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- PROCESS DEPENDING ON PLASMA DISCHARGES SUSTAINED
' " BY INDUCTIVE COUPLING

| BACKGROUND OF THE INVENTION

5 ' ~ This invention relates. generally_ to plasma processing. More ,
particularly, the invention is for plasma pro‘cessing of devices using an inductiVe B
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
apphcablhty Merely by way of example, the invention also can be applied in
other plasma etching applications, and deposmon of materials such as silicon,

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

Plasma processing techniques can occur in a variety of

15 semiconductor manufacturmg processes. Ekamples of plasma processmg
techniques occur in chemical dry etching (CDE) 1on-ass1sted etching (IAE). and
plasma enhanced chemical vapor deposmon (PECVD), including remote plasma
deposition’ (RPCVD) and ion-assisted plasma enhanced chemical vapor deposmon
(IAPECVD) These plasma processing techmques often rely upon radio frequency

20 power (rf) supplled to an inductive coil for prov1dmg power to gas phase species in |
formmg a plasma. ' ’ v |

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

- purposes of removing or forming films in the manufacture of integrated circuit
devices. For instance, chemical dry etchiné genemlly depends on gas-surface
25 ~ reactions mvolvmg these neutral species w1thout substantxal ion bombardment.

In other manufacturmg processes, ion bombardment to substrate
surfaces is often.undcsrrable. ~This ion bombardment, however, is known to have -
harmful effects on properties of material layers in devices and excessive ion
bombardmentﬁ flux and energy can lead to intermixing of materials in adjacent |

30 device layers, breaking down oxide and "wear out," injecting of contaminat_iye‘
material formed in the processing environment into substrate material layers,

harmful changes in substrate morphology (e..g. amophotization), etc.

Page 13 of 139
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Ion assisted etchirig processe_s,. ‘however, rely upon ion bombardment
to the substrate surface in defining selected films. But these ion assisted etching
processes commonly have a lower selectivify' relative to conventional CDE

processe's' ‘Hence, CDE is s often chosen when hlgh selectivity is desrred and ion-

~ bombardment to substrates are to be av01ded

One commonly used chemncal dry etchmg technique is conventlonal
photoresist strlppmg, often termed ashmg or strlppmg Conventional resist
stripping relies upon a reaction between a neutral gas phase species and a surface
material layer, typlcally for removal. Thlséreactlon 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 example 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 "Steinbferg et al.

Referring to the above, an objective in chemical dry etching is to
reduce or even eliminate ion bombardment'l((‘)r ion flux) to surfaces being
processed to maintain the desired etchihg sélectivity In practice, however it is
often difficult to achieve usmg conventlonal techmques ‘These conventional
techmques generally attempt to control ion flux by suppressmg the amount of
charged species in the plasma source reachmg the process chamber. - A variety of |
techmques for suppressing these charged spemes have been proposed.

These techmques often rely upon shields, baffles, large separation

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

the plasma source and the process chamber The conventional techniques

: generally attempt to directly suppress charge den51ty downstream of the plasma

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

They tend to promote recombmatlon of charged species by either i mcreasmg the

‘surface area (e.g., baffles,’ etc.) relative to volume or increasing flow time, which -

relates to 1ncreasmg the dlstance between the plasma source and the prooess

chamber '
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These baffles, however, cause loss of des1rable neutral etchant
species as well. The baffles, shields, and ahke also are often cumbersome
Baffles, ;shlelds, or the large separation drstances: also cause undesnrable
recombinative loss of active species and sornetimjes cause radio frequency power
loss and other prdblems These baffles and shields also-are a potential source of
partlculate contamination, which is often damagmg to integrated circuits. |

Baffles, shields, spatral separatlon 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 Itis commonly known that

~ when initial charged specres levels are present 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 poténtials are present; the parasitic plasma in the vicinity of the
process wafer can reach ,ha‘rmful' 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 extractlon of charge from the plasma source. Hence, their presence
often mduces increased levels of charge to be irregularly transported from the
plasma source to process substrates thereb)l causmg non-uniform ion assisted
etchmg !

Co‘nventional ion assisted plasma etching, however, often requires

“control and maintenance of ion flux intensity and uniformity within selected

process flimits and within selected process energy ranges.. Control and maintenance .
of ion flux intensity andvuniformity are often difficult to achieve using conventional
techniques. For instance, capacitive coupling between high voltage selections -
of the corl and the plasma discharge often cause htgh and uncontrollable plasma

potenttals relative to ground It is generally understood that voltage drfference
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between: the plasma and ground 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. Heriée, the energy of charged particles
from plasma in conventional inductive sources is spread over avrelatively wide
range of energies, which undesirably tends to introduce uncontrolled variations in
the processing of articles by the plasma.

The voltage difference between the region just outside of a plasma

~ source and the processmg chamber can be modlﬁed by introducing. internal
conductive shlelds or electrode elements into the \processing apparatus downstream

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

electrodes, however, there is a tendency 10 generate an undesirable capacitive

, drscharge 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 capacit_ive discharge (io‘n»bombardmen't 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 holés therein as structural elements These small holes are designed
to allow gas to flow therethrough. The small holes however, tend to introduce”
unwanted pressure drops and neutral specres recombmatlon If the holes are made
larger, the plasma from the source tends to survive transport through the holes and
unwanted downstream charge flux will often result. In addition, undesirable
dlscharges to these holes in shields can, at times produce an even more
undesirable hollow cathode effect

' In conventional helical resonator des1gns conductive external
shields are interposed between the inductive power (e.g., coil, etc.) and walls of .
the vacuum vessel containing the plasma. A variety limitations with these external
capacitive shrelded plasma desrgns (e.g., helical resonator inductive discharge,

etc.) have been observed In pamcular, the capacmvely shielded design often

!
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produces plasmas that are dlfﬁcult to tune and even ignite. Alternatively, the use
of unshrelded plasma sources (e.g., conventlonal quarter-wave resonator,
conventional. half-wave resonator, etc.) attama substantial plasma potentral from

capacitive couplmg to the coil, and hence are prone to create uncontrolled. parasmc

_ plasma currents to grounded surfaces. Accordmgly, the use of either the shielded

or the unshielded: -sources using conventlonal quarter and half-wave rf frequenc1es
produce undesnrable results.

| In many conventional .plasma sources a means of cooling. is required
to maintain the plasma source and substratesbeing treated below a maximum |

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

,mcreases the difficulty and expense of 1mplement1ng effective cooling means.-

Inductive currents may also be coupled from ithe excitation coil into internal or
capacitive shields and- these currents are an addmonal source of undesirable power

loss and: heatmg Conventxonal capacitive shleldmg in helical resonator dlscharges

utilized a shield which was substantially spllt along the long axis of the resonator

to lessen eddy current loss. - However, such a shleld substantially perturbs the
resonator characterlstlcs owing to unwanted capacmve couplmg and current which
flows from the coil to the shield. Since there are no general design equatlons nor
are properties ‘currently known for resonators which are "loaded" with a shield

alongt‘h_e axis, sources using this design must be sized and made to work by trial

and error.

In inductive dlscharges it 1s hlghly desirable to be able to

substanually control the plasma potentlal relat1ve to ground potent1a1 1ndependent

'of 1nput power, pressure gas composmon and other variables. In many cases, it

is desired to have the plasima potennal be substantlally at ground potential (at least

- offset from ground potentlal by an amount 1ns1gmﬁcantly different from the

floating potentlal or intrinsic DC plasma’ potentlal) 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
. He T z ,

in the reaction zone are desirably reduced to avoid charging damage from electron
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or ionic'current from the plasma to the device. When there is a substantial
potential 'differencfe between plasma in the source and grounded surfaces beyond
the source, there i is a tendency for unwanted parasrtic plasma discharges to form
outside of the source region.’ ’

* Another undesirable effect of potenttal difference is the acceleration

of ions toward grounded surfaces and subsequent impact of the energetic ions with

* surfaces. High energy 1on bombardment may cause lattice damage to the device

substrate being processed and may cause . the chamber wall or other chamber
materials to sputter and contammate device wafers. In other plasma processmg

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

the case partlcularly for anisotropic 1on—mduced plasma etching procedures (for a

discussion of 1on-enhanced plasma etching _mecha,msms &: Flamm (Ch. 2,pp.94-
183 in ﬁlasma Etching, An Introduction, D! Y'M. Manos and D.L. Flamm,‘ eds.,
Academic Press, 1989)). Consequently, uncontrolled“po'tential differences, such as
that caused by "stray" Capacitive 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 conventlonal plasma enhanced CVD techniques.
These techmques commonly form a reactior of a gas composition in a plasma
dlscharge One conventlonal plasma enhanced techmque relies upon ions aiding in -
rearranging and stabilizing the film, prov1ded the bombardment from the plasma is
not sufﬁciently eliergetic to damage the underlylng substrate or the growing film.
Conventional resonators and other types of induetiVe discharges often produce -
parasitic 'plasma currents, from capacitive coupling, \yhich often detrimentally

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

- are often uncontrollable, and highly undesrrable These plasma sources also have

30

drsadvantages in other plasma processing techmques such as ion-assisted etching,
and others. - Of course, the particular disadvantage will often depend-upon the
application. | s - a

To clarify certain concepts used in thrs application, it will be

convement to mtroduce these deﬁmtions

Page 18 of 139
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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 mtenuonally 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
definition. In 1mplementauons 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 hrgh 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 deﬁmuon 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 RFi generator with a balanced transmission -

line RF feed, "ground" potential is the average of the driven feed -
line potentials at the pomt where the feed lines are coupled to the
plasma source. :

Intluctively 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 tlme-varymg magnetic flux induces an

electromotive force in accord with Maxwell’s equations. - This
electromotive force induces motion by electrons and other charged

o pamcles in the plasma and thereby imparts energy to these particles.

\ I
RF inductive power source and bias power supply: In most
conventional inductive plasma source 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 1gn1ted at low pressure) by an rf power
generator s A ‘

' ‘Conventlonal Helical Resonator Conventlonal hellcal resonator can

be ‘defined as plasma’ appllcators 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 4 368,092 in the name of
Stetnberg etal., 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 Mlller and others. In these
conﬁguratlons one end of the helical resonator applicator coil has
been grounded to its outer shleld -In one conventional
conﬁguratlon 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 cconventional configuration, a half-
wavelength helrcal 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 possnblltty of couplmg stray current to nearby objects. "
See U.S. Patent No. 4 918 031
: . [
Conventronal resonators have also been constructed in other.
geometrical conﬁguratrons 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 cylmdrlcal coil is; entirely deformed into a planar
spiral arrangement with no hellcal coil component along the
sidewalls of the plasma source (this geometry has often been
referred toasa transformer coupled plasma,” termed a TCP).

From the above it is seen that an improved techmque 1nclud1ng a

method -and apparatus for plasma processmg is often desired.

SUMMARY OF THE INVENTION

The present invention prov1des a technlque mcludmg a method and .

apparatus, for fabncatmg a product using a plasma discharge. The present
technique relies upon the control of the 1nstantaneous plasma AC potential to

selectively control a vanety of. plasma characterlstlcs ‘These characteristics



- 10

15

20

25

30

9 16655-003000

include the amount of neutral species, the arnfount of charged species, overall

plasma potential, the spatial extent and distribution of plasma density, the

distribution of electrical current and other‘s Thrs technique can be used in
applications including chemical dry etchmg (e g, strlppmg, etc.), ion- _enhanced
etching, plasma i immersion ion rmplantation chemlcal vapor depos1t10n and
material growth, and’ others. ‘

In one aspect of the mvention a process for fabricatmg a product is

- provided. These products include a varretres ‘of devices (e.g., semiconductor, flat

 panel drsplays mlcro-machined structures, etc. ) and materials, e.g., dramonds 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 dlscharge excited by a hlgh frequency field in which the

vector sum of phase and antr-phase capacrtrve coupled ‘voltages (e.g., AC plasma
voltage) from the inductive coupling structure substantlally balances. This process

provides for a techruque that is substantrally free from stray or parasmc capacmve

| coupling from the plasma source to' chamber bod1es (e.g., substrate, walls, etc.) at

or near ground potential. , | :
In another aspect of the invention “another process for fabricating a

product is provrded The process mcludes steps lof subjecting a substrate to a

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

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

vector sum of phase and ariti-phase capacmve coupled voltages from the mductive

coupling structure is selecuvely ‘maintained. Thrs process provides for a techmque

that can selectively control the amount of capacmve couplmg to chamber bodies at

or near ground potential. . _

A further aspect of mefinyention provides yet another pr_ocess for
fabricating a'product. " This process‘ includes steps of subjecting a substrate to a
cornposition of entities' 'At least ‘one 'of the‘ entities ernanates from a species

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

‘vector sum of phase and antr-phase capacmve coupled voltages from the inductive

couplmg structure is selectlvely mamtamed A further step of selectively applymg

Page 21 of 139
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a voltage between the at least one of the entmes 1n the plasma source and a
substrate is provided. This process provndes for a technique that can select1ver
control the amount of capacitive couplmg to chamber bodies at or near ground
potential, and provrde for a driving' voltage between the entities and a substrate.

