16655\3-petex1.ime
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1 hereby certify that this l:orru.pnndmcs_ s spos i ted .
with the United :t-tyéﬁg,ul Service &8 ﬂr’Ml in

an envelope addressed to: Assistant Commissioner for Patents, P
Washington, D.C. 20231, on

By,

PATENT
Attorney Docket No. 16655-000300

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of: )
. ) ; ) . _Thi DaM§
Daniel L. Flamm, et al. ) Examiner: Unassigned—
)
Serial No.: 08/567,224 ) Art Unit: k42 |109
' )
Filed: December 4, 1995 ) POWER TO INSPECT AND MAKE
) ' COPIES
For: PROCESS DEPENDING ON )
PLASMA DISCHARGES ) FIECEIVED
SUSTAINED BY INDUCTIVE )
COUPLING ) NOV 0.8 199
) GRO
s UP 1100

Assistant Commissioner 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: ”t il %2 Richard T. Oga%

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

16655\3-power.ins
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|30 ~123-DrC
7?({5"'
PATENT
ATTORNEY DOCKET NO. 07931/003001

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant : Flamm, Daniel L. et al. Art Unit:-—3364— |109

Serial No.: 08/567,224 Examiner: G.—Geudreauw——

Filed : December 4, 1995 e “por

Title ¢ PROCESS DEPENDING ON PLASMA  BISCHARGES f‘i
SUSTAINED BY .INDUCTIVE COUPL ‘\\ﬁqﬁ%ﬁ’

Office of Petitions Aug ¢

. 2 Hiiae VS
Commissioner of Patents and Trademarks QPTPATENTé““‘
Washington, DC 20231 R

PETITION UNDER RULE 182

ccept ati d Appointment
By Fewer Than All Applicants or Owners

Petitioner MC Electronics Co., Ltd. ("MCE") is assignee
of a fractional interest in the above-referenced 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.

:15 The dispute arose because Townsend, Townsend & Crew
ra

("Townsend"), the firm prosecuting the subject application,
origiﬁ%lly told MCE that it represented both MCE (and its two

inventeors) and Flamm. Townsend has unilaterally changed its mind

and ha8 recently told MCE that it only represents Flamm and is
Dateof Deposit_[YOr@mber 22, [99(,

1 hereby certify under37 CFR 1.8(a) that this correspondenceis
being depositedwith the United States Postal Service as frst class
mail with sufficient postage on the date indicated above and is

dd dto the Commissionerof P: d Trademar
Washington, D.C. 20231.

—
_Kristine 2 FcGrirk
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unwilling to represent 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 submitted,

Date: \\\1'1/\61.(0 _
T Rdger”'©. Borpyoy

Reg. Np. 20,193

For Gebrgy Vinogradov,

Shimao Yoneyama and MC

Electronics Co., Ltd.

Fish & Richardson P.C.

2200 Sand Hill Road, Suite 100
Menlo Park, CA 94025
Telephone: 415/322-5070
Facsimile: 415/854-0875

52867.P11
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PATENT
ATTORNEY DOCKET NO. 07931/001001

IN THE 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 §3.73(b)

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. Borovoy, Reg. No. 20,193

William 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 supplied below) is
empowered to act on behélf of the assignee.

I hereby dec;are 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 stateﬁents weée made with the knowledge that willful false
statements and the like so made are punishable by fine or
imprisonment, or botg, under Section 1001 of Title 18 of the
hnited States Code and that such ﬁiliful false statements may
jeopardize the validity of the application or any patents issued

thereon.

Respectfully submitted,

bate: __to/ea] s y%
obuakl Matsuo

President, MC Electronics Co.,
Ltd.

50886.P11
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PATENT
ATYC Y DOCKET NO. 079317001001
S1GNMENT BY THE INVENTORS

ASSIGNMENT

For good and valusble consideration, the receipt of which is hereby acknowledged, the undersigned ASSIGHORS
hereby sell, assign, and transfer to ASSIGMEE, WC Elecironics Co., Ltd., a Japanese Corporstion, having its
offices located at 1-45-1, Suzuki-Cho Kodairs-Shi, Tokyo 187, Jepan, snd the successors, assigns and legal
representatives of the ASSIGHEE all of their right, title and interest for the United States and its
terri:or!al pusuasir.m ond in all foreign countries in and to, any and sll improvements in the invention
entitled:

PROCESS DEPENDING OM PLASMA DISCHARGES SUSTAINED BY INDUCTIVE COUPLING
ond which is found in the so-titled U,S. patent spplication Serial No. 08/567,224 filed on Decesber 4, 1995.

and any legal equivalent thereof in a foreign country, including the right to claim priority and, in and to,
all Letters Patent to be obtained for said invention by the above spplication or in any continuation,
division, continuation-in-part, extension or substitute thereof, and any reissue, reexsmination or extension
of said Letters Patent and all rights under all Internationsl Conventions for the Protection of Industrial
Property.

ASSIGNORS hereby covenant that no essignment, sale, agreement or encumbrance has been or will be made or
entered into which would conflict with .this assignment.

ATSIGHORS further covenant that ASSIGMEE will, upon its request, be provided promptly with all pertinent
facts and documents relating to said invention and said Letters Patent and legal equivalents as may be known
and eccessible to ASSIGNORS end that ASSIGHORS will testify es to the same in any interference, litigation,
or proceeding relsting thereto and will promptly execute end deliver to ASSIGNEE cor its legal representative
any and all papers, instruments or affiddvits required to apply for, obtain, maintain, issue or enforce said
application, said invention and said Letters Petent and said !quwalm':s thereof which may be necessary or
desirable to carry out the purposes thereof. An attorney or record, or the attorney filing the applicatien,
is authorized and requested by the execution of this assignment to ir\urt into this assignment the execution
date of the applicetion andfor the filing date and serial number of the application when officially known.

ASSIGHORS request the Commissioner of Patents and Trademerks to issue said Letters Patent of the United
States and any reissue or extension thereof to the ASSIGNEE.

Executed this Signature of Inve-nt r

Roedowy o (Qpirten )95 - “V«w

State of _ California )
. ] S8,
County of _San Mateo ).
1
before me, : M—

y ared Georgy Vinagradgv, O onally kngfin to me OR ¥ proved to me on the basis of
satisfactory eévidence to be the person whose name is subscribed to the within instrument and acknowledged to
me that he/she executed the same in his/her individual capacity.

