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Assignee:
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. A ~ BY INDUCTIVE COUPLING _ ' 0 '

BACKGROUND OFTHE4 lNVEl\ITION
5 ' p This invention relatesgenerally to plasma processing. More

..... ___..._......__._................_.............,........_. _.. _.... ....,

particularly, the invention is for plasma processing of devices using an inductive ‘ T
discharge. This invention is illustrated in an examp1e_with regard to plasma 1

etching and resist stripping of semiconductordevices. The invention also is I‘

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 p

applicability. Merely by way of example, the invention also can be applied in
other plasma etching applications, and deposition of materials such as silicon,

I silicon dioxide, silicon nitride, polysilicon, ?amo1ig othersV.:

Plasma processing techniques can occur in a variety of

15 semiconductor manufacturing processes. Examples of plasma processing

techniques occur in chemical dry etching (CDE), ion-assisted etching (IAE), and
plasma enhanced chemical vapor deposition" (PECVD),.including remote plasma

deposition }(RPCVD) and ion-assisted plasma enhanced" chemical vapor deposition T

' (IAPECVD). These plasma processing tecphniquesdoften rely upon. radio frequency

20 power (rf) supplied to an inductive coil for providing power to gas phase species in

forming a plasma.’ A I A V I
‘ Plasmascanbe used to form neutri-al species (i.e., uncharged) for T

’ purposes of removing or forming films in the manufacture of integrated circuit
devices.‘ For instance, chemical dry etching generally dependson gas—surface

25 4 reactions involving these, neutral species without ‘substantial ion bombardment.

p In othermanufacturing processes, ;ion bombardment to substrate

surfaces is oftenundesirablle. This ion bombardment, however, is known to have T
harmful effects on properties of material layers in devices and excessive ion

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

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

material formed in the processing environment into substrate material layers,’_ V

harmful changes in substrate morphology (e._g. arnophotization), etc.“

Intel corp; et all. 0 Exhibit 1007



 

        

           

         

            

       

        

        

             

         

            

            

             

         

           

          

           

           

           

        

            

            

        

       

           

          

          

          

           

           

             

Intel Corp. et al.    Exhibit 1007

10

15‘

20

25

30

2 g 016655-003000.

Ion assisted etching processes,‘ however, rely upon ion bombardment"

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

processes commonly have a lower_ selectivity relative tolconventional CDE

processes. ‘Hence, CDE often chosen’ high selectivity is desired and ion v
. bombardment to substrates:are' to be avoided.

One commonly used chemical dry etching technique is conventional

photoresist stripping, often. termed ashing or stripping. Conventional resist V A
stripping relies upon a reaction between a nfeutral gas phase species and a surface
material layer, typically for removal. ’This§j:react:ion generally forms volatile
products with thersurface material layer forits removal. The neutral gas phase

"species formed by a plasma discharge. _ This plasma discharge can be sustained 0
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 fstripper, which described by US.

- Patent No. 4,368,092 in the name of 'Steinlierg e_t Q.

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

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

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

often difficult to achieve using conventional techniques. ‘These conventional

techniques generally attempt to control ion flux by suppressing the amount of
charged species in the plasma source reaching the process chamber. V A variety of I
techniques for suppressing these charged species have been proposed. 1

These techniques often rely upon shields, baffles, large separation
V distances between the plasma source and therchamber, or the like, placed between

the plasma source and the process‘ chamber] The conventional techniques

3 generally attempt to directly suppress charge density downstream of the plasma 0
a source by interfering with convective and diffusive transport of charged species.

‘ - ' 3

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

surface area (e.g., bafflesfetc.) relative to volume, or increasing flow time, which i

relates to increasing the distance between‘ the plasma source and the process
. I = . _ 5‘ . I ,

chamber. '

Intel" Corp. et al. 0 Exhibit, 1007
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These baffles, however, cause loss of desirable neutral etchant

species as well. The baffles, shields, and alilce, also are often cumbersome.‘ A

Baffles, gshields, or the large separation distancesialso cause undesirable
recombignative loss of active species and sometimes cause radio frequency power
loss and other prdblems. These bafflesandi shields alsoare a potential source of

particulate contamination, which is often damaging to integrated circuits. I V
l Baffles, shields, spatial separation, and alike, when used alone also

are often insufficient to substantially prevent unwanted parasitic plasma currents;
These plasma currents are generated between the wafer and the plasma source, or
between? the plasmasourceiand walls of thelchamber. _It is commonly known that

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

species are accelerated andvvdissociative collisions withneutral particles can

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

charge and rf potentials are present; the parasitic‘ plasma in the vicinity of the
process lwafer can reach harmful charge density levels. In some cases, these

charge densities maybe similar to or evengreater 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

deleteridus effect.‘ This voltage difference-enhances electric fields that can

accelerate extraction of charge from the plasma source. Hence, their presence
often induces increased levels of charge to be irregularly transported from the

plasma source to process substrates, therebyfl eausing non-uniform ion assisted
etchings I l ‘E If .