Another aspect of the mventlon prov1des another process for -

fabrlcatmg a product The pr_ocess comprises steps of subjecting a substrate to a

composition of entities and using the reSultinlg‘substrate for completion of the
product. At least one of the entities emanates from a species generated by a
gaseous discharge provided by a plasma applicator, e.g., a helical resonator,
inductive coil, transmission line, etc. Th:is‘:plasma applicator has an integral
current driven. by capacitive coupling of a plasma column to elements with a
selected potential ‘greater than a surroundmg shield potential substantially equal to

capacitive coupling of the plasma column to substannally equal elements with a

In a further aspect the. mventton provrdes an apparatus for - |
fabricating a product The apparatus has an enclosure comprising an outer surface
and an inner surface The enclosure houses a gaseous drscharge The apparatus
also mcludes a plasma appltcator (e.g., hellcal coil, inductive coil, transmission
line, etc.) disposed adjacent to the outer surface. A high frequency power source
operably coupled to the plasma applicator iséincluded. The high frequency power
source provides high frequency to excltegthe"gaseous discharge to provide at least’
one entity from a. hrgh frequency ﬁeld in Wthh the vector sum of phase and anti-
phase capacitive current coupled from the mductrve couplmg structure is
selectively maintained. . -i '

| In another aspect the present invention provides an improved
plasma dlscharge apparatus This plasma dlscharge apparatus includes a plasma
source, a plasma appltcator (e.g., inductive c01l ‘transmission line, etc.), and other
elements. This plasma applicator provides a de- coupled plasma source. A wave
adjustment circuit (e. g RLC circuit, coil, transmtssron line, etc.) is operably
coupled to the plasma appllcator The wave adjustment 01rcu1t can selecnvely

adjust phase and anti- phase potenttals of the plasma from an rf power supply. This
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-rf power supply 1s operably coupled to the wave iiadjustrnent circuit.

The present invention achieves these benefits in the context of

known process technology However, a further understandmg of the nature and

advantages of the present mventton may be real1zed by reference to the latter

~ portions; of the specrﬁcatton and attached drawmgs

‘ .: BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a simplified diagrar‘n of a plasma etching apparatus’
according to the present invention; ‘ | ‘ |

ths 2A-2E are srmplrﬁed eonﬁgurattons using wave adJustment
circuits accordmg to the present mventron

‘Fig. 3isa srmpltﬁed diagram of a chemlcal vapor deposition
apparatus accordmg to the present mventron ' '
Fig. 4isa 51mpl1ﬂed dragram of a strrpper according to the present
invention; . : .

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

Fig. 6is a conventlonal quarter—wave helical resonator plasma

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

conventional desrgn : ’

th Tisa srmpllﬁed dragram of the rf voltage distribution along the
corl of the Fig. 6: apparatus , ,

th 8isa srmplrﬁed top v1ew dlagram of a stripping apparatus
according to the present experrments and . _

Fig. 9is a srmplrﬁed srde -view diagram of a stripping apparatus

accordmg to the present experrments

DETAILED DESCRIPTION OF THE INVENTION |
Fig. 1 is a simplified diagrarn of a plasma etch apparatus 10
according to the present inivention. This?ett'::hE apparatus is provided with an

inductive applieatfor, e.g., inductive coil. This etch apparatus depicted, however,
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is merely an illustration, and should not llmtt the scope of the claims as defined
herein. ‘One of ordinary skilled in the art may 1mplement the present invention
w1th other treatment chambers and the hke l o

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

exhaust 16 a pedestal 18, an mductrve appllcator 20, a radlo frequency (rf) power

_source 22 to the 1nductlvc applicator 20, wave adjustment circuits 24, 29 (WACs),

10

15

20

25

30

Page 24 of 139

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 sultable chamber capable of housing a
product 28, such as a wafer to be etched and for providing a plasma drscharge
therein. " The chamber can be a domed chamber for providing a uniform plasma
dlstrrbutlon over the product 28 to be etched but the chamber also canbe
configured in other shapes or geometrles e g flat ce1lmg, truncated pyramid,
cylmdrrcal rectangular, etc. Dependlng upon the application, the chamber is
selected to produce a umform enttty den31ty over the pedestal 18, prov1d1ng a high
density’ of entltles (i.e., etchant spec1es) for' etchmg uniformity.

' T he present chamber’ lncludes ‘a dome 25 having an interior surface
26 made‘ of quartz or other su1table materials. The exterior surface of the chamber
is typlcally a dlelectrlc material such as a ceramic or the llke Chamber 12 also
includes a process kit with'a focus ring 32, a cover (not shown), and other
elements. Preferably, the plasma dlscharge is derlved from the inductively coupled
plasma source that is a de coupled plasma source (DPS) or a hehcal resonator, '
although other sources can be employed _ i

The de- coupled source orlgmates from rf power derrved from the

' mductlve apphcator 20. Inductively coupled power is derived from the power

source 22. The rf signal frequencies - rangmg from 800 kHz.to 80 MHz can be
provrded to the 1nduct1ve applrcator 20. Preferably, the if srgnal frequencies range
from 5 MHz to 60 MHz. The mductlve appltcator (e.g., coil, antenna,
transmrss1on lrne etc.) overlymg the chamber cellmg can be made using a varlety
of shapes and ranges of shapes For example the inductive applicator can be a

single mtegral conductive ﬁlm a transmission lme or multtple coil windings. The
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shape of the 1nduct1ve appllcator and 1ts locatlon relatlve to the chamber are

selected to provrde a plasma overlymg the pedestal to 1mprove etch uniformity.

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

inductive applicator 20 operatlng at’ selected phase 23 and anti-phase 27 potentlals

(i.e., voltages) that substantially cancel eachgother. The controller 36 is operably

coupled to the wave adjustment circuits 24, 29. In one embodiment, wave
adjustment circuits 24, 29 provide ‘an'ind_uctive applicator operating' at full-wave
multiples 21. This embodlment of full-wave multiplecperatlon provides for
balanced capacitance of phase 23 and anti-phase voltages 27 along the inductive .
applicatOr (or coil adjacent to the plasma)-' 5'This’full -wave multiple operation
reduces or substantlally ellmmates the amount of capacmvely coupled power from

the plasma source to chamber bodres (e g.. pedestal ‘walls, wafer, etc.) at or close |

to ground potentral. Alternatively, the wave adjpstment circuits 24, 29 provide an

inductive applicatcr that isveffectively made' shorter or longer than a full-wave
lengt‘hvmultiple by a selected amount, thereby opierating atselected phase and anti-
phase voltages that are not full-wave m'ulti_p‘les. Alternatively, more than two, one
or even no wave adjustment circuits can be provided in other embodiments. But in
all of these above embodirnents the phase and anti-phase potentials substantially

cancel each other, thereby providing substantlally no capacmvely coupled power :

from the plasma source to the chamber bodies.

In alternative embodiments; the wave adjustment circuit can be

‘conﬁgured to prov1de selected phase and antr-phase coupled voltages coupled from

the 1nduct1ve appllcator to the plasma that do not cancel. This provides a
controlled potentlal between the plasma and the chamber bodles e.g., the

substrate, grounded surfaces, walls, etc. In one embodlment, the wave adjustment

~ circuits can be used to selectively reduce c'u'rrent: (i.e., capacitively coupled

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

regions of the inductive applicator_ to the plasma*are positioned (or kept) away

from the plasma region (or inductor-containing-the-plasma region) by making them
go into the wafer'adjustment_circuit assemhlies, which are typically configured

outside of the plasma region. In this. embod;ivment, capacitive current is reduced

i
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and a selected degree of symmetry between the phase and anti-phase of the coupled
voltages is mamtamed thereby providing a selected potential or .even substantially
ground potentlal In other’ embodiments, the wave adJustment circuits can be used
to selectively 1ncrease current (i.e., capacmvely coupled current) to the plasma.

As shown the wave adjustment c1rcu1ts are attached (e g.,
connected, coupled, etc.) to ends of the inductive appllcator. Alternatrvely, each

of these wave adjustment circuits can’be 'att’ached at an intermediate position away

" from the inductive application ends. Accordingly, upper and lower tap positions -

for respecttve wave adjustment c1rcu1ts can be adjustable But both the inductive

apphcator porttons below and above each tap posmon are active. That is, they
both can interact with the plasma discharge. B
' A sensing apparatus can be used t0 sense plasma voltage and use

automatic tumng of the wave adjustment circuits and any rf matchmg circuit

‘between the rf generator and the plasma treatment chamber. This sensing

apparatus can maintain the' average AC potentlal ‘at zero or a selected value relative
to ground or-any other reférence value ThlS wave adjustment circuit prov1des for
a selected potenttal difference between the plasma source and chamber bodies.
These chamber bédies may be at a ground potentlal ora potentlal supplied by

another bias supply, e.g., See F1g 1 reference numeral 35." Examples of wave

adjustment’ circuits are descrtbed by way of the ths 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_claimsv herein. Inan embodiment,
these wave adjustment circuits employ subStantially’equal circuit elements (e.g.,

inductors, capacntors transmission line sectlons and others) such that the electrical

length of the wave adJustment circuits in serles w1th the 1nduct1ve appltcator

couplmg power to the plasma is substannally an mtegral multtple of one
wavelength In other embodiments, the c1rcu1t elements provide for mductlve
apphcators at other wavelength multiples, €. 3-8 one-snxteenth -wave, one-eighth-
wave, quarter-wave half—wave three- quarter wave etc. In these embodlments

(e.g., full-wave multlple half-wave quarter—wave etc.), the phase and antt-phase |
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relatlonshlp between the plasma potentlals substantlally cancel each other. In
further embodlments the wave adjustment crrcmts employ circuit elements that

provide plasma applrcators with phase and. rantr phase potentlal relationships that do

- not cancel each other out usmg a variety of iwave length portions.
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Flg 2A is a simplified 1llustratron of an embodiment 50 usmg 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
uppe_r.w'ave 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 line portion 69 outside of the plasma source region 60. Lower

~Wwave adJustment circuit 59-also is a helical conl transmlssmn line portion 67

outsrde of the plasma source reglon 60. The power supply 61 is attached 65 to’

*this lower helical'coil pomon 67, and is grounded 63 Each of the wave

adjustment c1rcu1ts also are shielded 66, 681 :

In thrs embodiment, the wave adjustment crrcults are adjusted to
provide substantially zero AC voltage at one pomt on the inductive coil (refer to
pomt 00 in Fig. 2A). This embod1ment also provides substantrally equal phase 70
and antr-phase 71 voltage dlstrlbutrons in dlrectrons about this point (refer to 00-A
and 00-C in Fig. 2A) and provides substantrally equal capacitance coupling to the
plasma from physical inductor elements (OO-C) and (OO—A) carrying the phase and
anti-phase potentials. Voltage distributions OO—A and 00-C are combined with C-D- .
and A-B (shown by the phantom lines) would substantlally comprise a full-wave

voltage d1str1but10n in this embodlment where the desired configuration is a

'selected phase/annphase pOI‘thl’l of a full- wave mductor (or helical resonator)

surroundmg the plasma source dlscharge tube !

In thlS embodrment it is de51rable) to reduce or minimize capacmve
coupling current from the inductive element to the plasma discharge in the plasma
source. Since the capacitive current increases mbnotonically with the magnitude of
the di_fferenc_e of peak phase and anti-phase’voltages, which occur at points A and
C in Fig. 2A, this coupling can be lessene'd: by reducing this vdltage difference. In

Fig. ZAE, for example, it is achieved by way of two wave Eadjustm'ent circuits 57,
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- 59. C0i1‘55 (or discharge‘source) is a helical res;onator and the wave adjustment
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- wave helical resonator.

selected 'to comprise a portion (27-x) ‘of full-wave helical resonators.

practical physical?'dimensio'ns and apr‘)‘ropriatei Q, 'Zo, etc values.

crrcults 57, 59 are helical resonators.