Witnesg my hand and official Leal.

SUSAN ). KEYS'ER
Comm. # 1060531
NOTARY PUBLIC - CALFORNA

PATENT
REEL: 8289 FRAME: 0881
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- PATENT
AT EY DOCKET NO. 07931/001001
ASSIGNMENT BY THE INVENTORS

Executed this Signature of lnventor

ﬁﬂ—‘j e M’ﬁ?d Shimao Yoneyama Ch/

state of __Californie

County of _San Mat ol
on £4 before me,
persopdily sppesred Shimso Yoneyana, O personsily to me.

evidence to be the person whose name is ll:bicribed_ the within
he/she axecuted the same in his/her individual cepacity.

88.

)
]
)

ATY—r——

proved to me on the basis of snti;flctary
trument and scknowledged to me that

hand and offjcial seal,

3 m?mg&‘?ﬁﬂﬁl

San Mateo
My Comm. Expires May 31, 197%

T o

50805.P12

PATENT
ECORIDEI: 10/28/1996 L REEL: 8289 FRAME: 0882
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gyﬂ&?%\% UNITEL _ /ATES DEPARTMENT OF COMMERCE
: Patent and Trademark Office

i * ASSISTANT SECRETARY AND COMMISSIONER OF
Jg PATENTS AND TRADEMARKS
rares ot Woashington, D.C. 20231

Paper No. 6

RICHARD T. OGAWA
TOWNSEND & TOWNSEND & CREW COPY MAILED
TWO EMBARCADERO CENTER, 8TH FLOOR
SAN FRANCISCO, CA 94111 .

SEP 16 1997

OFFiLEUF FEN LY
ACPRENTE

ON PETITION

In re Application of

Daniel L. Flamm et al.

Application No. 08/567,224

Filed: December 4, 1995

JFor: PROCESS DEPENDING ON PLASMA |,
DISCHARGES SUSTAINED BY INDUCTIVE
COUPLING

e owe we ae

e ae we

#his 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
representative (Borovoy et al.) as named in the revocation and
power of attorney submitted by MCE under 37 CFR 3.73(b) and by
coinventor Daniel L. Flamm, 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 applicaticon is being returned to Group 1100.

Telephone inguiries relative to this decision should be directed
to Michael Phillips at (703) 308-6712.

@\M&ﬂml ﬁ.
Abraham Hershkovitz
Director, Office of Petitions

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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UNITED STATES DEPARTMENT OF COMMERCE
Patent and Trademark Dffice

Address : COMMISSIONER OF F'l\TENTS AND TRADEMARKS
Washington, D.C. 2023

: FIRST NAMEL iNVENTOR ] ATTURNEY DOGKET NG
TUFLAMM T B ]6655 goo3nT
[ e e e
020350 18N2/1210 Lo TR
TOWNSEND AND TOWNSEND AND CREW LORING, S
TWO EMBARCADERD CENTER EIGHTH FLOOR .
SAN FRANCISCO CA 94111 . A_P‘_HMT
1a02
12/710/97
DATE MAILED:
™ communication from the exam: arge of your apphication,
ERCT PATENTS AND ARKS
. is application has been examined [ Responsive to communicationfiedon [ This action Is made final.
A shortened statutory period for fupom to this actlon Is set to expire é menth(s), ’3? days from the date of this letter.

Failure to respond within the period for response will cause the application to b bandoned. 35U.8.C. 133

Parti THE FOLLOWING ATTACHMENT(8) ARE PART OF THIS ACTION:

1. [ Netice of References Cited by Examiner, PTO-892. 2. [0 Notice re Patent Drawing, PTO-948.
3. [0 Notice of Art Gited by Applicant, PTO-1449. 4. [J Notice of informal Patent Application, Form PTO-152.
5. [ Information on How to Effect Drawing Chenges, PTO-1474, e O

Part il SUMMARY OF ACTION
Vo S0

1. B claims are pending in the application.
Of the above, claims are withd from ation.

2. [ ciaims : have been cancelled.

3. O claims are allowed

4, [ claims are rejected

5. [ ciaims are objected to.

8. B claims \-20 are subject to restriction or election requirement.

7. O Ths application has been filed with Informal drawings under 37 C.F.R. 1.85 which are acceptable for examination purposes.
8. [0 Formal drawings are required in response to this Office action.

9. [J The corrected or substitute drawings have been ived on . Under 37 C.F.R. 1.84 these drawin-gs
are (1 O not (see explanation or Notice re Patent Drawing, PTO-848),
0. D The proposed additional or substitute sheet(s) of drawings, flledon_________ has (have) been |:| approved by the
examiner. [] disapproved by the Iner (see axplanation).

1. O Theprop irawing correction, filed on hasbeen [J approved. [] disapproved (see explanation).

12. [ Acknowledgment is made of the claim for priority under U.S.C. 118, The certified copy has [] been received [] not been received
[ been filed In parent app , serlal no. ; filed on

13, D Since this application appears to be In condition for allowance except for formal matters, prosecution as to the merlits Is closed In
accordance with the practice under Ex parte Quayle, 1935 C.D. 11; 453 0.G. 213.

1. [ other

EXAMINER'S ACTION
PTOL-326 (Rev. 6-88)
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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:
L Claims 1-11, drawn to a process for fabricating a product, classified in class
216, subclasses 67 and 73. '
0. Claims 12-20, drawn to an apparatus for fabricating a product, classified in
class 118, subclass 723R.

2. The inventions are distihct, 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 process (MPEP §-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 (37
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 NUMBER 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) 308-4027. The fax phone number for this

Group is (703) 308-4242.

Communications via Internet e-mail regarding this application, other than those under
35 US.C. 132 or which otherwise require a signature, may be used by the applicant and
should be addressed to [james.housel@nspto;guv]. .

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 Internet Usage 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)

SunBlaig

SUSAN A. LORING
PRIMARY EXAMINER
GROUP 1800

December 9, 1997
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P o8| swry
: 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
review.

Direct ! any inquires concerning drawing review to the Drawing
Rewew Branch (703) 305-8404.

SUBSTITUTE PTO-948
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z O%\g\e“}?.‘tﬁ )
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
review.