Coiiventional ion assisted plasma etching, however, often requires

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

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

of ion flux intensity andruniformity are oftendifficult to achieve using conventional

techniques. For instance, capacitive coupling between high voltage selections -

of the cell and the plasma discharge often cause highlanduncontrollable plasma

potentials relative to ground. It is generallylunderstood that voltage difference

Intel Corp. et a1_. Exhibit 1007_



 

           

          

           

             

           

         

          

      

          

           

        

             

         

          

            

         

           

      

        

          

            

           

             

         

             

   

      

            

           

         

          

Intel Corp. et al.    Exhibit 1007

i0

15

20

’25'

30

» 4}, V; .. V . ‘ 16655-003000‘ 4‘

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 excitation. Hence, the energy of charged particles

from plasma in conventional "inductive sources is spread over arelatively wide

range of energies, which undesirably tends to introduce uncontrolled variations in
the processing of articles by the plasma. e

The voltage difference between the region just outside of a plasma
‘source and the processing chamber can be modified by introducing. internal

' conductive shields or electrode elements into theiprocesvsing apparatus downstream

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

electrodes, however, there is a tendency "to generate an undesirable capacitive

discharge betweenpthe shield and plasma source.’ These electrode elements are

often a-source of contamination and thei.likel=i;hood for contamination is even

greater when there is capacitive discharge (ionvbombardment from capacitive _'
discharge is a potential source of sputtered‘ material). ' Contamination is damaging

to the manufactu_re of integrated circuit devices. I

Another limitation is that the'shield_or electrode elements generally ~

require small holes thereinas structural eleifnents‘. ‘These small holes are designed

to allow gas to flow therethrough. The small holes, however_, tend to introduce"
unwanted pressure drops and neutral species recombination. If the holes are made

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

unwanted downstream charge flux_ will often: ‘result. In addition, undesirable

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

undesirable hollow cathodeieffect. ' ii
I In conventional helical_ resonator designs, conductive external

shields are interposed between the inductive‘ power'(e.g., coil, etc.) and walls of i

the vacuum vessel containing the plasma." ivariety limitations with these external

capacitive shielded plasmajdesigns (e.g., helieal resonator, inductive discharge,
etc.) have been observed. in particular, the capacitively shielded design often

i

Ihtel~Co1'p. et al. - Exhibit 1007
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produces plasmas that are difficult to tune even ignite. Alternatively, the use

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

conventionalvhalf-.wave resonator, et‘c.;) attainga substantial plasma potential from

capacitive coupling to thecoil, and hence are prone to: create uncontrolled.lpar_asitic

_ plasma currents to grounded surfacesf Accordingly, the use of either the shielded

or the unshielded sources using conventional quarter and half-wave rf frequencies
produce undesirahyle results. A I

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

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

_increases the difficulty and expense of implementing effective cooling means.
Inductive currents may also be coupled from ltheexcitation coil into internal or

capacitive shieldsiandthese currents are an additional source of undesirable power

loss and heating. Conventional‘ capacitive “shielding in helical resonator discharges

_ utilized-’a shield which was: substantially split along the long axis of the resonator
to lessen eddy cuirent loss} ' However, such ‘a shield substantially perturbs the

resonator characteristics owing to unwanted? capacitive coupling and current which
flows from the coil to the shield. Since there are no general design equations, nor
are propertiescurirently known for resonators which are "loaded" with a shield I

alongthe axis, sources using this design must be sized: and? made to work by trial
and error. -

I_n inductive discharges, it is highly desirable to be able to
substantially control the plasma potentialtrelativev to ground ipotential, independent

. . L ' ' ‘ . . . ll ' - . I I .
of input power, pressure, gas composition and other variables. In many cases, it

is desired to have theplastna potential bevstibstaritially-at ground potential (at least

offset from ground potential by an amount insigiiificanitlyé different from the
floatingpotential ior intrinsic DC plasma‘po:tentia'l). For example, whena plasma

- , source‘ is utilized lto generate neutral species to be transported downstream of the

source for use in fashing resiston a semiconductor device substrate (a wafer or flat

panel eliectronicdisplay), the concentration and potential of charged plasma species

in the reaction zone are desirably reduced to avoid charging damage from electron

Intel Corp. etial. Exhibit 1007f
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or ioniccurrent from the plasma to the device. When there is a substantial

potential difference between plasma in the source and grounded surfaces beyond
the source, there is a tendency for unwanted parasitic plasma discharges to form

outside of the sourcelregioiij I l V
’ Another undesirable effect of potential difference is the acceleration

of ions toward grounded surfaces and subsequent impact of the energetic ions with
surfaces. High energy ionbombardment may cause. lattice damage to the device
substrate being processed and may cause chamber wall or other chamber’

materials to sputter and contaminate device iwafers. In other plasma processing

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

the case particulaily for anisotropic ion.-iliidiliced plasma etching procedures (for a

discussion of ion-jenhanced plasma etching rlriechalnisms s'_¢e Flamm (Ch. 2,pp.94-

183 in lglasma Etehing, An Introduction, Di M. ‘Manos and D.L. Flamm, eds.,
Academic Press, -1989)). Consequently, luncontrolledfpotential differences, such as"

that caused" by "stray" capacitive coupli_ng«f_r"om the coil of an inductive plasma
source to the plasma, are undesirable. A

e Referring to the above limitations, conventional plasma sources also
have disadvantages when used in conventional plasma enhanced CVD techniques.
These techniques commonly form a reaction of a gas composition in a plasma

. I n . . . - - a

discharge. One conventional plasmaienhanced technique relies upon ions aiding in.

rearrangirig and stabilizingjlthe film, provided the bombardment from the plasma is
not sufficiently eiliergetic to damage the untleilyiiig' substrate‘ or the growing film.
Conventional resonators and other types of iiidu_c:tive discharges often produce _
parasitic plasma currents. from capacitive coupling, which often detrimentally
influences film quality. e.g., an inferior’ film, etc. These -parasitic plasma .currents

are often uncontrollable, and highly undesirable. These plasma sources also have _ A