The discharge source helrcal resonator 53 can be constructed using
conventronal design formulae Generally, thrs helical resonator mcludes an
electrlcal length which is a.selected phase portron "x" (A to 00 to C) of a full-
“The helical resonatbr wave adj.ustment circuits are each
, Physical
parameters for the wave adjustment helical resonators can be selected-to realize

In particular,

- some or even all of the transmrssron line parameters (Q Z;, etc.) of the wave

adjustment crrcurt sections ‘may be selected to be substantially the same as the
transmission lme parameters of the inductive applicator. The portion of the
inductive plasma applicator helical resonator, on the other hand, is designed and
sized to provide selected uniformity values o'ver substrate dimensions within an
economical equipment size and reduced Q. |

| The wave adjustment cir‘cuit* provides for external rf power
couplmg, which can be used to control and match power to the plasma source, as
compared to conventional techmques used i m helrcal resonators and the like. In
partrcular conventional techmques often match to, couple power to, or match to
the 1mpedance of ithe power supply to the hehcal resonator by varying a tap
posrtron along the coil above the grounded posmon or selecting a fixed tap

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

.posmon using a conventronal matching network, e g., LC network, 7 network

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

cumbersome and generally imposes a dtfﬁcult mechanical design problems. Using -
the ﬁxed tap and external matchmg network also is cumbersome and can cause
unanticipated changes in the drscharge Q and therefore mfluences its operating
mode and stability. In the present embodxments the wave adjustment circuits can
be posmoned outside of the plasma source (or constramed in space containing the
inductive coil, e.g., See Frg. 2A. Accordrhgly,';the mechamcal design (e.g.,

means for varying tap position, change in the effective rf power coupling point by
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electrlcal means, etc.) of the tap posmon are 51mp11ﬁed relatrve to those

In the present embodlment rf power is fed into the lower wave
adjustment c1rcu1t 59. Alternatlvely, rf power can be fed into the upper wave
adJustment c1rcu1t (not shown) "The rf povt}er also can be coupled directly into the
inductive plasma couplmg apphcator (e.g., coxl etc ) in the wave adjustment
circuit design, as illustrated by Fig. 2B. Alternattvely, other application will use a
single Wave adjustment circuit, as illustrate"dhy Fig 2C. Power can be coupled

into this wave adjustment c1rcu1t or by conventlonal techniques such as a tap in the

coil phase In some embodiments, this tap m the coil phase is positioned above the

grounded end. An external 1mpedance matchmg network may then be operably

" coupledito the power for satlsfactory power: transfer efﬁcrency from for example,

a conventional coaxial cable to impedances (current to voltage rations) exrstmg
between the wave adjustment circuit termmated end of the applicator.’
A further embodlment usmg multlple inductive plasma applrcators

also is provrded as shown ‘in Fig. 2D.. Thls embod1ment includes multiple plasma

-'appltcatOrs (PAL; 'PA2.. .PAn). These plasma appllcators respectively. provide

selected combinations of 1nduct1vely coupled power and capac1t1vely coupled power

from respectlve voltage potentials (Vl V2 Vn) Each of these plasma -
appllcators derives power from its power souroe (PSl PS2...PSn) either dlrectly
through’ an appropriate matchlng or couphng 'network or by coupling to a wave
adjustment circuit as descrrbed Alternatlvely, a. smgle power supply using power
sphtters and impedance matchmg networks can be coupled to each (or more than
two).of the plasma appllcators Alternatrvely, more than one power supply can be
used where at least one power supply is shared among more than one plasma
applrcator Each’ power source is coupled to 1ts respectrve wave adjustment
circuits (WAC1, WAC2...WACn). . |
Generally, each plasma appllcator has an upper wave adjustment
circuit (e g., WAC la, WAC 2a.. WACna) and a lower wave adjustment circuit -
(e.g., WACIb WAC 2b...WACnb). The combmatron of . upper and lower wave

adjustm_ent circuits are used to adjust the p;las_ma source poteéntial for each plasma

i
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source.zone. Alternauvely, a smgle wave ad_]ustment crrcurt can be used for each
plasma applrcator Each wave adjustment crrcurt can provrde substantially the
same 1mpedance characterlstrcs or substannally distinct 1mpedance characteristics.
Of course, the particular conﬁguranon usedf w1ll depend upon the application.

For mstance multiple plasma appllcators can be used to employ

distinct CXCltathIl frequencres for selected zones in a var1ety of applications.

_ These appllcatlons 1nclude ﬂlm deposmon usmg plasma enhanced chemical

deposition, etchmg by way of ion enhanced: etchmg or chemical dry etching and
others. Plasma cleaning also can be performed by way of the multrple plasma
applicators. Specrﬂcally, at least one of the plasma applicators will define a

cleaning plasma used for cleamng purposesi In one embodlment this cleamng

plasma can have an oxygen containing specles ThlS cleaning plasma is defined by

using an oxygen discharge,?'whvich is susta_ihéd by microwave power to a cavity or
resonant microwave chamber abutting or slijrrfoun:ding a conventional dielectric ,
vessel. Of course, a variety of other proceSSes also can be performed by way of
this multiple plasma appllcator embodrment

This present: applrcatron usmg mulnple plasma applicators can :

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

: conventlonal mechanical separation means (e g, bafﬂes separate process

chambers etc ). ‘Alternatively, the degree' Of mteractlon between adjacent zones or
chambers can be relaxed owmg to the use of voltage potential control via wave
adjustrment c1rcu1ts This plasma source provrdes for multiple plasma source
chambers each with its own control via ltu own plasma appllcator Accordingly,
each plasma appl1cator prov1des a physrcal zone reglon (i.e., plasma source) with
selected plasma characteristics (e g., capacmvely coupled current, inductively
coupled current, etc.). These zones can be used alone or can be combined with
other zones. Of course, the particular conf:lguratron‘ will depend upon the
application. ‘ o ; | | |

. In the present embodiments, | lhe wave adjustment circuit can be

made from any surtable comblnatlon of element(s) such as various types of

transmrssron llnes crrcurts etc. These transmlssron lmes mclude conventional

i . . :!i
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solid or air dielectric coaxial cable, or or'dina_ry, .repeating inductor/capacitor

discrete approximations to transmission lines, and others. These types of

~ _transmission lines are co-axial transmission lines, balanced parallel transmission
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lines, so called slow wave transmission lmes w1th a spiral inner conductor (e.g.,

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

-fixed, or adjustable combmauons of resxstors capacrtors and inductors (e.g.,

matchmg networks etc.) also can be used m place of transmission line sections for

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

.frequency dependent, and can be termed frequency dependent wave adjustment

circuits (or FDWACsS). , v

Frequency independent elements also can be used as the wave
adjustment circuits. These: wave adJustment Cll'CUltS can be termed frequency
independent WACs (or FIWACsS). Frequency mdependent wave adjustment
circuits include degenerate icases such as short—cnrcunt connections to ground or an
infinite impedance (i.e., open circuit), and pthers. Frequency independent wave
adjustment circuits can be used alone, or in; comhinatien 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 application ' _
Wlth regard to operauon of the wave adjustment circuits, various’

embodlments can be used, as illustrated by Flg 2E. The wave adjustment circuits

- are used to select a wave length portion to, be appl1ed in the plasma applicator. In

25

30

some embodlments the average rf plasma 'potentlal is mamtamed close to ground
potentlal by providing substantlally equal phase 90 81 and antl-phase 01, 82
capacmvely coupled pOI‘thIlS of the mductlve apphcator This can occur in multi-
wave embodlments 92, full -wave embodtments 93 half-wave multiple
embodiments, quarter -wave multiple embodlments or any other embodiments 94.

In alternatlve embodlments, -1t is desirable to maintain an elevated

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

plasma flux (or ion bombardment) to the pr‘bduct substrate (or any other chamber

Page 31 of 139
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bodies).. These: embodlments are prov1ded by selectmg distinct electrical lengths

for each of the wave adjustment circuit sectlons such that the capacitive coupled

current from a phase section of the mductlve plasma appl1cator is in excess of

capacmve coupled current from its antl-phase pomon In these embodiments, the

“wave adjustment circuit prov1des a dellberate 1mbalance between the phase and

anti-phase of the coupled voltages. In some embodlments 97, this occurs by
shifting the zero voltage nodes along the proceSSgchamber axially, thereby

achieving a bias relative to the plasma discliarge.% As shoyv.n, the phase 95 is

‘imbalanced relatiye to its anti-phase 96. Inii other embodiments 99, one phase

portlon 84 is imbalanced by way of a dlfferent perlod relative to its complementary

phase portron 85. Other embodiments are’ prov1ded where the source plasma

 voltage is lower relative to ground potentlal "In the embodlments were imbalance

is desirable, the potentlal difference between the 'phase and antl—phase potential
portrons is reduced (or minimized) when the amount of sputtermg (e.g., wall
sputtermg, etc.) is reduced. The amount of sputtermg, however, can be increased
(or-maximized) by increasing the potential;differjence between the phase arid anti-
phase potential portions. Sputtering is desirable in, for example, sputtering a 4
quartz target cleaning applications, and others (Of course, the type of operatlon
used will depend upon the application. '

Current maxnma on an 1nduct1ve applicator with dlstrlbuted
capacuance (e.g., helical resonator transmlssmn lrne etc.) occur at voltage
minima. In partlcular conventronal quarter-wave helical resonator current is

substantlally ata relatlve maxnmum at its grounded end of the coil, and to a lesser’

extend i 1n the nearby coil elements Therefore partlal mductlve couplmg of

power, 1f it occurs will tend to be at this grounded end. In convent10nal half-
wave hellcal resonators mductlve couplmg tends to occur at each of the two
grounded ends. ' '

In the present invention, substantlally ant1 -symmetric phase and anti-
phase inductwe half-wave and other fractlonal wave app_llcator sections support
substantially more inductive couplin'g ata 'selected rf voltage node, e.g., Fig. 2A

reference numeral 00. This effect is cause'd'by high current flow in the inductor

A
of
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applicator zones (or sections) both directly"above' and below the node

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

-1mmed1ately adjacent to the rf voltage zero pomt) It should be noted that

: conventional quarter and half-wave mductrvely coupled inductive applicators have

inductive coupling which abruptly declines below the grounded coil locations
because the coil terminates and voltage extrema are present at these locations.

This generally produces conventional quarter and half-wave helical resonators that
tend to operate 1n a capacmve mode or with a substantial fraction of power which
is capacitively coupled to the plasma, unless the plasma is shtelded 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 f power source can be any suitable rf -generator capable of providing a

selected or contmuously variable frequency 'm a range from about 800 kHz to
about 80 MHz. Many generators are useful Preferably, ‘generators capable of
operating into short and open—crrcuit loads w1thout damage are used for mdustrial
applications. One example of a suitable generator is a fixed frequency rf generator
28.12 MHz - 3 kW CX-3000 power supply made by Comdel, Inc of Beverly,
Massachusetts. A suitable variable frequency power supply arrangement capable
of the 3 kW output over an 800 kHz to 50 MHzirange can be made by driving an
IFI Model TCCX3500 ngh Power Wide Band Ampllfier 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 transmissmn hne lAn example of this transmiss1on
line is’ RG8/U and other higher temperature rated cable (e.g., RG1151U, etc. ) with
a coaxial TEFLON™ dielectric. In some embodlments power is fed to
conventtonal end- grounded half-wave' hellcal resonators by posmomng a movable
tap on the helical coil and’ connectmg a power source between the tap and the |
ground In other embodtments matchmg networks can be introduced between the

coaxial cable povver feed and the helical c01l tap’ for ﬂelelllty The matchmg
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network will depend on the selected wave conﬁguratlon and wave adjustment
circuits.; In a balanced half-wave helical resonator embodlment for example, the
ends of the resonator coil can be termmated w1th wave adjustment circuits which
substant1ally have zero susceptance. In partlcular the: wave adjustment circuit is -
designed as an open circuit by making no electrtcal connectlons to the ends of the
coil, or establishing an electncal equivalence thereof Alternatively, the ends of
the coil are isolated by chokes serles resxstance thereby DC coupled to a ﬁxed
reference potential. These' types of wave adJustment circuits are frequency
independent and are "degenerate” cases. iI_n these embodiments, the rf power is
provided such that the phase and an’ti-jphase_'i c_urrent flows above and below the

electrrcal mrdpomt of the coil. This provides for substantially balanced phase and

_anti- phase current flow from the power source stablhzmg desired operatlon in coil

voltages above the midpoirt of the coil; and also provrdes substanttally equal phase
and antl phase voltages A L _ _

The embodlments described above also can be applied to other
plasma processmg apphcatlons e.g., PECVD plasma immersion ion implantation
(PIII), stripping, sputtermg, etc. For 1nstance th 3isd smphﬁed CVD
apparatus 100 accordmg to the present mventlon The present CVD apparatus
includes a chamber 112, a feed source 114, an exhaust 116, a pedestal 118, a
power source 122, a-groun_d 124, a hellcali’ resonator. 126,-and other elements. The |
helical resonator 126 has ai' coil 132, an outer shield 133, and other elements. The
chamber can be any su1table chamber capable of housmg a product 119 suchas a
wafer for deposmon and for provrdmg a plasma dlscharge therein. Preferably,
the chamber isa rlght c1rcular cylmder chamber for provndmg an uniform plasma
species dlstrlbutnon over the product But the chamber can also be conﬁgured in
the form of rectangular nght cyhnder a truncated cone, and the like. The
chamber and ﬁxtures are constructed from alummum and quartz, and other suitable
materials. The plasma discharge is derived. from a plasma source which is
preferably a helical resonator discharge orjother ‘inductive discharge using a wave
adjustment circuit or other techniques to selectively adjust phase-anti-phase‘

potentials. The present CVD apparatus prov1des for deposition of a dielectric
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material, e.g., s1hcon droxtde or the like. '
: ‘ The product '119 having an upper surface 130 is placed into the
present ¢ CVD apparatus for deposition, e. g plasma enhanced chemical vapor

deposrtlon (PECVD), and others. Examples of deposmon materials include a

- dielectric material such as a silicon dtoxrde (SlOz), a phosphosilicate glass (PSG), a

borophosphosﬂrcate glass (BPSG) a silicon’ nitride (Sr3 +), among others.
In one embodrment the deposmon occurs by introducing a mixture

comprtsmg organic silane, oxygen and an mert gas such as helium or argon

‘accordmg to the present invention. The orgamc 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 appllcatlons 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 matenals, and flow rates can be used
dependmg upon the partlcular application. »l

This chamber also mcludes a wave adjustment circuit 127 The
wave. adJustment cnrcunt 127 is used to provrde a helical coil operatmg w1th

capacmve couplmg to selected phase and antl-phase voltages Th1s portion 127 of

the wave ad]ustment c1rcu1t coil also is shtelded 140 to prevent rf from interfering

with the plasma dlscharge or external elements e g, equtpment power, etc. The
coil sh1eld 140 is made of a conductive materlal such as copper, aluminum, or the
like. In one embodiment, an operatmg frequency is selected and the wave '

adjustment circuit is adjusted to short cxrcult the upper end of the helrcal applicator
coil to ground 124. This prov1des a hellcal co1l operatmg at approxrmately a full-
wave multiple and has substanttally equal phase and anti-phase sectlons This full-

wave multiple operatron provides for balanced capacrtance of phase 151 and antl—

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

multt_ple operation reduces or evensubstanttally ellmlnates the amount of
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capacmvely coupled power from the plasma source to chamber bodies (e. g ,
pedestal walls, wafer, etc. ) at or close to ground potential.’