Direct any inquires concerning drawing review to the Drawing
Rewew Branch (703) 305—8404
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Patent and Trademark Office '
Address: COMMISSIONER OF PATENTS AND TRADEMARKS

"I oF
f %\ UNITED STATES DEPARTMENT OF COMMERCE
* ,Ii Washington, D.C. 20231

08/567, 224 12/04/95 FLAMM L 16655-000300
| aepucamonnumesa | FILING DATE | FIRST NAMED APPLICANT | ATTORNEY DOCKET NO, |

020350 . HM11/70720 .

TOWNSEND AND TOWNSEND AND CREW LORING, S

TWO EMBARCADERD CENTER EIGHTH FLOOR | EXAMINER B

SAN FRANCISCO CA 394111

: 1641
| ARTUNIT |  PAPERNUMBER |
g/;’U 75
: DATE MAILED:

NOTICE OF ABANDONMENT
This application is abandoned in view of:

X[ Applicaht's failure to timely file a proper response to the Office letter mailed on "?-\,w\ il

(] A response (with a Certificate of Mailing or Transmisslon of ) was received on
—  ,whichis after the expiration of the period for response (including a total extension of
time of___month(s)) which expired on

[C] A proposed response was received on
rejection.

(A proper responsa to a final rejection consists only of: a timely filed amendment which places the application in
condition for allowance; a Notice of Appeal; or the filing of a continuing application under 37 CFR 1.62 (FWC).

[T No response has been received.

[ Applicant'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.

[] The issue fee (with a Certificate of Mailing or Transmissionof ) was received on
[ The submitted issue fee of $_—___is insufficient. The issue fee required by 37 CFR 1.18is §
] The issue fee has not been received.

but it does not constitute a proper response to the final

[ Applicant's failure to timely file new formal drawings as required in the Notice of Allowability.

] Proposed new formal drawings (with a Certificate of Mailing or Transmissionof ) were
received on ’
[] The proposed new formal drawings filed ____ ____ are not acceptable.

] No proposed new formal drawings have been received.

[0 The express abandonment under 37 CFR 1.62(g) in favor of the FWC application filed on

[0 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.

[ 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. )

] The decision by the Board of Patent Appeals and Interferences renderedon____________a use the period
for seeking court review of the decision has expired and there are no allowed claims. ¢ ( ¥

] The reason(s) below: l;—%ﬁ

PRIMARY

FORM PTO-1432 (REV. 10-85) _ GROUPR-860" 14\
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e e Rackcton Actof 1988 i g s
REQUEST FOR ACCESS OF ABANDONED mumﬁ”:mu UNDER 37 csmu(-) 1

1"""’“"'_.9'_ R e

¥ fZ7224 | p2 /926

Group ArtUnkt | Examiner )

, . Paper No. t? T
Assistant Commissioner for Patents .
Washington, DC 20231

’

| heraby request access under 37 CFR 1.14{a)(3)(iv) to the application fils record of the above-
identified ABANDONED application, which is: (CHECK ONE)}

__“1A) referred to in United States Patent Number @017 z2) cotumn

— (B) referred ta in an appiication that /s open to public inspection as m'ﬂuﬂh'lr.n 37CFR '1.11. ie.
Application No. fled , on page of
paper number :

— (C) an application that claims tha benefit of the Mng date of an application that Is open to public
inspection, i.e., Application No. . ; flled . ,or
— (D) an application in which the applicant has filad an authorization to uyupanmi:mplah
application to the public.
Pleasa direct any comespondenca concemning this request to the following address:

4~Z )5 m‘,,,,a,,, "

Signature

. Typed or printed n.mi l FOR PTO USE ONLY
) £ ’ Appraved by:
{Initials)
Unit:
Burden Hour Ststamant This form is estimated to take 0.2 hourn 1o compiste. Time will nedds of Illl
S Ay TR A 840 SR PRV O ESLAEE BRI FAG ALARELY SeNive ™
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= s s e T Gl 3
M-“-—-n“_ 5r kR wwed £ s u veris! IS RS A

.'"—h-—-v
_____ ey T
REQUESTFQR ACCESS QF AEANDDHED AFPL!CA‘HDN UNDER 7 CFR ‘!.14{!)

* jin re Appeicazion of Caea

FﬁECE‘ﬁdéﬁ— : Group ArtUnz | Exmmener

FEB 2 0 200

{ harsby raquast access under 37.CFR T.u{a)(:’.}rlvi to the apgicszen 123 recora of the aboves
idemifled ABANDONED appiication, which is (CHETI CNE!

5) rafarred to in United Stazes Paten: Numcer _bo/722] I

__IB)rlfumﬂﬂfnanacpﬂ::ﬂuﬁms:!smnmmbimmqaamfmma?m1.11.Lo..
of

Appiication No. flea oncags
pagernumber ______
{C}mnﬁmmmmaHMdﬂ'nﬁﬂng:mdanammaxfsspmumﬂc
inspection, Le.. Appiiczzon Na. flea or
— (D} an appiicaton in which tha appiicam has fllea an autisr==Tcn 1= &y coen the complate
npﬂmumgmﬁu.

Plaass direct any corrsspondenca cenesrming this requast i3 ta folicwng addrmss:

eofoo /2/
! ‘Date

. PSR FTO USE ONLY

Aozroveaty: P
—(nitiais) _-

Jurmen rour Ska This form 3 m:and...‘:ammmm m-mvmem M'TIMG‘IE.%
nterrmmenan Oificer,
m‘_",.'r i mﬂfh.“ mmmnlglr:zm v?“‘{.‘.‘ HQT "“IB F’_E! Gﬂ C—.-IFLE"E FDRMS ‘a THIS ADDRESS. SEND TQ:
[ for P alenc, i g -t
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I helieby certify that this correspundence is being depsited with PATENT J ?’_

E;edl{r;i:g .l."::al&e Postal Service as first class mail in an envelope Attorney Docket No.: 016655-000300US

. it
Assistant Commissioner for Patents, .