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

and others. Of course, the particular disadvantage will often dependiupon the ‘

application. l A l I V A e
To clarify certain concepts usejd'in_ this application,» it will be

convenient to introduce these definitions.‘

, Intel Corp‘. et alllllllllgirhibitl 1007"
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Ground (or ground potential);‘These terms are defined as a
reference potential which is generally takenas the potential of a

highly conductive shield or other highly conductive surface which
surrounds the plasma sourcefl "To be a true ground shield in the
sense of this definition, the conductance at the operating
frequency is often substantially. high so that potential differences
generated by current" within the shield are of negligible magnitude 9
compared to potentials-intentionally applied to the various structures
and elements of the plasma source or substrate support assembly.
However, some realizations of, plasma sources do not incorporate a '
shield or surface with adequate electrical susceptance to meet this
definition. In implementations where there is a surrounding '
conductive surface that is somewhat similar to a ground shield or
ground_plane, the ground potential is taken to be the fictitious
potential which the imperfect grounded surface would have _

‘ equilibrated to if it had zerohigh frequency impedance. In designs"
where there is no physical surface which is adequately configured or _
which does not have.insuff_1cient susceptance to act as a "ground" '
according to. the above ‘definition, ground potential is the potential of
a fictitious surface which is equi-potential with the shield_ or ' _

"ground."A 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 RF} generator with a balanced transmission.

line RF feed, "ground"; potential is the average of the driven feed '
line potentials atthe point.where the feed lines are coupled to the
plaismaesource. I ‘

Inductively Coupled Power: Thisiterm is defined as power
transferred to the plasma substantially by means of a time—varying
magnetic flux" which is induced within the volume containing the

- plasma source. A time—varying magnetic flux induces an
electromotive force in "accord with MaXwell’s equations. This
electromotive force induces motion by electrons and other charged

' ‘ ' par.ticles,in the plasma and thereby imparts energy to these particles.
. {,2 _

RF: inductivepower source and bias. power supply: In most- a
conventional inductiveplasma source reactors, power is supplied to
an inductive coupling element: (the; inductive couplingelement is
often a multi—turn coil whichiabuts a dielectric wall containing a gas

where the plasma is ignited at lowé pressure)_by an rf -power
generator. v I 2 '_ Q ' ‘ Il

Conventional Helical:Resonator: Conventional helical resonator can
be fdefmed as plasmafapplicators. 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

a ~ Intel corp. et all». E>_;hibit1007‘
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of Flamm‘ gr a_1., U.S. Paten“t;,No. f4,368§,092 in the name of
Steinberg et ._a1., U.S:Patent§No. 5,304,282 in the name of Flamm-,
U.S. Patent,No. 5,234,529 in the name of Johnson, U.S. Patent No.
5,431,968 in the name of Miller, andothers. In these
configurations, one end ofthe helical resonator applicator coil has
been grounded 'to'its outer shield. ,- In one conventional
configuration, a quarter wavelength helical resonator section is
employed with one end of the,applicator coil grounded and the other
end flo_atingv_(i.e., open circuited). A trimming capacitance is
sometimes connected between the grounded outer shield and the coil _
to "fine tune" the quarte_r wave structure to a desired resonant

frequency that is below the na_tive resonant frequency._without added
capacitance, In another,con._vjentiona1 configuration, a half- _ 1
wavelength helical resonator section was employed in which both-
ends of the coil were grounded. The functionof grounding the one
or both ends of the coil was-believed to be not essential, but

advantageous to "stabilize the iplasina operating characteristics". and‘
"reduce the possibilityjof coupling stray current to nearby objects."
&::tU.S. Patent No. i4‘,918’,031. ' I

Cohventional resonators have; also been constructed in other.
geometrical ‘configurations. For instance, the ‘design of helical .
resonators. with a shield of square {cross section is described in
Zverev gt a_ll, IRE Transactions on Component Parts, pp. 99-110,
Sept. 1961. Johnson (U.S. l?a'tentNo. 5,234,529) teaches that one ‘
endof the cylindrical spiral coil inla 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 gt al. teach the, use of. conventional helical resonators in
which the spiral cylindrical. coil isgentirely deformed into a planar
spiral arrangement with no helicalicoil component along the
sidewalls of the plasma sourcfe3(thi_s geometry has often been
referred to as a "transformer€coup__led plasma," termed a TCP).

Frc;)m the above it is seen tha't'an improved technique, including a
. method and apparatus, for plasma processing is often_desired.

L 
The present invention provides’ a technique,’ including "a. method and

apparatus, for fabricating a product using a,p:lasma discharge. The present
technique relies upon the control of the instantaneous plasma AC potential to
selectively control a variety ofplasrna characteristics. ‘These characteristics

\

llntgel Corp. et al. Exhibit 1007“
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include the amount of neutral species, the arnount of charged species, overall

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

distribution of electrical current, and other':s:..TThis technique can be used in
applications including chernical dry etchih_g_E'(e.g.:, stripping, etc.), ion-enhanced
etching, plasma immersion: ion implantation? Fchefrnical vapor deposition and
material growth, andothers; I I

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

’ provided. These productsjinclude a varietiesjof devices (e.g., semiconductor, flat

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

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

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

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

vector sum of phase and anti-phase capacitiveucoupledlvoltages (e.g., _AC plasma

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

provides for a technique that is substantially,free' from stray or parasitic capacitive

I coupling from the plasma source tochambiegr bodies (e.g.,, substrate, walls, etc.) at

or near ground potential. ‘

In another aspect of the invention, another process for fabricating a

product is provided. The process includes’ gteps lof subjecting a substrate to a ~

composition of entities. At least one of me! entities emanates from a, species

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

vector sum of phase and anti-phase capacitivecoupled voltages. from the inductive

‘coupling structure is selectively "maintained: A This process provides for a technique

that can selectively control the amount of capacitive coupling to chamber bodies at

or near ground potential. 5 _

A further aspect‘ of theainvention provides yet another process for

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

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

generated by -a gaseous discharge excited bia high frequency field in which the. - : '5 - ‘ ‘

vector sum of phase and anti-phase_capaciti'ye coupled voltages from the inductive

coupling structure is selectively fmaintainedgf ;A further‘ step of selectively applying

Inte1Coi‘p. et al. Exhibit 1-007 ‘
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a voltage between’ the at least one of "the entities in the plasma source and a
substrate is provided. This process provides .:for technique thatcan selectively

control the amount of capacitive coupling chamber bodies at or near ground
potential, and provide for a drivingjvnltafigeibetwteen the entities and a substrate.