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

. varrable coil portlon 128 of a spiral transmlss1on| line, which is selectively placed

outside the outer shleld 133 Accordmgly, iWhen the wave adjustment circuit is

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

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

entire instantaneous AC voltag_es 134, 135. In thisembodiment, stress of the
deposited oxide film is often tensile, which can be undesirable.

‘Alternatively, the wave adjuStment circuit 127 provides a helical

_ resonator operating at selected phase and: ariti—phase voltages' that are not full-wave

multiples. This wave adjustment circuit provides for a selected amount of
capacitive coupliﬁg from the plasma 's'ource"'to the chamber bodies. Stress of the
deposited oxide film in thlS embodlment can be made to be zero or slightly
compresswe In some embodrments the: oxrde ﬁlms can be deposed with an rf
plasma potentlal of several hundred volts between the plasma source and the
substrate to decrease the tendency of the ox1de ﬁlm to absorb moisture. This can
occur by adjusting the wave adjustment c1rcu1t to add in a small section of
transmission line outside of the source and correspondmgly shortening the
appllcator coil (by movmg ‘thelower point at which the applicator coil is short-

circuited and thereby decreasmg the mductance of the apphcator coil and electrical

. length of the helical resonator 126 (e g splral transmlssmn line, etc.) ). Of

course, the selected amount of capacmve couplmg wrll depend upon the. .
appllcatron k.

Fig. 4 is a smphﬁed dlagram of a resrst stripper according to the
present | mventlon The present strlppmg apparatus mcludes similar elements as the
prevnous descrtbed CVD apparatus. The present strlppmg apparatus includes a
chamber 112, a feed source 114, an exhaust 116, a pedestal 118, an rf power
source- l22 a ground 124, a helical resonator 12‘6' and other elements. The _
helical resonator 126 mcludes a coil 132, an outer shiéld 133 a wave adjustment

circuit 400 and other elements. The chamber can be any sultable chamber -

: 1
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* capable of housmg a product 119 such as a photoresrst coated wafer for strrppmg,

and for provrdmg a plasma discharge therem The plasma drscharge is derived

- from a plasma source, which is preferably a.helical resonator drscharge or other

tnductlve drscharge using a wave adjustment crrcult or ‘other techniques to
selectlvely adJust phase\antr-phase potentrals The present stripping apparatus
provrdes for stripping or ashing photoresrst e 8., implant hardened, etc. Further
examples of such a stripping apparatus are! d_escrlbed in the experiments section
below. | P IR

In this embodrment the wave adJustment circuits rely upon open

'crrcults (1 €., zero susceptance) Power transfer can be occurred with a balanced

feed such as an mductrvely-coupled push—pull arrangement such as coupled

: mductors Techmques for constructmg these coupled inductors are described in,

for example "The ARRL Antenna Book;" R.D. Straw Editor, The Amerrcan
Radio DelayLeag‘ue, Newington, CT (1994) 1and "The Radio Handbook," W.1.
Orr, Editor, Engineering Ltd, Indiana (1962), which are both hereby incorporated

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

"balun" (balanced-unbalanced) toroidal transformer (i.e., broadband transmission

-transformer, broadband tra’nsformer, etc.) 401 can be used to provide balanced

matching from a conventional unbalanced coaxial transmission line. Techniques

~ for constructing torordal baluns are descrrbed in, for example, "Transmission Line

B Transformers I Sev1ck 2nd Edmon Amerrcan Radio Relay League,

25

30
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Newmgton CT (1990) The torordal transformer is coupled between the rf power
source 122 and the coil 132 The mrdpomt 406 between the phase 405 and anti-

"'phase voltage on the coil i 1s effectrvely rf grounded hence it may be convenient to

drrectly ground thlS midpoint of the mductrve appllcatlon in some embodlments for

stablllty - This permits alternate operation m whtch power may be coupled into the

) mductrve apphcator (e.g:, coil, etc.). wrth 4 conventional unbalanced feed line

tapped on’ one side of the center Push- pull balanced couplmg ignites the plasma

more easrly than conventional unbalanced coil tap matchmg and generally is easier

- to adjust in selected apphcatrons

Referrmg to the heltcal resonator embodiments operating at

l
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substantlally 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 of the clalms herein. The equlvalent

circuit diagram includes a plurality of rf power supplles (Vy, V, V5...V)) 203,

representing for example, a single rf powerE source. These power supplies are |

- connected inparallel' to each other. Qne end of the power supply is operably

coupled to a grou;nd connection 201. The other end of the power _supplies can be

represented as being connected to a respect_ij_ve capacitor (C,, C,, C,...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

capacnors as they are all connected to each other in parallel

Flg SBisa sxmplnﬁed dlagram of instantaneous AC voltage and

‘V ‘current along a helical resonator coil of F1g ' 5A where each end of the inductive .

appllcator is short circuited. The dlagram is merely an illustration and should not

limit the scope of the clalms herein. ThlS dnagram includes the discharge tube 213

and an mduct1ve plasma d1scharge (or plasma source) 501 therein. As shown, the ‘

plasma dxscharge includes an intensified ' donut-shaped glow region 501 that .
occupies a 11m1ted range R) of the d1scharge tube 213. The plasma discharge has
an average voltage potential (V) of substantlally zero volt between the ground
potentlal Vo) 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 potentlal of this plasma discharge i is zero. This operation provides for
balanced. capacntance of phase 503 and ant1 phase 505 voltages along the coil
adjacent to the plasma thereby substantlally preventmg capacitively coupling from
the plasma source to chamber bodies. As also shown, a current maxima 507 exists

at V.., which corresponds to an mﬂectlon pomt between the phase 503 and. the

' antl-phase 505.

In an alternatlve operatmg mode d1m rlngs of plasma caused by
mductlvely coupled plasma current are v1sxble néar top and bottom extremes of the
mductlve appllcatton as 1llustrated by Fig. 5C Th1s operatmg mode is generally

for a full -wave 517 1nduct1ve couplmg coil operated at a very high power, e. g ,
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maxrmum power mput to the 1nduct1ve apphcator is. often limited by thermal-

consrderatlons and breakdown. The rmgs 513 515 of current in the plasma

discharge are s1mu1ated by maxlmum coil. current areas correspondmg to voltage

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

condmons subordinate current rings are detectable and some excitation is often

visible in the mtermedrate reglons ThlS excnatxon is partially caused by

‘ - capacitively driven currents within the dlscharge coupled to the voltage maximum

10

15

20

25

and voltage minimum posmons along the 1nduct1ve applicator.

Alternatively, subordinate mductrve plasma current rings at the top
and bottom ends 513 of ‘the resonator do nqt appear with limited input power. The
coil current and inductive flux fall beyond. the ends of the‘inductive applicator so

that a smgle mducttve ring. 515 in the center portlon 1s more stable, provided that

- the conduct1v1ty of the plasma is large enough to support a single current ring at a

specified input power I | - v
' In alternatlve apphcatlons usmg hlgh power operation, no secondary

plasma current rings may be desirable. These apphcatlons often have substantlally

minimurn 1nternal capacrtlve coupling. In these applrcatlons the inductive

apphcator (e g., coﬂ) abuttmg the vacuum vessel may be shortened from a full

wave to an approprlate length such that only the ‘central current maxima exists on

the coil abutting the plasma source and the potenttal dlfference between maximum
and minimum voltage on the applicator is substahtrally reduced. The present

appllcatlon is achieved by stablllzmg the desxred waveform along the appllcator by

approprlate impedance wave adJustment crrcurts

Referrmg to the above embodtments the present invention provides

for processing thh an mductlvely coupled plasma in which the plasma potentlal

from coupling to a phase portlon of the mducnve applicator is substantially not

offset by capacmve couplmg to anti- -phase- voltages on selective portlons to the

- mductlve couplmg element Conventlonal 1nduct1ve sources (e.g., conventional

30

helical resonators etc. ), however have hltherto been operated in’ quarter-wave or

half—wave modes. These modes provide only phase capacrtlve couplmg to the

 plasma, which raises the plasma potentlal toward the coil without compensation
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antr-phase coupling. Conventional mductrve sources that are longer than a half-
wave have been generally considered cumbersome and 1mpract1cal for plasma -
reactors. In partlcular these inductive sources are large in size, and have nodes
along the helrcal coil, which have been belleved to create a non-uniform plasma.
In order to operate a substantrally mductrve plasma ina helrcal resonator

conventtonal inductive sources relied upon shreldtng the plasma tube from

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

msertmg a longttudmally split shield between the corl and plasma tube
The present invention provides for a substantially pure inductively

coupled power so"urce. A benefit of this ‘inducti\"ely 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 onfth:emsfelves). Since solenoidal electric

field lines have zero divergence they do n'ot create or support a scalar potential

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

1nduct1vely coupled power can be transferred into a plasma without no direct
relatronshlp 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 transferring power to the plasma

by purely mductry_e means,~ power transfer does not require any significant

‘ po_tential difference to be maintained between elements of the plasma and ground

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

by factors which are substantrally mdependent of inductive excitation power).

Although in theory, inductive power transfer does not’ requrre raising the AC or

DC. potentral of the plasma with respect to: ground in practice there has been

,substantlal shift and harmful alteratron in the plasma potential found in unshre]ded

current art inductive sources. ‘ f -

As prevrously noted, and further émphasized herein, the most

effectrve conventional method employed to avord plasma potential shift in

conventional commercrally available mductrve sources is to shield the plasma from
the electrical ﬁelds on the 1nduct1ve couplmg element (commonly a multi-turn corl)

by msertmg a grdunded conductrve member between the mductrve driving element
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i l .
and the plasma discharge tube - Shielding is= ‘however cumbersome and
mconvement and has serious drsadvantages m practrce Shields couple to inductive

applicator elements and can cause wrde excursxons in the natural resonance

- frequency, whlch are not predlcted by convennonal desrgn formulae . This often

- results.in laborlous trarl and error and 1terat1ve mechamcal des1gns to achieve a

desired resonance. Another disadvantage of shleldmg is that shields often make it

”dlfﬁcult to achieve initial 1gnmon of the plasma smce shrelds generally exclude

capacrtrve electrlc fields in'the: plasma dlscharge tube. In partrcular ignition

" (known' as plasma breakdown) of inductive breakdown generally begms with a

capacitive electric field dlscharge Wthh is stable at lower currents and powers
(See, for example J. Amorlm H.S. Macrel and 1.P. Sudana, J. Vac. Sci.
Technol. B9, pp. 362- 365 1991) Accordmgly, shields tend to block capacmve
electric fields, which induce plasma 1gn1t10n

i Insertlon of the shield, close : to hlgh voltage RF point in a network

(such as the voltage maximum points in a helrcal resonator or the high potentral
‘ r

driven side of a TCP coil)ialso causes largegtdrsplaeement currents to flow through

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

20

25

a p'otential cause of damaging rf breakdown' across the air gap, hence the gap may v

-requlre protection by inconvenient sohd or hqurd dielectric insulation. The

' dlsplacement current flow causes power loss and’ requrres that higher power RF

generatlng equrpment be used to compensate for the power loss. Coupling loss in
the plasma source structure is also undesrrable from the standpomt of thermal
control These limitations are overcome by the present invention using the wave
adjustment crrcurts an mductrve applrcator of selected phase length, and other

i i
. i

elements ? o

Exgeriment I

To prove the prmcrple and demonstrate the operatron of the present

~ invention, a helical resonator plasma source was used in a photoresist stripper.

30
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Conventional helical resonators also were evaluated in these experrments These

expertments are merely examples, and, should not limit the scope of the claims
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herein. §One of oi‘dinary skill in the art would easily recognize other experiments,

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

I. Conventional Photoresist: Stripner

5 L “In this experiment, the conventlonal resist stripper was a prototype
made by MC: Electronics, present assrgnee - Of course other stripper platforms
also can be used dependmg upon the appli_catron.v A conventional quarter-wave
helical resonator resist stripper 600 was coristructed‘ with a quarter-wave helical
resonator source 602 upstream of a processrng chamber 604, shown in Fig. 6.

10 . This quarter-wave helical resonator 602 included a coil 608 and other elements.
Corl 608 consrsted of 5.15 turns of 0.4 inch diameter copper tubing
would with a pitch of 0.5 furns per inch 'wi:thi a rhean radius of 6.4 inches and
- centered radially and vertically inside an outer copper shield 610. Coil 608 is-
operably coupled to a power source 612 and operated at about 13 MHz radio
15 ' frequency A 17 inch long, 9.25 inch drameter 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 1nches long. This shield 610 also was
connected to a ground (V) connection ofi 'thie“ aluminum process chamber body
'(except when making the current measurements described below).
20 .i _ The process chamber 604 was for a conventional resist stripper.
This resist stripper included a wafer support 616 (or pedestal) and other elements.
Process chamber 604 is operably coupled at an outer locanon 620 to ground via
shield 610 Wafer support 616 has a wafer 618 drsposed thereon.
' _ The wafer 618 is a 6-inch (250mm) <100> type wafer with
25 " approximately 1.25 microns of spin- _coated Mitsubishi Kasei positive photoresist
| MPR-4000. Thrs wafer was ashed on the grounded 10 inch drameter wafer
support 616 ThlS support was resrstrvrty heated and the temperature of the
substrate support was sensed with a thermoc(mple
After thie helical resonator plasma was. 1gmted visible plasma filled
30 the quartz plasma tube under all of the condrtions used for processing. In addition,

a strong plasma glow was always visible: abpve the wafer in the downstream
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~ processing chamber which was indicative o;f :secogndary'plasma discharge to the

substrate support. This secondary plasma d1scharge was also accompanied by
current flow from the resonator shield to the chamber of approx1mately 5-10

Amperes rms (and sometimes even more) Wthh |could be measured by elevating

the shield on msulatlng blocks and momtormg the current flow through a 2 1nch

long 1.5 inch wide strip of copper braid- whxch was passed through a Pearson
Current probe used to monitor the current.