Washington, D.C. 20231 g efl du 3

TOWNSEND and TOWNSEND and CREW LLP

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 -4
INDUCTIVE COUPLING «
oo 2D
o = M
o Y
Assistant Commissioner for Patents 'i": >
Washington, D.C. 20231 Foee .:E
z £ o
e

Sir:
Pursuant to 37 CFR § 1.36, Townsend and Townsend and Crew LLP, attor?ﬁ'—:ys for applicant
hereby withdraws from representation relative to the above-identified patent. Please direct all
future correspondence regarding the subject patent to applicant at:

Dr. Daniel J. Flamm
476 Green View Drive
Walnut Creek, California 94596

By: WT%—

William J. Bohler
Reg. No. 31,487

TOWNSEND and TOWNSEND and CREW LLP : A 0 @@
Two Embarcadero Center, 8th Floor f lnld

San Francisco, CA 94111-3834 /
Tel (415) 576-0200 7. ed
Fax (415) 576-0300

PA 3135594 v1 é %
g
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PTO/SE/EE (09-08)
Approved for use though 3/31/2007. OMB 0651-0031
LIS.PnuﬂderdumrkOﬁm,US DEPARTMENT OF

COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required fo respond to a collection of information uniess i displays a vaild OME control number.

REQUEST FOR ACCESS TO AN ABANDONED APPLICATION UNDER 37 CFR 1.14

In re Application of
Bring completed form to:
File Information Unit, Room 2E04
2900 Crystal Drive n Number Filed
Arlington, VA 22202-3514 -
g g:a7 224 bec. o /99¢

Telephone: (703) 308-2733
- ) : Paper No.__ IZ:

1 hereby request access under 37 CFR 1.14(a){1){iv) to the application file record of the above-ldentified ABANDONED
application, which Is not within the file jacket of a pending Centinued Prosecution Applicahon (CPA) {3? CFR 1 .53(5}}

and which is identified in, or to which a benefit is claimed, in the following document (as sh In the att
United States PaientAppliqaﬁm Publl_mﬂon No. , page, fine
United States Patent Nur_nber 5 E! E]S ; Og’itwlumn i 1 , line, or
WIPQ Pub. No._ _ page , line i

Related Information About Access to Applications Malntained 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 FIU. If the member of the public Is entitied 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 entitied to obtain a copy of all or part of the application file upon payment of
the appropfiate fee. Such copies must be purchased through the Office of Public Rec¢ords upon payment of the

appmprlate fee (37 CFR 1.18(b)). ¢
ed applications tha ending, a member of the public may obtain a copy of:
Ihe ﬁle wnlants the pandh'ng applcaﬁm as originally filed; or any document in the file of the pending

enefit Dé is claimed under 35 U.5.C. 119(e), 120, 121, or 365 in ancther
application malhas [a}tssuedasaUS patent, or (b) published as a statutory invention registration, a U.S.
patent application publication, or an intemational patent application publication in accordance with PCT
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.

If the application Is j ral rwise identified in a U.S. patent, a statutory invention
registration, a U.S. patent application publication, or an intemational patent application publication in
accordance with PCT Article 21(2), 8 member of the public may obtain a copy of the pending application as
originally filed.

-——A‘Zﬁ?q»b }/\avw«wa 2—13 - of

CANMRD me oy =

Typed or printed name

2

Registration Number, if applicable

(763) R3¢ - 26¢3

Telephone Number

msmhdbndlmlnmmbj!TcFR1 11 and 1,14, The information is required to obtain or wmmmmom{mwm
USPTO 0 p ) an & ty is governed by 35 U.S.C. 122m!?6FR11|-1d1141‘m lection is estimated 1o take 12 minutes 1o
il fing, and submitting the form to the USPTO. Time will vary depending upon the individual case. Any

mmmlmdlﬂumw"hwmﬁumwmwhmmm Mdb!unl!uhw information Officer, |
U8, Patent and Ti Office, U. P.0. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED

FORMS TO THIS ADDRESS. BRING TO File lnionmtbon Unit, Room 2E04, 2900 Crystal Drive, Arlington, Virginia.
If you need assistance in completing the form, call 1-800-PTO-9199 and select oprioa 2
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FTO/SEIEE (02-10)
Approved lur use through 07/31/2012. OMB 0651-0031
U.S. Patent and Trademark Office; U.5. DEPARTMENT OF COMMERCE

Under the Paperwork Reduc‘t'on Act of 1595, no are required to foa collection of information uniess it displays a valid OME control number.
REQUEST FOR ACCESS TO AN ABANDONED APPLICATION UNDER 37 CFR 1.14
Griic parlaled R o In re Application of

File Information Unit, Suite 3..‘\20
2800 South Randoiph Street

Arlington, VA 22208 ' i Application Number Filed

oy (ST S N s o 1=

Telephone: (?03?( ?Sﬂ;‘tﬁﬁﬂ

; ADQ {] i " 1 ' Paper No. gz l Es

| hereby raqu&st access under 37 CFR 1.14(a)(1)(iv) to the application file record of the above-identified ABANDONED
application, WHEE};S not wﬂhm the file jacket of a pendfrlg Continued Prosecution kppiicaﬂon (CPA) (37 CFR 1 53[d}) and
which is identified

United States Patent Apphcatnon Publication No. . page, line
United States Patent Number \.D O\ ﬂ] %\X , column line,
WIPO Pub. No. ! i 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 FIU. 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 intemet 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 appropriate fee. ' Such copies must be
purchased through the Office of Public Records upon payment of the appropriate fee (37 CFR 1.18(b}).
or published applications that are still pending, a member of the public may obtain a copy of.
the file contents; the pendtng appllcanun as onginaily filed; or any document in the file of the pending application.
Eor unpublish i ill
(1) If the benefit of the pending apolication is claimed under 35 U.S.C. 119(g), 120, 121, or 365 in another application
that has: {3} issued as a U.5. patent, or (b} published as a statutory invention registration, a U.S. patent
application publication, or an international patent application publication in accordance with PCT 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 jncorporated by reference or otherwise identified in a U.S, patent, a statutory invention
registration, a U.S. patent application publication, or an internaticnal patent application publication in accordance
&Y j a member of the public may obtain a copy of the pending application as originally filed.

M- ==/
e DS .
.I FO&TP‘WJ SE ONLY

Typed of printed name

Registration Number, if applicable

Telephone Number

This cokection of mfarrnalnnu i:qurred oy 37 TFR 1 t! and 1.14. Tha information is required 1o obtain or retsin a benefit by the public which is to file (and by the USPTO to
procass) an apg U.S.C. 122 and 37 CFR 1.11 and 1.14, This wm is estimated to take 12 minutes bcompleu including
gathering, preparing, armwbmnﬂnq ﬁnmrnplmuappicaim form to the USPTO. Time will vary n the individual case. Any ts on the amount of ime
you require to complete this form endfor suggestions for reducing this burden, should be sent to the Chief m!urrnatm Officar, U.5. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, V& 22313-1450, DO HOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. BRING TO: File
Information Link, Suite 3420, 2800 South Randolph Street, Arlington, Virginia.