Ancther aspect of the inventicn prcvides another process for i
fabricatingta product. The process comprises steps of subjecting a substrate to a
composition of entities, and using the resulting substrate for completion of the
product. At least one of the entities emanates from a species" generated by a

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

inductive coil, transmission -line, etc‘. Thjisnjplasma applicator has an integral
current driven. by=capacitive coupling of a plasma column to elements with a

selectedipotential-‘greater than a lsurroundingli shield potential substantially equal to »

capacitive coupling of the plasma columnto: substantially equal elements with a

In a further aspect, the.invent_ion provides an apparatus for
fabricating a product. The apparatus has arienclosure comprising an outersurface
and-an inner surface. The enclosure houses ‘a gaseous discharge. The apparatus
also includes’ a plasma applicator (e.g., helical coil, inductive coil, transmission
line, etc.) disposed adjacent to the outer surface. A high frequency power source

operably coupled to the plasma applicator isliincluded. The high frequency power
source provides high frequency to exciteithef gaseous discharge to provide at least '
one entity from aihigh frequency fielding the vector sum of phase and anti-
phase capacitive current coupled from the inductive coupling structure is
selectively maintained. H 2 i

! In another anpect, theipresient invention provides an improved
plasma discharge iapparatusj. This plasma dischatge apparatus includes a plasma

‘source, a plasma applicator (e.g., inducti've:'coilg-transmission line, etc.), and other
elements.‘ This plasma applicator providestta de-coupled plasma source. A wave

adjustment circuit (e.g.,! RLC circuit, coil, transmission line, etc.) is operably
coupled to the plasma ‘applicator. The wave adjustment circuit can selectively
adjust phase and anti-phase’ potentials of ‘plasma from an rf power supply. This

l

Iritel Corp. et ‘al. Exhibit 1007
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1
‘if

-rf power supply operably coupled to thewaveiadjustment circuit.
The present invention achieves these benefits in the context of

known process technology; However, aIfurIt_f1er understanding of the_ nature and

advantages of the present invention may be realized reference to the latter

V portions; of -the specificationand attache,djdrIaIwings..

. IBRIEF DESCRIPTION THE DRAWINGS

Fig.]1 is a simplified diagram of a plasma etching apparatus ‘I
according to the present invention; I I I

Figs. 2A-2EI' are simplified configurations using wave adjustment
circuits according to the present invention;I I p

I _ Fig. 3 is a sIimplified’diagram-of a chemical vapo_r deposition
apparatus according to the present invention;_

I Fig. 4 is a simplified diagram: of a stripper according to the present
invention; I e I I I I

I Figs. 5A—5CI are more detailIedI simplified diagrams of a helical

resonatoraccording to the present invention; I I
Fig. 6 is a c‘onventional‘quarIter—wave helical resonator plasma

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

conventional design;

coil of the Fig. 6:; apparatus;

Fig. is a simplified top-viewdiagram of ‘a stripping apparatus
according to the present experimentsj and e I I I

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

DETAILED DESCRIPTIOi\Il THE INVENTIOIN

Fig. 1 is a_ simplified diagram of plasma etch apparatus 10
according to the present invention. This1et§I:IhI apparatus is ‘provided with an

inductive applicator, e.g., inductive coil. This etch apparatus depicted, however,

iméi COI1‘p._ et ai. Exhibit 1007

Fig. 7 is a simplified dI,iagIrarIr:il_I(I)f the Irf voltage distribution along the
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is merely an illustration, and should not lirriit the scope ‘of the claims as defined
herein. One of ordinary skilled in ,the*art may’ implement the present invention
with other treatment chambers and the likeii j V V: I

. . V ' The etch apparatus includes acharliiber '12, a feed) source 14, an.
’ 5 t V exhaust 316, a.pedestal 18, an inductive appllgicator 20, a radio frequency (rf) power

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

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

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

The chamber 12 "can be any suitable chamber capable of housing a
10 product 28, such as awafer to be etched, for providing a plasma _discharge

_therein.: The chamber can ,be a domed chamber for providing a uniform plasma
distribution over the product 28 to be‘ etcheil, but the chamber also can.be ' I 2

configured in other shapes or geometries, g.‘,vflat ceiling, truncated pyramid,

cylindrical, rectangular, etc. Depending upion the application, the chamber is
15 A selectedto produce a uniform entity density over: the "pedestal 18, providing a high

. I densityof entities? (i.e., etchant species) foriietchiing uniformity. 2

1 The present chamberiincludesf a dome 25 having an interior-surface u
26 made‘ of quarta or other suitablematerials; The exterior surface of the chamber
is typically a dielectric material such as a ceramic or the like. Chamber 12 also

20 includes a process kit withia focus ring 32,’ cover (not shown), and other
4 elements. Preferably, the plasma dischargeis derived from the inductively coupled

plasma source that is a de-coupled plasma sburce (DPS) or a helical resonator,

although other sources canbe employed; A i V _
i » ' Thelde-coupledisourcie origingates from rf power derived from the