Fig. 7isa si-mp.l-iﬁed diagram_ 700 of the rf voltage distribution

“along the coil for the quarter-vvave helical résonator of Fig. 6. This diagram

“includes the quartz tube 606 and a plasma dlscharge (or_source) 701 therein. As

shown, the plasma discharge includes a glow reglon that 701 occupies a large

range (R) of the quartz tube 606. The plasma discharge has an average voltage

~potential (V,,.) between thé ground p.otent1al,(VG) and the high voltage potential

(Vy).. As can be seen, the plasma discharge’:701 has capacitively coupling
elements to Vg and Vg due to its average voltage potential V,,.. In fact, as

prev1ously noted, the current flow from thei resohator shield to the chamber was at-

' least 5-10 Amperes rms. In hngh power applncatxons intense sparking was

: observed in the chamber from the capacmvely coupled plasma source.

II. Present Photoresrst Strlpp
- To prove the principle and operatlon of the present inventions,

experiments were: performed These experlments used a photoresnst stripper
apparatus This resrst strlpper apparatus m a cluster tool arrangement used a

helical. resonator accordmg to the present mventlons One of ordinary skill in the

| 'art however would recognize that other 1mp]ementatlons modifications, and

varlatlons may be used Accordmgly, the [experlments performed herein are not |
mtended to limit the scope. of the claims below |

The photores1st strlpper apparatus was conﬁgured with mult1ple

~ process chambers ina cluster tool arrangement, as illustrated by Figs. 8 and 9. .

| Flgs. 8 and 9-illustrate a s1mp11ﬁed top-view :diagram 800 and a simplified side-

~ view diagram, respectively. Two process chambers', e.g., chamber 1 901 and
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‘ -chambely 2 903, were used. - Chamber 1 901 was used for strrppmg 1mplant

hardened resrst crust (or skin). Chamber 2 903 was used for stripping the
remammg photoresrst Alternatrvely, the chambers can be both used for strtppmg
implant hardened .resist crust and stnppmg remammg photoresist. Of course the
particular use depends upon the appllcatlon These chambers also were - made of
aluminum with ceramrc mserts which is h1ghly resistant to chemical attack.

The apparatus also used a mrcroprocessor based controller to
oversee process operatlons Thls mlcroprocessor 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 w1th a color LCD touch panel display.
This controller also is shrelded and hnghly resrstant to chemical attack.

B An! automatic wafer handlmg system 910 was also provided. The
automatlc wafer handlmg system used standard cassettes 912 for transferrmg the
photore51st coated wafers to and from the process chambers 901 903. The
automatic wafer handling system included a‘ robot 9.17, cassette chamber 1 905,
cassette ‘chamber 2 907, cafssette stage 1 909, cassette stage 2 911, and other

elements. The wafer handling system 910’t’rs‘ed a conventional interlock system for

provrdmg the cassettes 912 from the cleanroom into the process chambers 901,

903. A main shuttle chamber 913 housed the robot 917 in the cluster tool

'arrangement The controller oversees the automatrc wafer handlmg system

operations. The present wafer handmg system 1s made by JEL Co., LTD of
Japan. ‘

A coolmg plate 915 was mcluded m the main chamber 913 housmg

: 'the robot 917. The coolmg plate 915 was of conventlonal desrgn and was capable -

of coolmg the wafer after bemg strlpped Wthh often occurs at elevated
temperatures Alternatrvely, the coolmg plate can be used to thermally adjust the
wafer temperature either before after, or even between selected process - -
operations. ’

- The process chambers 901 903 were drsposed downstream from
respectlve plasma sources. 923, 925. Each helrcal resonator included a coil 927

disposed around a quartz tube 929. Th_eco_rl,consrsted of 11.5 turns of 0.4 inch
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. copper tubing wound with a pitch of 0.9 turns per inch with a mean radius of 9.4

inches and centered radially and vertically ’:i'nside"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 of the copper coil The shield was 16
inches inside diameter, approximately 0.08 ‘_mche:s thick and 18 inches long. The -
shield is operably coupled to a lower 'portion of the coil.

In one experiment, proicesses',.gwere used for stripping photoresist
from wafers, e'.g.;', See Fig 9 reference nu'rneral:933. The processes involved the

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

* semiconductor wafers. Sarnples 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 1mpl nted hardened resist layer near the
top of the photoresist. i ‘ '
- An implant resist stripping process was performed to remove the top .
implant hardened-resist This occurred by: stripp‘ing using an "un-balanced" phase
and anti-phase couplmg relatronship ina 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 Popprng occurs when vapor in the underlying photoresist explodes
through the 1mplant hardened resist. o i ‘

After the top hardened layer was removed The wafer was

, transferred into a chamber operatmg ata full wave multiple, This chamber

operated ata frequency of about 27.12 MHz ‘at a full-wave multiple. The pedestal
of this chamber was at 150 to 200 °C The full wave structure provided for
balanced phase and anti- phase coupled currents thereby reducing the amount of
capacltively coupled plasma which can be: detrimental to the underlying substrate.
In this step, overashmg was performed to substantially remove all photoresrst

material from the wafer. No damage occurred to the underlying substrate during
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Once the photoresrst has been strrpped the wafer is cooled. In

particular the wafer is removed from the full wave multiple process chamber, and '

placed on the coolmg station. Thls coohng 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_processed 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 experlments the followmg tests also were performed

- various conditrons listed i m Table 1.

Test 1: 6-mch wafers were ashed 4t 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 then the discharge was
'extmgurshed) The ashing rate across the wafer was determined to -

vary between approximately: 3411 /A/min and 3139 A/min with the
ratés approx1mately Symmetric. about the center of each wafer and
the maximum ashing rate atithe center. The average etching rate
was 3228 A/min and etchmg umformrty 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 substraté iwas held at 60 °C and the ashing rate
was determined to’ very between approximately 3144 A/min and-
3748 A/min’ depending on positiori on a wafer. The etchmg
uniformity was approx1mately 9 percent

Test 3: Resrst coated wafers were 1mplanted with a selected dose of
5 x 10" atoms/cm? at 40 kev: arsenic (As). - The wafers were cleaved
mto samples approxrmately 3 centimeters square.

l

Two samples were then ashed on the substrate support s1multaneously, under the
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Experimental ‘Results for Ashing
Run Time(s) | Pressure | 0, . Fwd ‘Refll. if | Temp
© | (sec.) | (Torr.) Flow .| Pwr Pwr freq. (°C)
o . sm)* || (W) W) [ (MHz)
A |10 [023 |os |2000 |180 [132 |68
B |132 [006 |02 2150 |18 |133 |9
c |10 |03 |02 |2200 [150 [133 |60
D. |300. |o0.13 02 [2200 [150 |133 |40
B |% |oo o 2200 |80 [13.4 |40
Fap |10 |00 o1 [2200 [s0 |13.4 |40

Sim= standard Titers per minute (or T000 sccm)

()] Ummplanted resist was used in this test and ashing was
terminated before endpoint was reached to test uniformity. The
average ashmg rate was. 5259 A/ min and uniformity was 7.5%.

{19) Implanted resist was etched for 150 sec, but endpoint was
visible at 100 seconds. ,
Under conditionsused for :Run D, it was détermrned that resist was cleared from
the entire wafer after 3 minute and;15 seconds. fConsequently, the ashing time in |
the table included approximately 100 sec.. o:v'eretehing Under conditions where
practical ashing rates were: attamed a v1srble plasma discharge and sheath could be
observed over the wafer. : |
Dlagnostlc measurements of curreht similar, to those. performed in
the conventional stripping apparatus were performed 'In these measurements,

currents from the shield of the resonator to, the processmg chamber gave values of

~at about 0 1t00. 5 Amperes rms and less These measurements were limited by

error using avallable mstrumentatron Accordlngly, these currents were at least

an order of magnltude below those currents measured above in the conventional
stripping apparatus. '

A v1sual lnspectron of the strlpped wafers shows extremely good
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results. That is, the wafers were strtpped at a sufficrent rate for production
operation and no substantral damaged occurred to the wafers. This provides for
effectlve wafer turn-around time and substantrally no damage caused by the
plasma.- In addition, current measured from the shreld to the chamber by elevatmg

the shleld on msulatmg blocks was. less than about 0.5 Amperes rms and, in some

" instances, ator below mea__sured error using available instrumentation. This

current was substantially less than those measured in the conventional stri.ppingi
apparatus. | | '

While the invention has been. described with reference to specific
embodiments, va'r:ious alternatives, ntodiﬁcat;i;onsé, and equivalents may be used. In
fact, the invention also can-be applied to-almost any type of plasma discharge
apparatus. This discharge!%app'aratus can inéiude{an apparatus for plasma

immersion ion implantation or growing 'diarnond:s TCPs, and others. - This

‘, dlscharge apparatus can be used for the manufacture of flat panel dlsplays disks,

mtegrated c1rcu1ts dlamonds semrconductor materlals bearrngs raw materials,
and the like. Therefore, the above descrlptlon should ot be taken as. limiting the

scope of the mvent10n Wthh is defined by the appended claims.
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1. A process for fabncatmg a product sald process comprising the

steps of ‘snbjectmg a substrate to entities, atlleast_, one of said entities emanating

~ from a specie's generated by a gaseous discharge excited by a high frequency field

in which the vector sum of phase portion an{i_ anri-phase portion of capacitive

~ current coupled from the inductive coupling »srructure balances.
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2. The process of clalm 1 wherem said product comprlses a

semiconductor dev1ce

3. The process of claim 1 wherem sald gaseous dlscharge is

provided by a hehcal resonator.

4. “The process of claim 1 wherein said gaseous- discharge is
prov1ded by a hellcal resonator having .an electrlcal length which is substantially a

whole number multiple of one wavelength

5. The process of cleim 1 wherein said gaseous discharge is
prov1ded by a helical resonator structure, sald hehcal resonator structure havmg an
electncal length Wthh is. substantlally free from any multiple of one quarter

wavelength.

6 The process of claim 1 wherem sa1d one of said entmes is

provxded in chemlcal vapor deposmon

7. The process of claim 1 wherem sald one of said entmes is

prov1ded in plasma etchmg

- 8. The process of claim 1 wherem said mductlve coupling structure

is select1ver balanced using a wave adjustment circuit.
; i : e
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9. A process for fabricatlng a product comprising. the steps of

subjecting a substrate to a composition of entities and employing the resulting

substrate for completion of said pro_duct,' a:tfl'eastéone of said entities emanating ‘
from a species generated by a gaseous discHarge provided by a helical resonator,
said helical resonator havirig an integral current driven by capacitive coupling of
plasma column to elements with a selected potential greater than a surrounding

shield potential is substantially equal to capacitive coupling‘ of the plasma column

to substantially equal elements with a potential below shield potential.

10. The process of claim 9 whérein said helical resonator is
characterized in that the capacrtrve current flow from the surrounding coil into the

plasma column is substantlally equal to the capacrtlve current from the plasma

- column to the surrounding coil.

; N
i Re

11. The process of claim 9,\fvlrerelin said helical resonator is 1n
which the average potential of the plasma column is substantially equal to that of
the shield. o

12. Apparatus for fabncatmg a product said apparatus compnsmg:

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

a plasma 'applicator disposed :adjacfent to said outer surface;

a high frequéncy power source operably coupled to said plasma

| applicator, said htgh frequency power source excrtmg said gaseous discharge to

prov1de at least one entity from a high frequency field in which the vector sum of

phase and antl-phase capacitive current coupled from the inductive coupling

structure substantrally balances

13.1 Apparatus of claim 12 Whereln 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 wherem sa1d tube is made of a material

selected from quartz glass dlamond polymer sapphlre and alumina.

16. Apparatus of claim 12 wherein said apparatus further comprises
a wave adjustment circuit, said wave adjustr‘ﬁént circuit opetably coupled to said -
plasma apphcator to selecnvely provide balancmg of said inductive coupling

structure

17 Apparatus of claim 12 wherem apparatus is provided for

* chemical vapor deposmon

18! Apparatis of claim 12 Wherein apparatus is provided for plasma
etching. - R o .

19. Apparatus of claim 12 wherein said enclosure, sa1d plasma
applicator, and said high frequency power | Isource define a helical resonator
structure, said helical resonator structure havmg an electrical length whrch is

substantlally a whole number multiple of one wavelength

20. Apparatus of claim 12 Whereir’l said enclosure, said plasma
applicator, and sa1d high frequency power, source define a hel1cal resonator
structure, said helrcal resonator structure havmg an e]ectrlcal length whrch is

substantlally free from any multlple of one quarter wavelength
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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

corﬁprises 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

10

15

excited by a high frequency field in Whichfﬁhe vector sum of phase and anti-phase

capacitive coupled voltages from the inductive coupling structure substantially

balances.