If you need assistance in completing the form, call 1-800-FPT0-9199 and select option 2.
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PTOISE/EE (02-10)

Approved for use through 07/31/2012. OMB 06561-0031

4 us. Pﬂantmd Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Pape: Red Aum1ssamwummmamdemmmm=n a valid OMB control number,

REQUEST FOR ACCESS TO AN ABANDONED APPLICATION UNDER 37 CFR 1.14
In re Application of

Bring completed form to:

File Information Unit, Suitg
2800 South Randolph Strii
Arlington, VA 22206

03/567, 224 7] /4/g

BY:}.....—-—--*‘—- ) Paper No.

Telephone: (703) 756-1800

I hereby request access under 37 CFR'1.14(a)(1)(iv) to the app?lcaﬁon file record of the above-identified ABANDONED
application, which is not within the file jacket of a pendi Pre tion Application (CPA) (37 CFR 1.53(d)) and
which is identified in, or to which a benefit is clafrned in the following document (as shown in ﬂ'le attachment):

United States Patent Application Publication No. X , page, line 3
United States Patent Number éOf 7 &2./ , columin Eﬂ.t‘? ,line,
“WIPO Pub. No. ) , page . + line o

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 |nspec!. cannot order applications maintained.in the IFW system through
the FIU. 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 Inft tion Retrieval system (Public PAIR) on the USPTO intemet web site {(www.uspto.gov).
Temminals 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 the public may obtain a copy of:
the file contents; the pending appliwhon as originally filed; or any document in the file of the pending appl:mtron
For unpublished applications that are s itt ndm -

(1) If the benefit of nding applicati under 35 U.S.C. 119{e), 120, 121, or 365 in another appllmhnn
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 intemational patent application publication in accordance with PCT 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.

If the application is incorporated by reference or othe identified in a U.S. patent, a statutory invention
registration, a U.S. patent application publication, ‘or an international patent application publication in accordance
with PCT Article 21 @)/.iﬂember %e public may obtain a copy of the pending application as originally filed.

ri

Mﬂ VA ﬂ%
Wrchae] D Lindon

Typed of printed name .

2

—

Registration Number if applicable

703 55 3- ovoo

Telephone Number

Tmswﬂmnnﬂn‘u-maﬁonlsraqumdbya?cm! 11 and 1.14. The information is required o obtain of retain a benefit by the public which is to file (and by the USPTO to
is g by 35U,5.C. 122 and 37 CFR 1.11 and 1.14. m:mumwmuwmummﬁm inctuding

Iﬂhﬂﬂﬂﬂ preparing, m:mmamwmmamﬂmmwmeusm Time will vary i pon the' i case, Ay on the amount of Bme
you require to complete this form and/or suggestions for reducing this burden, MMMMMMWIWMM us. PnltmderadormrkDﬁﬂ us.
Department of Commerce, P.0. Box 1450, Alexandria, VA 22313-1450, DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS, BRJHGTO‘ File

Information Unit, Sulte 3420, 2800 South Randolph Street, Arington, Virginta.
" If you need assistance in completing the form, call 1-B00-PTO-9139 and select option 2.
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PTO/SE/ES (02-10)
Approved for use through 07/31/2012. OMB 0651-0031
us. Pa‘h‘.'nl and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE

UnﬁurlhePapamd;Radudionmﬂwﬂs na are required o 1o a coliection of information unless i di a valid OMB control number,
REQUEST FOR ACCESS TO AN ABANDONED APPLICATION UNDER 37 CFR 1.14
Bring compiAR 24 E : .In re Application of
File Informa3i

T I :
Arlington, \Hik W?M Appll cation Number Filed

Telephone: g7 1800 5;7 224 Zec ’?// /795
. Paper No. #/, _)

I hereby request access under 37 CFR1. 14(a){1)(iv) to the application file record of the above-identified ABANDONED
application, which is not within 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 dc t(as sh in the attact )
United States Patent Application Pub!:cat'rnn No. . page, line . .
United States Patent Number . , column . ine,
‘;\FEPO Pub. No, i , page I _, line I -

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 poweer to inspect, cannot order applications maintained.in the IFW system through
the FIU. 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 Infc tion Retrieval system (Public PAIR) on the USPTO intermet 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 appropriate fee. Such copies must be
purchased through the Office of Public Records upon payment of the appropriate fee (37 CFR 1.139(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 pendmg appit:annn

For unpublish lications that are still pending: o
(1) Ifthe M{Mﬂgﬂ;ﬂw under 35 U.S.C. 119(e), 120, 121, or 365 in another applmalron

that has: (a) issued as a U.S. patent, or (b) published as a statutory invention registration, a U.5. patent’
application publication, or an intemational patent application publication in accordance with PCT Artidle 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.

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 intemational patent application publication in accordance
with PCT Article 21(2), a member of the public may obtain & copy of the pending application as originally filed.

(2

2L Lucas

Typed of printed name .

Registration Number, if applicable

57/-289-007p i\ ouwe =

Telephone Number

TmmﬂacﬂundwnnnmnhmqwmdbyBTCFRH1and114 The information s required to obtain or retain & benefit by the public which is 1o file (and by the USPTO to
) an wSSUS.C.ﬂzmd!?WR‘GHMHI This collection ks estimated to take 12 minutes to complets, including

ath md - ﬂ'n l i form fo the USPTO. Time will vary upon the Indhidual case, Any o the amount of time:

you require- tnmn-plelu this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, LS.

Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. BRING TO: File

Information Unit, Suite 3A20, 2800 South Randolph Street, Arlington, Virginia.

i you need assistance in completing the form, call 1-B00-PTO-8199 and select option 2.
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PTOISE/BE (02-10)

Approved for use through 07/31/2012. OMB 0651-0031

us. Pﬂn\l’!d'rmm U.S. DEPARTMENT OF COMMERCE

Under the Pag RﬂducfonAddwsS , No persons are required to respond 1o a collection of information unless 2 valid OMB control number,

REQUEST FOR ACCESS TO AN ABANDONED APPLICATION UNDER 37 CFR 1.14

Bring e In re Application of
File Information Unit, Suite 3A20
2800 South Randolph Street

Arlington, VA 22206 ) Applicatigh Number Filed
Telephone: (703) 756-1800 O(f 56 7_ 22 ZA/ s~
Paper No. __(L

1 heneby requestaccess under 37 CFR'1.14(a)(1)(iv) to the appﬁ:atlon ﬂIe rel:orﬂ of ﬂ1e above-idsntiﬁed ABANDONED
application, which is not within the file Jacket of a pendi Application (CPA) (37 CFR 1.53(d)) and
which s identified in, or to which a benefit Is clalrned in tha following ducument (as shown in the attachment):

United States Patent Application Publication No. ; line ,
United States Patent Number {g & S g [é . column ﬁﬂu ,line,
WIPO Pub. No. , line -

v

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 FIU. If the member of the public s entitied to a copy of the application file, then the file is made available through the
Public Patent Application Information Retrieval system (Pl.lbhc PAIR} on the USPTO intemet 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 appropriate fee. Such mples 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 applrcal:or:

"Eor unpublished applications that are still pending: -~

(1) If the benefit of the pending application is claimed under 35 U.S.C. 118(e), 120, 121, or 365 in another appitcatian
that has: (a) issued as a U.S. patent, or (b} published as a statutory invention registration, a U.S. patent’
application pubfication, or an international patent application publication in accordance with PCT 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.
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 intemational patent application publication in accordance
with PCT Arlicle 21(2), a member of the public may obtain a copy of the pending appligation as criginally filed.

‘A t

7L Ja/.u//‘/

Date

M (}hdf// o : . FOR PTD‘USE ONLY
= ™

Typed of pnnted name v

(2

_—

Approved by:

Registration Number, if applicable

“Zc?_'S S35 3-guod o

Telephone Number

mammﬁ]domﬂmbwqmradwarm1 11 2nd 1.14. The Information is required to obtain or retain a benefit ww%mlsmﬂle(wwmusmom
ity is g by 35 U.S.C. 122 and 37 CFR 1.11 and 1,14. This collection s estimated to take 12 minutes to complete,

guheﬁu, paring, itting the i tion form to the USPTO. Time will vary d ding upon the Indhvidual case, Any m!lmnmm!unlms

you requ Iummpld-Ihhh:rnMuuuwmmrmdmmsmm.lmdhsummhcwmmUSFuﬂdendMDchuU&

Depariment of Commerce, P.O. Box 1450, Alexandrfa, VA 22313-1450, DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS, BRING TO: File

Information Unit, Sulte mu, 2800 South Randolph Street, Arfington, Virginia. s

K you need assisiance in completing the form, call 1-800-PTO-9199 and select option 2.
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Ll FTO/SEMES (04-07)

prwm"ra fhrough 302007 OME 0651-Caa1

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Unser the Peperwark Raduciion Act of 1994, no am io reapond ko 3 eallection of infomation uniess 1 3 valid OME contrdl number.

REQUEST FOR ACCESS TO AN ABANDONED APPLICATION UNDER 37 CFR 1.14

InreApp‘icﬂenaf
mmmn
g&n&w&i&mm ’ App Number . -
B [Behsa [T LIS
Telephone: (703) 308-2733 : e / '

Paper Ne._

| hereby request access under 37 CFR 1.14{a){1)(iv) to the application file record of the above-identified ABANDONED
application, which Is not within the file jacket of a pending Confinued Prosecution Application (CPA) (37 CFR 1.53(d))
and which is identified In, or to which a benefit Is claimed, In the following decument (as shown in the attachment):

United Statas Patent Applicafion Publication Ma. : , Page, : fine

United States Patent Number column fine, or
p :

WIPQ Pub. Na. , page line

Related Information About Access to Applications Mzintained in the Image File
Wrapper System (IFW) and Access to Pending Applications in General

A member of the public, scling without 2 power to inspect, cannct order applications maintained in the IFW systam
through the FIU. If the member of the public is entitled ko a copy of the applicaiion file, then the fle is made
available through the Pubiic Patant Application Infarmation Retrieval system (Public PAIR) on the USPTO intemet
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 alsa be entitied to obtain a copy of all or part of the application fle upon payment of
the eppropdate fee, Such copies must be purchased through the Office of Pubiic Records upon payment of the

a;pmpnamfu{?r?CFRt 19(b}]
i g, a member of the public may cbisin a copy of

blished aoclicz E :
mmmmmﬂm appﬁahanasoﬂginaﬂyﬁfed;uunydmnﬂuﬂeafhepend‘mg

application. (,é
Eor unpublished scplicaiions that are stil pending:
(1) If the benefit of the cending acofication | ciaimed under 35 U.S.C. 11(e), 120, 121, or 365 in ancther

application that has: (a) ssued asa U.S. pﬂntar(b}ptb&s&dasastatutorymenﬁmmgsﬂaﬂm aU.s.
patent application publicafion, or an international patent spplication publication in accordance with PCT
Articie 21(2), a member of the public may cbtain a copy of. the fle contents; thependingappimun as
ariginally filed; or any document in the file of the pending appiication,

(2) K the epplication is incororated by reference or atherwisa identified in a U.S. patent, astamﬂfrnmm
registration, a U.S. patent application publication, or an imtemational patent application publication in
cmrd.amemFCTMbde 21(2].am='rﬁerafhe public may cbtzin a copy of the pending application as

Pegistration Number, if applicable

Talephone Number

!’h:l:b‘lecﬁmdnﬁomanmumuﬂ?c?ﬂiﬂwﬂk The irformation is required o obiain or retain 3 benerdt by the public which is to e (and by the
USPTQ 1 procass) an ap Y is gow d by 35 U.S.C. 122!“157CFR1 71 and 1.14. This collection is estimated to take 12 minutes o
c<mplete, inchuding gathedng, prup:lng and itting the apgh fonm e the USPTO. Time will vary depending upcn the individusl cas=, Any
mneﬂt:mrmedem:qmumwmmmwhmmqmmmmn-uquwwmm
U.5. Patent and Trademand'Offics, U.S. Cepartment of Commerce, B0, Bax 1450, Alexandda, VA 22313-1450. DO NOT SEh0 FEES OF COMPLETED
FOPMS TO THIS ADORESS. BRING TO: File [nformation Unit, Room 2E04, 2300 Crystal Drive, Arfington, Yirginia.
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Agyameed fr e Twoagh 07312012 OMB 0SS
u.n. ﬁutm cllxua. mﬂ! m
d crs of Poforrrasiion unies pian