25 ' inductive applicator 20. Inductively coupled power isiderived from the power.
source'22. - The signal fre‘quencies:Erangi‘rig; frolgm 800 kHz.to 80 MHz can be
provided to the inductive applicator§;2'O. iPieferatE)ly, the rf signal frequencies range
from 5 MHz to MHz. The inductive iapiilicatior (e.g., coil, antenna,
transmission line,§ etc.) overlying the chamber ceiling can be made using a variety

. 30 p of shapes and ranges of shapes. i For example, the inductive applicator can be a .
single integral conductive film, a transmission line, or multiple coil windings. The

1 . 4 Intel Corp. et-alt. Exhibit 1007. '
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shape of the induetive applicator and its location relative to the chamber are

selectedrto provide a plasma overlying the pedestal to improve etch uniformity._
The plasma discharge (or plasma source) is derived from the

induct_ive applicator 20 operating at=selected phase 23 and anti—phase 27 potentials I
(i.e., voltages) that substantially cancel eachiother. The controller 36 is operably
coupled to the wave adjustment circuits 24, 29.’ ‘In one embodiment, wave

adjustment circuits 24, 29 provide lanlinductive applicator operating. at full-wave
multipleis 21. This embodiment of hfull-waive multiple operation provides for
balanced capacitance ‘of phase 23 and anti-phase voltages 27 along the inductive . 1

applicator (or coil adjacent to the plasma).-‘ iThisj.dfull-wave multiple operation-
reduces or substantially eliminates the amount of capacitively coupled power from

the plasma source to chamber bodies te.g,, Efpedestal, walls, wafer, etc.) at or close I
I to ground potential. Alternatively, the wave adjustment circuits 24, 29) provide an

inductive applicator that isueffectively made; shorter" or longer than a full—wave

lengthmultiple bya selected amount, thereby operating at selected phase and anti-

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

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

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

cancel each other‘, thereby providing" éubstahtially no capacitively coupled power .
from the plasma source to the chamber bodies. .-

_ In alternativelembodiments, the wave adjustment circuit can be

configured to provide selected phase-andvanfti-phase coupled voltagescoupled from _
the ind1ictive'applicator to the plasmaithatldio not cancel. This provides a
controlled potential between the plasma and the chamber bodies, e. g., the

substrate, grounded ‘surfaces, walls,"etc. l Innone embodiment, the wave adjustment

' circuits can be used to selectively reduce current: (i.e., capacitively coupled

current)‘ to the plasma. Thjiscan occur when certain high potential difference

"regions of the inductive applicator_ to. the plasmafare positioned (or kept) away I

from the plasma region (or inductor—contai1iiing-the-plasma region) by making them

go into the waferadjustment circuit assemblies, which are typically configured

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

Intel corp, et al. Exhibit 1007
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and a selected degree_ of symmetry between: the phase and, anti-phase of the coupled

voltages is maintained‘, thereby providing ajiselected potential oreven substantially
ground potential. - In otherfembodimeiits, thiewave adjustment circuits can be used

to selectively increase current (i.e., capacitiixfely coupled cgurrent) to the plasma.
As shown, the wave adjustment circuits are attached (e.g.,

‘connected, coupled, etc.) to endsof. the inductive applicator. Alternatively, each i

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

' from the inductive application ends. .Accordi'ngly, upper and_lower tap positions V I

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

applicator portioris below and above each tap: position are active-. That is, they"

both can interact with the plasma ldischargej A I I

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

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

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

apparatus can maintain the'7average AC potential Eat zero.or a selected value relative
to ground or-any other reference value. Tliis: wave adjustment_circuit provides for
a selected potential difference -between the plasma source _and chamber bodies. 4
These chamber bodies may be at a ground poteniiall or a potential supplied by

another bias supply, e.g.,_§g Fig. 1 referehce numeral 35. ‘Examples of wave .
adjustmentcircuitis are described by way of‘ the l:7igs. below.

' For instance, Figs. 2A to 2B3 are simplifiedconfigurations using the ‘
wave adjustment circuits according to the presentinvention. These simplified

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

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

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

length (if the wave adjustment circuits in se:ries with the inductive ‘applicator
coupling? power to the ‘plasma is substantially an integral multiple of one
wavelength." In other embodiments, the ciirciiit elements_ provide for inductive
applicators at other wavelength multiples, e€.g., one—sixteenth—wave, one—eighth—

: 1 ' 5 -

wave, quarter—waye, half-wave,,three-quarter wave, etc. "In these embodiments

(e.g., ful1—wave multiple, half-wave, quarterlwave, etc.), the phase and anti-phase ‘

T -—-———+:r—,_-g-~.-?~---i -5---I-W ”‘~i"“‘““"‘“«‘“i":“"““‘:”“"“‘”InteF€orpfet‘at.'T**E3'<11ibif'"1007
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  f 5
relationship between the plasma potentials siibstaittially cancel each other. In

further embodiments, the wave adjustmentjeircuits employ circuit elements that
provide plasma applicators, with phase andjartti’-phase potential relationships that do
not cancel each otherout using a variety «oi:lwav<=.: length portions.