H:\home\rto\work\16655\-3.ap1 .
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RTO:de

rto\work\16655\3-mp.res
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Daniel L. Flamm, et al. - ' PATENT
Serial No.: 08/567,224 ,
Page 2° :

The Commissioner is hereby authorized to cﬁarge aﬁy 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,

o . ) Pye
Dated: LJ/\ }Cﬂﬁ , %@‘VQJ @
' T Richard T. Oga )
Reg No. 37,692

TOWN SEND and TOWNSEND and CREW LLP
Two Embarcadero Center, 8th Floor

San Francisco, California 94111 3834

(415) 326-2400

Fax (415) 326-2422

RTO:de '

rto\work\16655\3-mp.res,
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I hereby certify that this.correspondence is being
deposited with the United States Postal Service as
first cltass mail in an envelope addressed to:

= Te=w\  Assistant Commissi for Patents, ‘ o . |
//’f‘;{\, HOQ: U::;\?n::on,og'?éfségggg g;x :ﬁ:gi:g Parts ‘ Bﬂm
QML 3, /974 ~Attorney Docket No. 16655-000300

-JJOWNSEND and TOWNSEND -and CREW LLP

W%MZM

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

Filed: December 4, 1995 PETITION TO EXTEND TIME UNDER 37
o 3 ~ CFR $§1.136(a)
For: PROCESS DEPENDING ON PLASMA ‘
DISCHARGES SUSTAINED BY.
INDUCTIVE COUPLING '

e/ " e N e N N N N N N N SN

Box Missing Parts
Assistant Commissioner for Patents
Washington, D.C. 20231
Sir: o
‘Applicants petition the As‘si,stant 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. bAn appropriate response to the notice in the form of
a Response to Notice of Missing Parts is enclosed herewith. v
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,

Rlchard T. Ogaw
Reg No. 37, 692

TOWNSEND and TOWNSEND and CREW LLP
Two Embarcadero Center, 8th Floor ‘
' San Francisco, California 94111-3834

(415) 326-2400

RTO:de

rto\work\16655\3-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: o

Assistant Commissioner for Patents, . ) ) : . .
Washington, D.C. 20231, Box Missing Parts : M
on ’

| 9m 3, /9% \ - Attorney Docket No. 16655-000300
TOWNSEND and TOWNSEND and CREW LLP . ' ' ’

'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
) 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: A
Applicants petition the Assistant Commissioner of Patents t'o‘ extend the time for -
response to the Notice to File Missing Parts of Application, dated February 14, 1996 for thrse
months, from March 14, 1996 to June 14, 1996 An appropriate response to the notice in the form of
a Response to Notice of Mlssmg Parts is enclosed herewith. ‘
Please charge $900.00, pursuant to 37 CFR §1.17, to the Depos1t Account No. 20-
1430. Please charge any addlthnal fees or credit overpayment to the above Deposit Account. This .
~ Petition is submitted in friplicate. ' ' .

Respectfully submitted, -

Fod

Richard T. Ogawa)
‘Reg. No. 37,692

TOWNSEND and TOWNSEND and CREW LLP
Two Embarcadero Center, 8th Floor

San Francisco, California 94111-3834 -

(415) 326-2400

RTO:de

rto\work\16655\3-petex1.tme
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Attorney Docket No. 16655-3

DECLARATION AND POWER OF ATTORNEY

As a below named inventor, I declare that:

My residence, post office address and citizenship are as stated below next to my name; belleveI 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 specification of 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). o

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. I 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, | hereby appoint the following attorney(s) and/or agent(s) to prosecute this apphcatlon
and transact all business in the Patent and Trademark Office connected therewith.

o Y , Richard T. Ogawa, Reg. No. 37,692
- ) } William J. Bohler, Reg. No. 31,487 -
‘ . : Kenneth R. Allen, Reg. No. 21&‘
Send ‘Correspondence to: . Direct Telephone Calls to: -
Richard T. Ogawa ‘ (Name, Reg. No Telephone No.)
R Jﬁw.o.]lmbarcadero Center, 8 th Floor ' Name: Richard T. Ogawa
San Francisco, CA 94111 Reg. No. 37,692
‘ B Telephone: 415 326- 2400

(Page 1 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- X Walnut Creek California 94596
Full Name Last Name %/b First Name Middle Name or Initial / (
of Inventor 2 Vinogradov 4 L Georgy . _\°- .
Residence & City ‘ \r" State/Foreign Couritry Country of Citizenship
Citizenship Yamanashi /\ X Japan Russia
Post Office Post Office Address J o City State/Country Zip Code
Address Dragons Mansion Apt. 306 Yamanashi, 400-01 Japan
5860-5 Ryuchi L
_ Futaba-cho, Kitakomagun
Full Name Last Name ﬁ) | First Name Middle Name or Initial
of Inventor 3 {Yoneyama < |_Shimag '
Residence & City ‘ J State/Foreign Coun Ty Country of Citizenship
Citizenship | Yamanashi Japan L ’ Japan
. - N ) \\\
Post Office Post Office Address City : - State/Country Zip Code
Address 5875-4 Ryuchi Yamanashi, 400-01 Japan :
Futaba-cho, Kitakomagun :

- 1 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 wiliful 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 3

Signature of Invéntor 1 Signature of Inventor 2

= ’\“ . (
2t . M&

. Géorgy Vinogradov *Shimao Yoneyama

Date 25- /%~ /99%9¢ Date '0f'~/3 -—/Qf)(

Daniel L. Flamm

Date

(Page 2 of 2)
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el

Full Name Last Name First Name Middle Name or Initial
of Inventor 1 Flamm - _ | _Daniel L.
. ) e s —————————

Residence & City " State/Foreign Country Country of Citizenship

Citizenship W- L ‘ California U.S.A.

Post Office Post Office Address City State/Country Zip Code -

Address 476 Green View Drive "Walnut Creek California 94596

Full Name Last Name First‘Narhe Middle Name or Initial

of Inventor 2 Vinogradov Georgy

Residence & City State/Foreign Country \ ‘Country of Citizénship .

Citizenship | Yamanashi. Japan ’ Russia .

 Post Office Post Office: Address City State/Country Zip Code

Address Dragons Mansion Apt. 306 Yamanashi, 400-01 Japan | ) o
5860-5 Ryuchi
Futaba-cho, Kitakomagun

Full Name " Last Name First Name Middle Name or Initial

of Inventor 3 Yoneyama Shimao :

Residence & . | City. State/Foreign Country Country of Citizenship

Citizenship Yamanashi Japan ' Japan .

Post 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 théreon.

1A B\
‘oi, i

Sf Inventor 1 .
7 ' / ‘

Daniel L. Flamm

Signature of Inventor 2

Georgy Vinogradov

Signature of Inventor 3

_Shimaoe Yoneyama

Date

Date

rto\work\ 16655\3-dec.poa
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UNITED ST, IEPARTMENT OF COMMERCE
Patent and Traﬂemark Office -
Address: COMMISSIONER OF PATENTS AND TRADEMARKS"

. Washington, D.C. 20231

| AppLCATION NUMBER | FNG paTe ] S FIRST NAMED APPLICANT - | - arrv.oocketnommie ]

(AR =Yt el YT - e .
""" S wad 12704 738 FL.ANNM s I EEEE O

; TOWNSEND  AND TOWNSEND ANE ¢ m— W
28 ’ STELUART STREET TOWR
. ONE MARKET PLAZA
SAN FRANCISCO 08 94105 - .
T DATE MAILED: 7141011
NOTICE TO FILE MISSING PARTS OF APPLICATION 03/ A e
_ FILING DATE GRANTED w/Aasme
An Apphcatxon Number and Filing Date have been assigned to this apphcatlon However, the items indicated
below are missing. The required items and fees identified below must be timely submltted ALONG WITH
THE PinNT OF A SURCHARGE for items 1 and 3-6 only of $ & Z()  for large entities or
$ for small entities who have filed a verified statement claiming such status. The surcharge is set forth in
37CFR 1. 16(e)

- Ifall requircd items on this form are filed within the peno%s?ﬁlow the total amount owed by apphcant asa IZH/ arge
entity, [ small entity (verified statement ﬁlcd) 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 accompamed by the
extension fee under the provisions of 37 CFR 1.136(a).

1. E’ﬁe statutory basic filing fﬁe 5:' Eﬁsing O insufficient. Applicant as aE’ﬁr/ge entity [J small

entity, must submit $ to complete the basic filing fee.

2.0 Addltlonal claim fees of $_ ~_____asa O large entity, (J small entity, including any
required multiple dependent claim fee, are required. Applicant must subm1t the additional claim
fees or cancel the additional clalms for which fees are due. o

3. th or declaration:
8 missing.

D does not cover the newly submitted 1tems

An oath or declaratlon in compliance with 37 CFR 1.63, 1dent1fy1ng the apphcatlon by the above
Application Number and Filing Date is required.

4. O The oath or declaration does not identify the apphcatlon to which it ‘apphes An oath or declaration
.in compliance with 37 CFR 1.63, 1dent1fy1ng the application by the above Apphcatlon Number and
F111ng Date, is required.

b [3-The signature(s) to the oath or declaration is/are: (J missing; (J by a person other than the inventor
P 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. O The signature of the following joint inventor(s) is missing from the oath or declaration: ' "‘a.,‘
. An oath or declaration listing the names of all inventors and’ mgned by

the omitted inventor(s), identifying this apphcatlon by the above Apphcatlon Number and Flhng
Date, is required. o .

7. O The application was filed in a language other than English. Xopfioant'}nust file ﬁ"vevx"i'fi’ed English
translation of the application and a fee of $ _under 37 CFR 1.17(k), unless this fee has ‘

already been paid. : _ : -
8.0AS$ A 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. E] The apphcatlon does not comply with the Sequence Rules. See attached Notice to Comply with
’ Sequence Rules 37 CFR 1.821-1.825.

11. O Other.

Direct the response to Box Missing Part and refer any questions to the Customer Serv1ce Center ‘
‘at (703) 308-1202.

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

o , ... COPY TO BE RETURNED WITH RESPONSE
s e st S S
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“an envelope addressed to: Assistant Commissioner for Patents,

deposited oo

&email in ) ’
] Ly
4

I hereby certify that this correspondence is bej
with the United States #ostal Service as’first’ é

Washington, D.C. 20231, on

By

Attorney Docket No. 16655-00030

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

PATENT

In re application of:

Daniel L. Flamm, et al.

Serial No.: 08/567,224

Filed: December 4, 1995

PROCESS DEPENDING ON
PLASMA DISCHARGES

SUSTAINED BY INDUCTIVE
COUPLING

FOI’:

N’ N N N N N N N N’ N N N N N

Assistant Commissioner for Patents
Washington, D.C. 20231

- Sir:

copies of the above-identified patent application.

Date: ”Z‘)Z %2 | o
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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Examiner:
Art Unit: 42~ jio9

POWER TO INSPECT AND MAKE
COPIES '

RECEIVED
GROUP 1100

Please permit Annette Masiello and/or Rayline' Pettit t’ob inspect and make

Respectfully submitted,

Richard T. Oga
Reg. No. 37,692

.
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PATENT
ATTORNEY DOCKET NO. 07931/003001

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant : Flamm, Daniel L. et al. Art Un1t°~%te¢—lloq
Serial No.: 08/567,224 Examiner: G-——Geudreau
Filed : December 4, 1995 . o €
Title : PROCESS DEPENDING ON PLASMA, BISCHARGES YQ‘ i
o SUSTAINED BY INDUCTIVE COUPLING \\\Vr;k.ﬂ 53
. . Bl
Office of Petitions . ﬁUﬁla

Commissioner of Patents and Trademarks
Washington, DC 20231

PETITION UNDER RULE 182

Petition That Office Accept Revocation and Appointment
‘By Fewer Than All Applicants or Owners

Petitioner MC Electronics Co., Ltd. ("MCE") is éssignee

of a fractional interest in the»above-reférenced patent
" application by virtue of an assignment'from two of the inventérs

Georgy Vinogradbv and~Shiﬁao XoheYama;"Daniei L. Flamm ("Flamm")
is the third inventor. A dispute hés arisen between MCE andAits
assignor—inventors,'on the one hand, and Flamm on the other hand.
Because of this conflict, Petitioner believeé that fhe presént
attorney of fecofd cannot act on behalf Qf ail parties in
interest. | |

. The dispute arose becauée'prnsend,‘Townsend & Crew

("Townsend") , the firm prosecuting the subject application,

originally told MCE that it represented both MCE (and its two

rs) and»Flamm. Townsend hds unilaterally changed its mind

~and ﬁa?_recgnﬁly told MCE that it only represents Flamm and is

Date of Deposit _MMR / 77(/

_ I hereby certify under 37 CFR 1.8(a) that t this correspondenceis
being depositedwith the United States Postal Service as first class
mail with sufficient postage on thé date indicated above and is
addressed to the Commissionerof Patentsand Trademarks;
Washington, D.C. 20231. o

= —

Kristine ) MGk
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unwilling to represent MCE or its assignor-inventors in this
appllcatlon. |

Accordlngly, Petltloner respectfully requests that the'
pfibr éower of attorney to Townsend, executed.by Mr.lvlnogradov
and Mr. Yoneyama, be revokéd and the énclosed new powef of
‘attorney to Fish & Richardson be substituted under 37 CFﬁ
§3.73(b).

Petitioner respectfully reﬁuests that the Office accept
the attached papers, which gdnstitute a revocation and .
appointment of power of attorney‘for feﬁer than all applicants
and owners, and permit the application fo be prosecuted jointly}

| Townsend has refused to'join in this petition.

Enclosed is‘a check in the amount of $130.60 in payment

of the petition fee. Please apply‘any charges not covered, of

any credits, to Deposit Account 06-1050..