REQUEST FORACCESSTDAIIABAHDO‘IEDAPPUCATIONUNDERJT CFR'I A4

Bring compiefed form fo: “Emﬂ

Flie Information Unit, Sulbe 3A20

P nomaton U Sute Daniel L. FLAMM

Arlington, VA 22206 [ Appiication Number Filed

TS O e 08/567,224 December 4, 1995

Paper No. IES

1 request accees under 37 CFR 1.1 hhmmmunmmmm

appi . which ig nof within ine nie of & pending Continued Prosscution Appiicalion {CPA) (37 CFR 1.53(d}} and

which i2 igentified In, o fo which a benefit Iz clsimed, In the Toliowing document (== shown In ihe attschment):
United States Patent Application Publication No. . page, ine .
United States Patent Number 5,965,034 , Page 1 item [63]
WIPO Pub. No. .page .Ene

Related Information About Access to Applications Maintained in the Image File
Wrapper System (IFW) and Access to Pending Applications in General

A member of ihe public, acting without a power to inspect, cannol omder appiications maintained In the IFW system through
the FIU. If the member of the public is entited fo a copy of ihe application flle. then he file Is made avallable through the
Pubfic Patend Application Information Refrieval system {Public PAIR) on ihe USPTO infemet webd site (s aspio_gov).
Terminals hat Aow access to Public PAIR are avaliabie in fhe Pubic Search Room. The member of the public may also
be entitied to obtain 2 copy of all or part of the appiicaion file mpon payment of the appropadale fee. Such coples must be
purchased through the OfMics of Public Records upon payment of the appropriate fee (37 CFR 1.13(b)).

For published applications that are sill pending, a mamber of the publc may obiain a copy ot

mnnmmemmawmmummmmmummwmum

(1) lﬂm penedt of he pending Ioaicats @aimed wider 35 U.S.C. 119(e). 120, 121, maﬁsnmm
mﬂhzgajmas:us- u:b}m;a Invention registration, 2 U.S. patent
applicaton or an inlernaltonal patent appiication publicalion In accordance with PCT Arficte 21(2), a
member of the public may obiain @ copy of. the 1 contents; the pending application as originaity flled; of any
mumemmmmenrhepemngm |

: BIENCE Of _,-.‘- geniified in a U.S. patent, a statutory Invention
@l patent appication

registration, aus T apmn publication In accordance
-ampcrmzm] amwupntuaym:emummngwmasmwm
i 1
A March 16, 2015
g Signabure
ndall S, Svihla
Typed of prinied name
56,273
REQETa60n NUMDET, f Sppicabie i W
(202) 429-0020, ext. 305 - e
Tewphone Numbar Yo"

muuulmdmnmmnﬁtumtuhmsmumm;mwmmmahuu-sbrml.aﬁub
procees] an appiication. Confidertiaiy bs mwsummnrmulmutmmnm
-gathering, pregartng, and subrriiting the UEPTO. ey ‘ll_ on the: me
mmwmmmmmumnmmwn&ummmmmmmm
Department of Comemence, P.O. Box 1450, Mlesssndiis, VA 2331450, DO NOT S8END FEES OR COMPLETED FORME TO THIE ADDRESE. BRING T

Infformadion Untt, Sulle 2420, 2850 South Rondoiph Streel, ArSinghon, Virginta

If you nead assistance in completing te o, call 1-500-PTO-0790 and select option 2.
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PTO/SE/EE (02-10)
Approved for use through 07/31/2012. OMB 0651-0031
us. Filnnllnd Trademark Office; U.S. DEPARTMENT CF COMMERCE

Under the Paperwerk Reduction Adt of 1995, no nmqm_d_wdm-mdmmnmmmnm.mmamumw.

REQUEST FOR ACCESS TO AN ABANDONED APPLICATION UNDER 37 CFR 1.14

— g " In re Application of

File Information Unit, Suite 3A20 :

2800 South Randolph Street

Arlington, VA 22206 . Apphcatlon Number Filed

Telephone: (703) 756-1800 SL{TD:Q*L\ |

Paper No.

I hereby request access under 37 CFR'.14(a)(1)(iv) to the application file record of t-J'Ie above-identified ABANDONED . -
application, which is not within 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 i

!Jn?tadl States Patent Number \-' KGE \\‘)\, . colump ] . 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 FIU. 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 intemet 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 appropriate fee. Such cepves must be
purchased through the Office of Public Records upen 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 apphcaﬂon as ang:naliy filed; or.any document in the file of the pendmg appllwt&cm .

For unpublished a hrzﬁnns that are still pendi et
(1) If the benefit o ing application is dan'ned under 35 U.S.C. 119(e), 120, 121, or 365 in another application
that has: (a) issued as a U.5. patent, or (b} published as a statutory invention registration, a U.S. patent’
application publication, or an intemational patent application publication in accordance with PCT 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) i the application is i rated by reference or otherwise identified in a U.S. patent, a statutory invention

registration, a U.S. patent application publication, ‘'or an int tional patent application publication in accordance
\x NCT Article 2H2), a member of the public may abtain a copy of the pending application as originally filed.

\Q‘ E s 22615
PANGwY

Typed' of printed nante B

P T s

Telephone Number

US.C 122 and 37 CFR 1.11 and 1.14. ﬂklmﬂeﬁunkﬁﬂ:mdlnlahﬂmummu including

nd sbmitting the ! form to the USPTO. Time will vary d upon the idual case, Any on the amount of time:
ynnmqmmammmmana«wmsmmdmmsum shouid be sent io the Chief Inforration Officer, LS. Patent and Trademark Office, LLS.
Oepadment of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. BRING TO: File

Information Unit, Sufte 3420, 2800 South Randolph Street, Arfington, Virginia,
" If you need assistance in completing the form, call 1-800-PTO-9199 and sslect option 2.

Thsw!ladlnno”riuﬂmﬁonl;requmdbyﬁcmi 11 and 1.14. The information is required o obtain or retain a benefd by the public which is 1o fle {and by the USFTO 1o
is dby 3
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us. Plten‘l
Adt of 1985, no persons are required fo respond to a i

PTO/SB/EE (02-10)
Approved for use through 07/31/2012. OMB 0651-0031
and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Lmdﬂfﬂ‘mmmnm

of information mhss!t%nvﬁw&mﬂnmbﬂ

REQUEST FOR ACCESS TO AN ABANDONED APPLICATION UNDER 37 CFR 1.14

Bring completed form to:
File Information Unit, Suite 3A20
2800 South Randolph Street

Arlington, VA 22208

Telephone: (703) 75&130@

WIPQO Pub. No.

i APRO 2 2015 .

which is identified in, or to which a benefit is claimed, in the following dor

Unrted States Patent Application Pubhczt:on No.