A Fig. 2A.is an: simplified illustrationiof an embodiment 50 using wave
adjustment circuits according to the present invention. ' This embodiment '5(l
includes a discharge tube 52, an inductive applicator 55, an exterior shield 54,. an
upperwave adjustment circuit 57, alower wave adjustment circuit 59, an rf power
supply’6l, and other elements. The upper wave adjustment circuit 57 is a helical
coil transmission line portion 69, outside the plasma source region 60. Lower A

wave adjustment circuit 59:also is a helical (coil transmission line portion 67

outside of the plasma_ source region 60.’ Thfeipowervsupply 61 is attached 65 to‘
this lower helicalcoil portion 67, and is 63.j Each of the wave
adjustment circuits also are shielded 66,- .1 l t 7

,In this embodiment, the wavéiadjdstment circuits are adjusted to
providesubstantially ‘zero AC voltage at one point on the inductive coil (refer to _

point in Fig. 2A). This embodiment alsolproivides substantially -equalphase 70
and anti-phase 71 voltagedistributions in directions about this point (refer to Oi)-A
and OO—C in Fig. 2A) and provides ‘substantially equal capacitance coupling to the

plasma from physical inductor elements (.00:-"C) and (O0-A}, carrying the phase and
anti-phase potentials. Voltage distributions :0_0—A and 00—C are combined with CD. .
and A-B (shown by the phantom lines) would substantially comprise a full—wa_ve p

voltage distribution in this embodiment where the desired configuration is a

flselectedphase/antiphase portion of a ful»l%wi:1ve inductor (orihelical resonator)
surrounding the plasma source discharge ‘

Injthis emboidiment, it is desiiirablei. to reduce or minimize capacitive 5

coupling current from the inductive element to the plasma discharge in the plasma
source. 3 Since the capacitive current increases monotonically with the magnitude of

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

C in Fig’. 2A, this coupling can be lessened‘ byreducing this voltage-difference. *In
Fig. 2A, for example, it is achieved by of two wave adjustment circuit_s 57,

t iIrttelCo1‘p. etal. ‘Exhibit 1007 0
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« 59. Coil55 (or dischargesource) is a helical ,re§onator and thewave adjustment

circuits 57, 59 are helical resonators. _ _ t

"The discharge source helical: resonator 53 can be constructed using

conventional design formulae. Generally, this helical resonator includes an, _ _ ,. . _

electrical length which is a;. selected phase portion "x" (A to 00 to C) of afull-
. wave helical resonator. The helical resonator wave adjustment circuits are each

iselectedfto comprise a portion (21r-X) ‘of fullawave helical resonators. Physical
parameters for the wave adjustment helical resonators can be selected-to realize

‘practical physical{dimensio’ns and appropriate: Q,‘ Z0, etc values. In particular,’

« some or even all of the transmission line parameters (Q, 25, etc.) of the wave

adjustmentcirculit: sections ‘may be selected to be substantially the same as the
transmission line parameters of the inductive «applicator. The portion of the

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

sized to provide selecteduniformity values‘ over substraterdimensions within an

economical equipment size and reduced Q.; V T

V . The wave adjustment circuitfi provides for external rf power‘

coupling, which can be used to control andlrnatch power to the plasma source, as

.compared to conventional techniques used ihhelical resonators and the like. In

particular, conventional techniquesoften match to, couple power to, or match to

the impedance of; the power supply to the helnicala resonator by varying a tap

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

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

position. using a conventional matching networ'k,le.g.,' LC network, 1r network,-

etc. Varying this tap position along the coil within aiplasma source is often
cumbersome and generally" imposes a difficulit mechanical design problems. Using ~

the fixed tap and external matching network also is cumbersomeand can cause
unanticipated changes in tlie discharga;Q, therefore influences its operating
mode and stability. In the present embodiriientsj the wave adjustment circuits can
be positioned outside of the plasma source ior constrained in space containing the

inductive coil, §_e_e Fig. 2A. Accordirjiglyflthe mechanical design (e.g.,
meansfor varying tap position, change in the effective rf power coupling point by V

l 2 AfilVi,.
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electrical means‘, etc.) of the tap positiionf Esimjplified relative to those C
conventional techniques. ' A A W A

A In the present embodirnentg, power is fed into the lower wave
adjustment«circuit 59., Alternativelygirf can be fed into the upper wave
adjustment circuit (not shown). ‘The p§§tl:e;r also can becoupled directly into the
inductive plasma boupling applicator (e.g.,? coil, etc.) in the wave adjustment

circuit design, as illustrated by"Fig. 2B. _ Alternatively, other application will use_-a V
single wave adjustment circuit, as illustratedby Fig. 2C. Power can be coupled

into this wave adjustment circuit or by conventio‘nal techniques such as a tap in the

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

grounded end. An externalvimp'edance matchiingjnetwork may then be operably
' coupledito the power for satisfactory p'owe‘ri t,ra'nsfer efficieiicyifrom, for example,

a conveiitional -‘coaxial cable to impedances ‘(current to voltage rations) existing

between the wave‘ adjustment circuit terminated end of the applicator.’ _

A A further embodimeiit usirig “rriultiple inductive plasma applicators

also is provided, as showriiin ‘Fig. 2D... iemhodirnent includes multiple plasma
= applicators (PA1,i‘ PA2'...PA'n). 4-These plasma applicators respectively. provide

A selectedicombinations of iriductively coupled power and capacitively coupled power A

from respective voltage potentials (V1,_V27.?.‘.i¥\/n).: Each of these plasma - H V
applicators derives power from its power source (PS1, hPS2...PSn) either directly’

throughfanh appropriate matching or coupling ‘network or by coupling to a wave
adjustment circuit as described. Alternatively, alsingle power supply usingpower

splittersgand impedance maitching networks iian be coupled to each (or more than
two).of the plasma applicators. Alternatively, more than one power supply can be

used where at least one pofwer supply: is shzired among more‘ than one plasma

. applicator. Eachipower sdurce is coupled tbiits respective wave adjustment
v circuits i(WAC1, jwAc2...wACn). A

: a ~ ‘ 2

, Generally, plasma applicator has an upper wave adjustment
circuit (e.g., WAC la, WAC 2a...WACna), and ‘a lower wave adjustment circuit a
(e.g., WAC1b, WAC 2b..iWACnb). The. combination of upper and lower wave

adjustment circuits are used to adjust the plasma source potential for each plasma

ma Corp. et al. Exhibit 1007
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sourcezone. Alternatively, a single wave fadjustinent circuit can be used for each

» plasma applicator; Each waveadjustment circuit can provide substantially the

same impedance characteristics, or substantially distinct impedance characteristics.