. | ' Reii:;zéﬁéiiAimeltted
e 1latle ‘

Réger Bor

Reg. N

- For Ge rgy Vlnogradov,
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. 079317001001

IN THE 5 STATES PATENT AND TRADEMARK OFFICE
Applicant : Flamm, Daniel L.; Vinogradov, Georgy; and
o 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(Db)

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‘applicationridentified above;bthe
assignment being transmitted herewith for recordation, hereby
revokes all powers'of attorneyﬂpreviously:grantedbe its
assignors in this application and heréby appoints:

Roger S. Borovoy; Reg. No. 20,193 v

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 undersighed 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 undefsigned'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 behalf of the assignee.

I hereby declare
own knowledge are true and
iﬁfofmation and belief are
these statemenﬁs were made

statements and the like so

that all
that all
believed
with fhé

made are

‘statements made herein of my

statements made on _ »
to be true; and further that
knowledge that willful false

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

jebpardize the validity of the application or any patents issued

thereén.

Date: IG/QZ/?Z

50886.P11
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Respectfully submitted,

' obuaki Matsuo

President, MC Electronics Co., -
Ltd. ‘ -




. UNWEL:.ATESDEPARTMENTOFCOMMERCE
Patent and Trademark Office
ASSISTANT SECRETARY AND COMMISSIONER OF
. PATENTS AND TRADEMARKS
Washington, D.C. 20231

Paper No. 6

RICHARD T. OGAWA

TOWNSEND & TOWNSEND "& CREW - ‘ | COPY MA“_ED

TWO EMBARCADERO CENTER, 8TH FLOOR
SAN FRANCISCO, CA 94111 .
S | SEP 1 6-1997
OftiveUr r:m:uw

In re Application of - : AK;FWﬁF”‘c
Daniel L. Flamm et al. s '
Application No. 08/567,224 : ON PETITION

"Filed: December 4, 1995 . ' :
For: PROCESS DEPENDING ON PLASMA :-
DISCHARGES 'SUSTAINED BY INDUCTIVE :
COUPLING

ﬁhis 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 Flamn,
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 1nd1cate whom he or she
represents.

All parties are reminded that- dual correspondence is not
permltted and will not be undertaken by the PTO.

.The PTO will continue to conduct correspondence with the
attorneys first named in the application, i.e., Richard T. Ogawa,
‘William J. Bohler, and Kenneth R. Allen, at the correspondence
address of record noted above, who will also be responsible for.
coordinating replies or submissions to the PTO. See MPEP 402.10.

This application.is being returned to Group 1100.

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

Abraham Hershkovitz

Director, Office of Petitions

Office of the Deputy Assistant Comm1551oner
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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B . - PATENT
, o _ATIr Y DOCKET NO. 07931/001001
- ,SIGNMENT BY THE INVENTORS

. ASSIGNMENT

 For good snd valusble consideration, the receipt of which is hereby acknowledged, the undersigned ASSIGNORS -
hereby sell, assign, and transfer to ASSIGNEE, MC Electronics Co., Ltd., 8 Japanese Corporation, having its
_offices located at 1-45-1, Suzuki-Cho Kodaira-shi, Tokyo 187, Jepan, and the successors, assigns and legal
representatives of the ASSIGNEE all of their right, title and interest for the United States end its
territorial possessions and in all foreign countries in and to, any and all improvements in the invention
entitled: : o : : . : i

PROCESS DEPENDING OM PLASMA DISCHARGES SUSTAINED BY INDUCTIVE COUPLING

and which is .1‘6md in the so-titled U.S. patent app'lication Serial No. 08/567,224 filed on December &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 application or in any continuation,
“division, continuation-in-part, extension or substitute thereof, and any reigsue, reexamination or extension
of said Letters Patent and all rights under all International Conventions for the Protection of Industrial
Property. : ) . : ’ :

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

ASSIGNORS further covenant that ASSIGNEE 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 accessible to ASSIGNORS and that ASSIGNORS will testify as to the same in any interference, litigation,
or proceeding relating thereto and will promptly execute end deliver to ASSIGNEE or its legal representative
sny and all papers, instruments or affidavits required to apply for, obtain, maintain, issue or enforce said
. application, said invention and said Letters Petent and said equivalents thereof which may be necessary or
" desirable to. carry-out the purposes thereof. An attorney or record, or the attorney filing the application,
is authorized and requested by the execution of this assignment to insert into this assignment the execution
date of the application and/or the filing date and serisl number of the application when officiatly known.

ASSIGNORS request the Commissioner of Patents and Trademzrks to issue said Letters Patént of the United
States and any reissue.or exténsion theieof to. the ASSIGNEE. ) : ‘ o

: Elxec'\Jt:ed tﬁis : ] ’ ‘ . Signat'uvre of inventor
Rty ot (Dpdrte 179 | , 5
S ,‘ : o : N . Georgy Viﬁ&ﬁw .

Ss.

State of California . )

~

County of _San. Mateo

\ __ before me, ,@Hﬂj MW o - .
. persofial ly ared Georgy VinogradSv, O ghgkonally kngin to me ORQrproved to me on the basis of -

satisfactory evidence to be the person whose name is subscribed to the within instrument and acknowledged to
me that he/she exécuted the same in his/her individual capacity. ’ . C

my hand and official

U %o SUSAH L KEYSER n'
- Comm. # 1060531 .3
T

NQOTARY PUBLIC - CALFORNA
- San Mateo Courty

7

_ PATENT
REEL: 8289 FRAME: 0881
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PATENT
AT EY DOCKET NO. 079317001001
"7 ASSIGNMENT BY YHE INVENTORS

. Executed thls o : : . o ' ‘ Siénat‘ure of l_n\)entoj‘
QQM oy o /ﬂ/y,th /9%

‘State of CAltfornie

-—

Shimao Yoneyama

SS.

~ s

.Cc»untyof Sen Mateo . - ,,J Y

before me,
$peared Shimao Yoneyama D personslly

evidence to be the person whose name "is subscribed

" he/she a2xecuted the same in his/her individual capacity.

proved to me on the basis of sat\'éfactéry
trument and acknowledged to me that

hand and offjcial seal,

0.
Comm £ 10605
NOTAR auc wgulm %

WComm Expm ur, 31 19«

' 50905, P11

A | o PATENT
RECORDELD: 10/28/1996 RELL: 8289 FRAME: 0882
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A', -

'UNITED STATES DEPARTMENT OF COMMERCE
Patent and Trademark Office

Addb‘hsé COMMISSIONER OF PATENTS AND TFIADEMAHKS
’ Washmgton D.C. 2023

s sy

SERIAL NUMBER l FILING DATE g : ) FIRST NAMED INVENTOR ” TA'\{ TC}RMK Y DOC Mr: T NO. i\
/567, 224 12704795 FlL.AMM: _ . g .
S , : ( EXAMINER o
¥ ity ‘ L TaN2/ 1210 - -
TOWNSEND  AND TOWNSEND AND CREW ' o LOHRT Nh .-
TW EMEBARCADERD CENTER ETGHTH FLIDR e e
SAN FRANCTISOD oA 94111 : L ARTUNIT | PAPER NUMBER
: ' ' 1802 -
L2/1nse7
DATE MAILED:
This is a comrmunication from the examiner in charge of your aup.xcat.on
COMMISSIOMER OF PATE: NTS AND TRADEMARKS
' D This appilcatldn has been examined | _Responsive to communication filed on ______— i 03 . Tnis action is made final.
A shortened statutory, period for }gsponse to this action s set to expire. 6 month(s),’ 3,¢ . dalys‘ from the d_ate:of this letter.

Fallure to respond ,wlfhln the period for respohse will cause the-application to become abandoned. 35 U.8.C. 133

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

[0 Notice of References Cited by Examiner, PTO-892. . O Notice re Patent Drawing, PTO- 948
.3, D Notice of Art Cited by Applicant, PTO-1449. 4 [ Notice of informal Patent Application, Form PTO- 152
8. [ intormation on How to Etfect Drawing Changes, PTO-1474. e 4 :

Partl  SUMMARY OF ACTION

f1. B Clal.ms . : V- ;.0‘ - - : : — | are pending in the application.
‘OI the above, claims - ] : | ' 4 — .are wIthAra;/vn from conslder_étlon_.‘"
2. 0 claims _ : : _ : . . — ‘. _ ha\)e been cancelled.
3. O Claims _ - _ _ ;;e allowe-d.
. 4. D Claims ‘ : _ ' . - i are rejectgt‘j.
5. D Claims : ' " . — : | are objected to.
* 8. DY claims — \.‘-Z’jo ‘ : —— are subject to restriction or elecﬁon rélqulrement.

7. O this application has been filed with informal drawings under 37 C.F.R. 1.85'which are acceptable for examination purposes.
s. O Formal drawings are required in response to this Office action.

9. [1 The correéted or substitute drawings have been received on . Under 37 C.F.R. 1 84 these drawings
are [ acceptable. D not acceptable (see exptanation or Notice re Patent Drawlng, PTO-948).

.10. D The pro'posed additional or substl_tute sheét(s) of drawings, filedon has (have) besn D approved by the
: examiner. (1 disapproved by the examiner (see explanation). ' :

11.. O The proposed drawing correction, filed on : - has been O approved. D disapproved (see explanation).

1222 [ Acknowledgment is made of the claim for priority under U.S.C. 119. The certified copy has [J been received [ riot been received

(] been filed in parent éppl}lca,tl,on, serial no. ' : _; filed on _

13', O since this application appears to be in condition for allowance except for formal matters, prosecutlon as to the merits is closed in
‘accordance with the practice under Ex parte Quayle 1935 C. D 11; 453 0.G. 213

.

_14. O 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 requi.red under 35 U.S.C. 121:
I. ~ Claims 1-11, drawn to a process for fabricating a product, classified in class

216, subclasses 67 and 73. ‘
B Clalms 12-20, drawn to an apparatus for fabrlcatmg a product classified in

class 118, subclass 723R.

2. The in\rentions are distinct, each from the other because:

' Inventions I and II are related as process of making and product made. The inventions
are distinct 'if“ either or both of the following can be shown: (1) that the process as olaimed
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 advrsed that the response to this requirement to be complete must mclude
an election of the mventron to be examined even though the requirement be traversed (37

. CFR 1.143). ‘ '

5. Applrcant is reminded that upon the cancellation of claims to a non-elected invention,
the inuentorship 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 N . 3
ART UNIT - 1802
" Examiner should be directed to Susan A. Loring whose telephone number is (703)308-3998.
If atfempts to reach the‘ examiner by telephone are unsuccessful, the Examiner's
supervisor, James Housel, can be reached on: (703) 308-4027. The fax phone nvumber for this
Group is (703) 308-4242. | | |
Comm@ications via Internet e-mail regarding this apblicatipn, other than those under
35 US.C. 13’2vor which otherwise require a signature, may be used by the applicant and
should be addressed to [james.housel@uspto.gov].
All Internet é-mail communications will 'b‘e 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 éxp.ress waivéf of the confidentiaiity requirements of 35 Uv.S.C..122. _This 1S more
clearly set forth in the Interim Intémet;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 applicatioﬁ of
proceeding should be directed to the Group receptionist whose telephone number is (703)

308-0196. -

SUSAN A, Lonlu'smx)
PRIMARY EXAMINER

- GROUP 1800~
December 9, 1997
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R A
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 concermng drawmg review to the Drawing
, Rewew Branch (703) 305—8404 ‘

SUBSTITUTE PTO-948
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| AN 27-“& .
Attachment

" The drawings submitted with this application were declared
- informal by the applicant. Accordingly they have not beén
- reviewed by a draftsperson at this time. When formal o
- drawings are submxtted the draftsperson will perform a
review. |

Direct any inquires concerning drawmg review to the Drawing
4 Revnew Branch (703) 305—8404 :

SUBSTITUTE PTO-948

Page 126 of 139



Transaction History Date ! Wy ? “2 @

Date information retrieved from USPTO Patent
Application Information Retrieval (PAIR)
system records at www.uspto. gov

og\sen2y

UNITED STATES DEPARTMENT OF COMMERCE

Patent and Trademark Office

Address: COMMISSIONER OF PATENTS AND TRADEMAHKS
Washington, D.C. 20231

o b
Srargs of ©

La/ 04 /w0 FL. b In 1&

Ll /e, &

I APPLICATION NUMBER l FILING DATE I FIRST NAMED APPLICANT I ATTORNEY DOCKET NO. 1

MM L/ 07en
W LR TR 5
AT F LR | EXAMINER . . |

CND AR
: CENTER B
SON FRANCTSID Ca 94111

NI AT TOWNE

lEatd
‘ ' , [ amTunr |  papernuMBER
o

QT G

DATE MAILED:

NOTICE OF ABANDONMENT
This application is abandoned in view of:

Z[ Applicant’s failure to timely file a proper response to the Office letter mailed on_ !Z\ l Q\ il

- [J Aresponse (with a Certificate of Mailing or Transmission of ) was received on
, which is after the expiration of the period for response (including a total extension of

time of month(s)) which expired on
J A proposed response was received on _ ' but it does not constitute a proper respvonse' to the final
rejectlon : ) '

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

" [ No response has been received.

a Applicant’s failure to timely pay the requrred issue fee wnthm the statutory period of three months from the mailing date
of the Notice of Allowance.

L] The issue fee (with a Certi'f_icate of Mailing or Transmission of __ ) was received on

(J The submitted issue fee of $________is insufficient. The issue fee reqt.rired by 37CFR 1.18is $
[ The issue fee has not been received.