Unlted States Patent Number Q) é 6(3 u 1/ , column

In re Application of

F e

Applicatio
'LS@ R

Filed

4SS

) e

I 'hereby request access under 37 CFR1.14{a)(1){iv) to the applicaﬁon file record of the above-identifled ABANDONED

Paper No.

application, which is not within the file jacket of a pending C d Pre

it tion Application (CPA) (37 CFR 1.53{d)}and
(as shown in‘the attach t)
, page, line 4

. page , fine

, line,

(2

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 FIU. 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 intemet 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 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, 2 member of the public may obtain a copy of:
-the: file contents; the pending applu:.atmn as’ originally filed; or any document in the file of the pending apphcatron

For unpublished applications that are still pendi ing:
(1) If the benefit of the pending application is claimed under 35 U.5.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 intemnational patent application publication in accordance with PCT 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.
If the application is in

ted b nce or

therwise identified in a U.S. patent, a statutory invention
registration, a U.S. patent application publication, 'or an intemational patent application publication in accordance
with PCT Agticle 21(2), a member of the public may obtain a copy of the pending application as originally filed.

i

: Ke_['\ﬁ{\ | é@Lﬂ“M—\.

& _2~(r

Signature Date
e lin d e FOR PTO USE ONLY.
Typed of printed name % L PRy AR i A
47y b dh T

6 Registration Number, if applicable

) S(9-10/(8 g

Tehphnne Number

i BYz v S

3 de’f?ﬂii [.

Tnsmmdkhmﬁm.;murwwﬂw‘ 41 and 1,14. The information Is required

to obtain or retain & benefit by the public which is to fie (and by the USPTO to
Tncluding

by 35 U.5.C. 122 and 37 CFR 1.11 and 1,14, mameﬁonhssﬂrmedblahnzmmmmplm

the ind | case, on the amourt of time

tion form to the USPTO, Time will vary d

ather fing and beriting the
you requuu to wmplula this form andfor

g Upon se, Any
for reducing this burden, Mdbeunttalhe(:hdlnlwnﬁ[m Officer, U.5. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. BRJHG TO: File
Infermation Unlt, Sufte 3A20, 2800 South Randolph Street, Arlington, Virginla,

i you need assistance in completing the form, call 1-B00-PTO-8188 and seject oplion 2.

Page 127 of 130



a2» United States Patent
Flamm et al.

O 0
US006858112B2

US 6,858,112 B2
Feb. 22, 2005

(10) Patent No.:
(45) Date of Patent:

(54) PROCESS DEPENDING ON PLASMA
DISCHARGES SUSTAINED BY INDUCTIVE
COUPLING

(75) Tloventors: Daniel L. Flamm, Walout Creek, CA
(US); Georgy K. Vinogradov,
Kanagawa (JP); Shimao Yoneyama,
Yamanashi (JP)

(73) Assignee: Hitachi Kokusai Electric Co., Lid.,
Tokyo (JP) :

Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.5.C. 154(b) by 486 days.

(*) Notice:

’

(21) Appl. No.: 08/748,746

(22) Filed:  Nov. 18, 1996

(65) Prior Publication Data
US 2003/0168427 Al Sep. 11, 2003

Related U.S. Application Data

(63) Continuation-in-part of appli No. 08/567,224, filed on
Dec. 4, 1995, now abandoned =
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iocil - : Application or Docket Number
PATENT APPLICATION FEE DETERMINATION RECORD i
Effective October 1, 1995 56 ZZZ '
=4 e -
CLAIMS AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE FEE RATE FEE
BASIC FEE 375.00 | or - 750.00
TOTAL CLAIMS o?ﬁ minus 20 = | © x$11= or | x$22= ;
INDEPENDENT CLAIMS 5 - *
! ‘ minus 3 = x39= or | x78=
MULTIPLE DEPENDENT CLAIM PRESENT I
+125= || oR | +250=
* il the difference in column 1 is less than zero, enter “0" in column 2
. TOTAL or TOTAL 2 EZ)\
CLAIMS AS AMENDED - PART lI , OTHER THAN
(Column 1) (Column 2) "{Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST i .
< REMAINING NUMBER PRESENT ADDI- ADDI-
= AFTER PREVIOUSLY | EXTRA RATE | TIONAL RATE | TIONAL
E AMENDMENT PAID FOR FEE FEE
E - = ] #w
g Total Minus = x$11= OR.| x$22=
E |independent Minus O = X39= or| x78=
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM +125= oRr | +250=
TOTAL OR TOTAL
(Column 1) (Column 2) (Column 3) ADOIT. FEE ADDIT. FEE
CLAIMS HIGHEST
m REMAINING NUMBER PRESENT ADDI- ADDI-
= AFTER PREVIOUSLY EXTRA RATE TIONAL RATE TIONAL
E AMENDMENT PAID FOR FEE FEE
g Total * Minus - e x$11= OR | x$22=
=z
% Independent| * Minus s = X30= OR | x78=
<
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM +125= oR | +250=
TOTAL OR TOTAL
(Column 1) (Column 2) {Column 3) ADDIT. FEE ADDIT. FEE
CLAIMS HIGHEST ;
(3] REMAINING NUMBER PRESENT ADDI- ADDI-
= AFTER PREVIOUSLY EXTRA RATE | TIONAL RATE | TIONAL
E AMENDMENT PAID FOR FEE FEE
E Total x Minus il - x$11= OR | x$22=
=z
% Independent| * Minus b 5 x39= OR| x78=
<T
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM +125= OR | +250=
* If the entry in col 11s less than the entry in column 2, write “0” in column 3. 10
oS s pohey i s e o iy ol e O D i T OR o TOAL
***If the "Highes! Number Previously Paid For" IN THIS SPACE Is less than 3, enter "3." i ADBIT. F
The “Highest Number Previously Paid For® (Total or Independent) is the highes! number found in the appropriate box in column 1.
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(Rev. 10/35)
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