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

For instance, multiple plasmjaiapplicators can be used to employ

distinct excitation frequencies for selected zfones-in, a variety of applications.

A These applications include film deposition iising plasmaenhanced chemical
deposition, etching by way of ion enhancedietching or chemical ‘dry etching and
others. ‘Plasma cleaning also can be performed by wayof the multiple plasma

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

cleaning plasma used for cleaning purposesl ‘In one embodiment, this cleaning

plasma can have oxygencontaining species. This cleaning plasma is'def1ne'.d by
using anoxygen discharge;-whlich is sustaihéd‘by microwave power to "a cavity or

resonant microwave chamber abutting or siifrrounding a conventional dielectric

vessel.’ Of course, ‘a variety of other processes also can be performed by way of
this multiple plasma‘ applicator _embodi‘menti ' :

This present application using multiple plasma applicators can- .‘
provide a multi-zone (or mu1ti—chamber) plasma source without the use of

T conventional mechanical separation means (:e'.g.’, "baffles, separate process V

chambers, et_c.). ‘Alternatively, the degree of interaction between adjacent zones or
chambers. can be relaxed ofwing to the use icifivoltage potential control via wave
adjustment circuits. This plasma source provides for multiple plasma source. H
chambers, each with its own control via itsiown iplasma applicator. Accordingly,
each plasma applicator provides a physicali zone region (i.e., plasma source) with
selected plasma characteristics ,(e.g., capaditively coupled current, inductively
coupled. current, etc..). These Zones can bepjusedialone or can be combined with
otherzones. Of course, the particular configuration will depend upon the

application. j ‘A - - p '2 X i
. . In the present embodiments,i wave adjustment circuit can be

made. from any suitable combination of eleriient(s) such as various types of

transmission lines, circuits, etc. These transinission lines include conventional
V l

Intel Co1'p.pet at T Exhibit 1007 T
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solid or-air dielectric coaxial. cable, or .ordinary,',repeatingV inductor/capacitor ‘

discretelapproximiations to transmission linfeEs’,§ and others.‘ These typesof

transmission lines: are co-aicial transmission lliines, balanced parallel transmission

lines, socalled. slow wave transmission lines; with a spiral inner conductor (e.g.,

selected-portions of a helical resonator,‘ and others. Individual lumped,
fixed, or adjustable combinations of resistofs; capacitors, and inductors (e.g.,

matching networks, etc.) also can be used "place oftransmission 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 FDWACS).

Frequency independent elements also can be used as the ‘wave

adjustmentrcircuits. These‘; wave _adjustment:}circuits can be termed frequency
independent WACS (or FIWACs). «‘Frequelicy independent wave adjustment
circuits _include degenerateicases such as slioift-circuit connections to ground or an -
infinite impedance (i.e., open circuit), and.bt_hers. Frequency independent wave

adjustment circuits can be used alone, or combination with the frequency A
dependent wave adjustment circuits. Alterrlatively, the frequency dependent wave

A adjustment circuits can be used alone or in combination with other wave

adjustment circuits." Otherivariations, alternative constructions, and modifications

also may be possible depending upon the application. '

With regard "to operation of the wave adjustment circuits, various’

embodiments can be used, _as illustrated by ‘Fig. The wave adjustment circuits
I _are to selectga wave length" portion to; apfpliedlin the plasma applicator. In

some embodiments, the average rf plasma {potential is maintained close to ground
potential by providing substantially equal 81 and anti-phase 91, 82
capacitively coupled portions of the inductiilenapplicator. This can occur in multi-
wave embodiments 92, ‘full-wave embodiments 93, half—wave multiple _
embodiments,__quarter-wave multiple embodjmenls, orany other embodiments 94.

In alternative embodiments, is desirable to maintain an elevated

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

plasma flux (or ion bombardment) to the prbicluct substrate (or any other chamberl

I IntlelCo1'p_. et at Exhibit 1007
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bodies).; These ;erfinbodimer'1ts are provided,by selecting distinct electrical lengths —

for each of the wave adjustment circuit sections such ‘that the capacitive coupled

current from a pliase section of the inductive plasma applicator is in excess of I

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

' wave adjustment circuit provides a deliberate imbalance between the phase and

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

shifting the zero voltage nodes along the processichamber axially, thereby

achieving a bias relative to: the plasma discharge} As shown, the phase 95 is
"imbalanced relative to its anti-phase 96; other embodiments 99, one phase

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

phase portion 85.’? Other embodiments arelprovided where the source plasma
. voltage is lower relative to€.grouhd'p5otentiall.3; In ithe embodiments were imbalance

is desirable, the potential difference betweeii the Ephasef and anti-phase potential
portions’ is reduced (or mir_iimized)' when-the ameunt of sputtering. (e.g., wall
sputtering, etc.) reducedf The amount ofisputtering, however, canebe increased