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

{J Proposed: new formal drawings (with a Certificate ot Mailing or Transmission of . ) were
received on '
O The proposed new formal drawings filed : ____are not acceptable. 3

O No proposed new formal drawings have been received.

The express abandonment under 37 CFR 1.62(g) in favor of the FWC applicatior\ filed on

The letter of express abandonment which is sngned by the attorney or agent of record, the assrgnee of the entire
interest, or all of the applicants.

. The letter of express abandonment which is signed by an attorney or agent (acting i ina representative capacity under
37 CFR 1.34(a) upon the filing of a contlnumg application.

The decision by the Board of Patent Appeals and Interferences rendered on____ = a ecause the period
for seeking court review of the decision has expired and there are no aflowed claims. ‘ A@
- . : { ( {3) L
SuS LQ

FORM PTO-1432 (REV. 10-95) : ' o : GROUP‘?W jt,H\

DDDUD

The reason(s) below:
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Transaction History Date wa /2 0;5

Date information retrieved from USPTO Patent ‘
Application Information Retrieval (PAIR)
system records at www.uspto.gov

% vmlaw (1 1-“l .

10/31/09. OMB 08510031
OF COMMERCE
m.

' é.......n...;;"'.::‘ému ARTMENT OF
muwmmdms&mmmmmmwwdbamathMlm
REQUEST FOR ACCESS OF ABANDONED APPUCATION UNDER 37 CFR 1 14(8)

inre Appuamn of S

pp(%; /u:g 72‘2.;/ m;z /7 /zr 'A

Group Art Unit Enm;mr

il

Peper No.

Assistant Commissioner for Pétents
Washington, DC 20231

| heraby requeat access under 37 CFR 1. 14(a)(3)(lv) to the nppllcaﬁcn file record of the above-
Identified ABANDONED application, which is: (CHECK ONE)

/7 ZZ/ column__;_,

l(/A) referrad to in United States Patant Number

—__(B) referred ta in an application that is open to public mspection as set fonh ln 37 CFR 1 11, le.,
Application No. ,fled __ . on page of

paper number

—(C)an appllution that clalms the benefit of the filing date of an apphcauon that is open to public
inspectmn. i.e., Application No. , filed _ .or

——(D)an appﬂadon ln which the apphcant has filed an authonzation to lay open the complele
nppllcation ta the pubtic. .

Pleasas direct any correspondences comﬁeming ihls request to the following address:

@z# Mg, T

SIgnature . . .
. Typed or printed na";e [ . FOR PTO USE ONLY .
: : Approved by:
(initials)
Unit:
on the neads of the individual

Burden Hour sm-mom: This form ia estimatad to take 0.2 hours to compiate. Time will vary depending ?
uired to.complete this form should be sent to the Chlef Information Ofﬁcar Patent

case. Any comments on the amount of time you are oqr
and Trademark Oﬂlcn. Washington, OC: 20231 DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADORESS. SEND
Assistant Commissioner for Patants, Wunmglon 0C 20231.
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Mnmmum OF ARG + -
MMMMCMWMGWOWM_tﬂ—Qﬂﬂl—m\ ?

O — ~

K
}X‘...-. g

-—-.-.l

REQUEST FOR ACCESS OF ABANDONED APPLICATIUN UNDER 7 CFR 1.14(3)

L

AMNW

’@#ECENTEE . 09/ <6 72_24 /z / 9//%”

-4e information i inj ‘ — - _
Fil : . ' - Paar No. ﬁ_

Assistant Commissioner for Patants
Wasningten, DC 20231 -

| hereby request accass under 37 CFR 1.14{a)(2)(v) ta the apstismzsa 22 recerd of the above-
idantfled ABANDCONED anpuc:mon. which iz (CHEZIX CNEY : .

___1A) refarred ta in United States Paten: Numcer éO/ 7/22/ ciumn
—— (B) referred to in an ap:ﬁwccn that i3 opan (8 gutlic inscacsan as satiormt in 37‘CFR 1.11,i8..
Appiication Na. _. flec on cage of
pagesr numbar : : ’

—(Can appﬁcaﬂnn that claims the cenerit cf the rling cam cf an apgscsien that is cpan to public
nspecton. i.e.. Appticzdien Na. flea __or

___ (D) an appticatan in which the appticemt has ilag an sume=zen s i; v coen the c.:mptaze
appticaton @ ma public.’
Plaase dimaany cnmuondence cenceming this request t tha folcwmg address:

ok s _ctfefy

Slan A
;@WW@ SR :
| Typed or printea name - FCRPTQUSE ONLY
: Agzroved by: %/

(nfiais) _ -

e T

ﬂ onie o~ L2 Ly

3ura!
=238,
ana

Asmgoant wa?am& Yasningen. o

.~ narvicual
an rous Siatamens This form 13 esumated (3 Laxe U2 “oury (o cemaotste. Tuna wau vary ceoenang ugen Ms neecs of Ne 1
10 comiate TS 10T =nould Ce sent ta tie Chiet Infarmsoan Officer. Patant
comments an (e amount of UMe vau are recuu"g_ci'g FEZZ CR COMPLETZD FORMS T3 THIS AGDRESS. SEND TO:

Anv
Trageman ch-. Wasmmawmn. 0C 22221, 20 SOT“

——o—w
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| hereby certify that this corresiondence is being deposited with ' PATENT ATENT
the United States Postal Service as first class mail in an envelope ‘ ) ? 63 :

addressed to: . Attorney Docket No.: 016655 0003OOUS

Asswtam Commlssioner for Patents,
Washington, D.C. 20231

el S 0om A' jj;}(

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 ‘
: S WITHDRAWAL OF

Filed: December 4, 1995 ATTORNEY OR AGENT UNDER

D 37CFR §1.36 - : :

| For: PROCESS DEPENDING ON PLASMA |

DISCHARGES SUSTAINED BY

INDUCTIVE COUPLING

Assistant Commissioner for Patents
Washington, D.C. 20231

Sir: | |
‘Pursuant to 37 CFR § 1.36, Townsend and Townsend and Crew LLP, attor}i‘éys 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 Cahforma 94596

By: _0%cm. I%@L

William J. Bohler -
- Reg. No. 31,487

TOWNSEND and TOWNSEND and CREWLLP  [3 I)iD ﬁr@u e ]
Two Embarcadero Center, 8th Floor ﬂ -d“ L 'm" il\_/ L

San Francisco, CA 94111-3834
Tel (415) 576-0200

Fax (415) 5760300 Sl s
| | / ;//
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File History Content Report

The following content is missing from the original file history record obtained from the

United States Patent and Trademark Office. No additional information is available.

Document Date - 2001-08-13

Document Title -  Petition Decision

This page is not part of the official USPTO record. It has been determined that content
identified on this document is missing from the original file history record.
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' PTO/SB/68 (09-06)

Approved for use through 3/31/2007. OMB 0651-0031

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

Under the Paperwork Reduction Act of 1995, no persons are required 1o respond to a collection of infarmation unless it dlsplays 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, Room 2E04

2900 Crystal Drive ) Apphcaton Number Fiied

Arlington, VA 22202-3514 ) ’ -
0 s-m 7»% be¢. ¥ /798

Telephone: (703) 308-2733 . : :

. ] , i Paper No. ’ Z_

| hereby request acceés under 37 CFR 1.14(a){1)(iv) to the application file reco rd 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 document (as shown in the attachment):

United StatesbPatent Application Publication No. , . Page, line
United States Patent Number 5 O I column \ , line, or
WIPO Pub. No._ _ page . line .

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

A member of the public, acting without a power to inspect, cannot order applications maintained in the IFW system

through the 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 internet
web site (www.uspto.gov). Terminals that allow access to Public PAIR are available in the Public Search Room.

" .The member of the public may also be entitled to obtain a copy of all or part-of the application file upon payment of
the 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 application as originally filed; or any document in the file of the pending

application.

For unpublished applications that are sfill pending:

. (1) If the benefit of the pending application is claimed under 35 U.S.C. 119(e), 120, 121, or 365 in another
-application that has: (a) issued as a U.S. patent, or (b) published as a statutory invention registration, a U.S.
patent application publication, or an 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) 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 international patent application publication in -
accordance with PCT Article 21(2), a member of the pubhc may obtain a copy of the pending application as

originally ﬂled

é}gnature

%‘WOMJ@D Kok o At

- Typed or printed name.

Reglstratlon Number, if applicable

Uoz} 3K - 1643

Telephone Number

This collection of information is required by 37 CFR 1.11 and 1.14. The information is required to obtain or retain w by the public which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This c8liection is estimated {o take 12 minutes to
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the-amount of fime you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief information Officer,
U.S. 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. BRING TO: File Information Unit, Room 2E04, 2800 Crystal Drive, Arlington, Virginia.

If you need assistance in completing the form, call 1 :-800,-}’ TO-9199 and select optioﬁ 2
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A B R A
_ US005965034A

United States Patent o

Vinogradov ct al.

(1] Patent Number: 5,965,034

[54] HIGH FREQUENCY PLASMA PROCESS "
WHEREIN THE PLASMA IS EXECUTED BY
AN INDUCTIVE STRUCTURE IN WHICH
THE PHASE AND ANTI-PHASE PORTION OF
THE CAPACITIVE CURRENTS BETWEEN
THE INDUCTIVE STRUCTURE AND THE
PLASMA ARE BALANCED

[75] Inventors: Georgy Vinogradov; Shimao
Yoneyama, both of Yamanashi, Japan

[73] As.signee‘: MC Electronics Co., Ll'd., Tokyo,
Japan

‘(211 Appl. No.: 08/739,037
[22] Filed: Oct. 28, 1996
Related U.S. Application Data

[63] Continuation of application No. 08/567,224, Dec. 4, 1995,

abandoned.
[51] Int. CLE oo HO5H 1/00
[52] US.Cl e 216/68; 156/345; 118/723 I,

118/723 IR; 315/111.21
... 156/345; 118/723 1,
11.21; 216/68; 438/729

[58] Field of Search
. 118/723 1

(56) References Cited

U.S. PATENT DOCUMENTS
918,031 4/1990 Flamm e

[45] Date of Patent:

5,241,245  8/1993 "
5,346,578 9/1994 Be
5,534,231  -7/1996 Savas .. .reverivvenimmnininn

Sevick, J., (1991) “Baluns” in: Transmission Line Trans-
formers, 2nd Edition, The American Radio Relay League,
Connccticut, pp. 9-1 to 9-3.- .

Primary Examiner—Thi Dang
Attorney, Agent, or Iirm—TFish & Richardson P.C.

[57] ’ ABSTRACT

A process for fabricating a product including the steps of
subjecting a substrate to a composition of entities, at least
one of the entities emanating from a species generated by a
plasina excited by a high frequency field provided by an
inductive coupling structure in which the phase and anti-
phase capacitive currents into the plasma are substantially
balanced. ‘

.20 Claims, 11 Drawing Sheets

24

v 10
- o1 20 & 21

1 | | 4
L J=- o % o 28

— ! ' or ' 2 N\°

L : O . 0] —_—

O o) :
\\36 —»0) ) 27

16

Oct. 12,1999
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United States Patent p9)

Flamm

RIS ....I (R

[11] Patent Number:
(4s] Date of Patent:

6,017,221
Jan. 25, 2000

[54] PROCESS DEPENDING ON PLASMA
DISCHARGES SUSTAINED BY INDUCTIVE
COUPLING

[76] Inventor:
Walnut Creek, Calif. 94596

[21] Appl. No.: 08/866,040

[22] Filed: May 30, 1997

Related U.S. Application Data

[63] Continuation-in-part of application No. 08/736,315, Oct. 23,
1996, abandoned, which is a continuation of application No.

08/567:%%2: ggec E %995f abandoned.

(51] Int.CL’
[2) US.CL ..

HO1L 21/00
.. 437/225; 437/228; 437/233;
156/643; 156/192.25; 204/192.32

[58] Tield of Search ... 118/50.1; 156/643,
156/345, 646, 659.1; 219/121.41, 121.44;

204/192.1, 192.12, 192.25; 427/12; 216/2;

437/225, 228, 233

(56  References Cited
U.S. PATENT DOCUMENTS

3/1975 Gabriel .
1/1983 Steinberg et al. .
4/1990 . Flamm et al. .
7/1990 Asmussen et al. ......coccnnnnas
8/1993 Johnson .

5,241,245  8/1993 Barnes et al. .

5, 304 282  4/1994 Flamm .

5,361,016 11/1994 Ohkawa et al. ....cocoeverviene

3,873,884
4,368,092
4,918,031
4,943,345 -
5,234,529

156/643
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Daniel L. Flamm, 476 Green View Dr.,

315/111.41

5,431,968  7/1995 Miller et al. .
5,534,231  7/1996 Savas .
6/1997 Ishii et al. .

5,637,961
) OTHER PUBLICATIONS

Asmussen et al., “The Design of a Microwave Plasma
Cavity,” Proc. of IEEE, 62(1):109-117 (Jan. 1974).
Eckert, “The Hundred Year History of Induction Dis-
charges,” 2" Ann. Int’l Conf. Plasma Chem. Tech., (1984).
Fossheim et al., “Broadband tguning of helical resonant
cavitites,” J. Phys. E. Sci. Instrum., 11:892-893 (1978).
Niazi et al. “Operation of a helical resonator plasma source,”
Plasma Sources Sci. Technol., 3:482-495 (1994).
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