(or. maximized) by increasing the potential ‘di‘fference between the phase and anti-

phase potential portions. Sputtering is desirable ‘in, for example, sputtering a
quartz target, cleaning applications,’ and bothers. Of course, the type of operation

used will depend upon'the.application‘. . i I I I

' V Current mairima on an inductive applicator withdistributed ‘
capacitance (e.g., helical resonator transmission line, etc.) occur at voltage I

minima.‘ In particular, conventional c51uarteri—fw‘av;e helical resonator current is _

substantially at a relative maximumat its endof the coil,eand to a lesser‘

extend‘ the neapby coil elements._ Thereiere, partial inductive coupling of
power, if it occurs, will tend to be at this grounded end. "In conventional half-

wave helical resonators, inductive coupling "tends; to occur; at each of the two

grounded ends.

phase inductive half-wave and other fractional'wave applicator sections support

substantially more inductive coupling at a ‘selected rf voltage node, e.g.', Fig. 2A

reference numeral 00. This‘ effect is causediby high current flow in the inductor _
.l-5

Intel -Corp. etal. Exhibit I007
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applicater zones (or sections) both directly": above and below the node
(corresponding to inductor elements intllegpllase and anti—phase sections at and

immediately adjacent to the rf voltage-zeroi point). It shouldbe noted that
- conventional quarter and half-wave :inducti‘:v£ely coupled inductive applicators have

inductive coupling which abruptly declinesipelow the grounded coil locations
becausethe coil termibnatesand voltage extrema are present at these locations.

This generally produces conventional quartetand half-wave helical resonators that
tend to operate in a capacitive mode, or witha substantial fraction of power which‘
is capacitively coupled to the plasma, unless the plasma is shielded from ‘coil
voltages’, as noted above. _ I

‘ _ ' In a speciflcsembodiment, the-power system includes selected circuit
elements foreffective operation. The powe'r'_'sy‘stem includes an rf power source.

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

selectedior continuously variable frequency a range from about 800 kHz to
about 80 MHz. Many lgenerators are'usefu'l:§ Preferably, ’ generators capable of

operating into short and open-circuit loads llvithoilt damage are ‘used for industrial .

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

28.12 MHz - 3 kW CX-30:00 power supplylflnade by,Comdel, Inc. of Beverly,
Massachusetts.’ A suitablebvariable frequency power supply arrangement capable
of the 3' kW outpilt over an 800 kHz‘ to 50 MHzlrange can be made by driving an

11:1 Model Tccx13500 High Power Wide Band Amplifier with a Hewlett Packard
HP116A, O-50 MEHZ Pulse/Function Gener}a‘t<_3r. "Other generators including those
capable of higher or loweréepower also canfbe used depending upon the application. 1

V Power fromftheegenerator be transmitted to the plasma source
by conventional coaxialcable transmissioni line. lAn example of this transmission
line is:'I§G8/U and other higher temperature? ‘rated cablet(e,.g., RG1151U, etc.) with
a coaxial TEFLON" dielectric. In some erribodililnents, poweris fed to
conventional end-fgroundedi half—wave'h‘elical resonators by positioning a movable

' tap on the helicalycoil andflconnectingla power source between the tap and the
I e . ‘ . - Vl ‘- l 5 - ‘

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

"coaxial cable power feed aild the helical tap Efor flexibility. The matching.

, Intel Corp. et al. Ex’hibit1007
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network; will depend on the selected wave ccnfignration and wave adjustment

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

ends of the resonator coil can be terminated; wave adjustment circuits which

substantially have: zero susceptance. In particular, the§wave adjustment circuit is « 1
designed as an open circuit by making no eiectrieal connections to the ends of the
coil, or establishing an electrical equivalencethereof. e Alternatively, the ends of

the coil are isolated by chokes series resistance, thereby DC coupled to a fixed
reference potential. These‘types_of wave adjustment circuits are frequency 1

independent and are "degenerate" cases. these embodiments, the rf power is
provided such that the phase and antiephasejcurrent flows aboveand below the
electrical midpoint of the coil. This provides for substantially balanced phase and

.anti~phase current flow from the power souice stabilizing desired operation in coil

voltages? above the midpoint of the coil; ialsoiprovidesesubstantially equal phase
and anti:—ph"ase voltages. 5 5 . i ' i = I 1 _

1 I , The .embodiments described also _;be applied to other
plasma processing applications, e.g., PECi/.311), piasma immersion ion implantation

(PIII), stripping, sputtering, etc. "For instance, 13 is a simplified CVD
apparatus 100 according to the present inventioni The present CVD apparatus
includes ,a chamber 112, a feed source 1145,, tin exhaust 116, a pedestal ,118,,a

power source _122, a-grourid 124, a helicaliiresonator.126,-and other elements. The

"helical resonator 126 has a coil 132,, an outer shield 133, and other elements. The
chamber can be any suitable chamber"capab%le of Ehousiing a product 119 suchas a '

wafer for deposition, and rot providieng a piasmaé discharge therein. Preferably)-
the chamber is a ‘right circiilar cylinder chainberfor providing an uniform plasma

species distribution’ over_.theproduct. . eBut chamber can also be configured in
the formof rectangular right cylinder‘, a triincated cone, and the like. The I
chamber and fixtrires are constructed fromialumiinum and quartz, and other suitable
materials. The plasma ‘discharge is derived. from a plasma source which is 1
preferably a helical resonator discharge orjother inductive discharge using a wave
adjustment circuit or other techniques to seleetively adjust phase-anti-phase
potentials. Thepresent CVD apparatus for deposition of a dielectric

1 Intel Corp. et at Exhibit 1007
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material; e.g., silicon dioxide or the like. = 3
I , The product«119 having an upper surface 130 is placed into the

present ECVD apparatus for deposition, e. plasma enhanced chemical vapor
deposition (PECVD), and others. Examples? of deposition: materials include a

5 I - dielectric material such as asilicon dioxide §.(.SiO;), a phosphosilicate glass (PSG), a

borophosphosilicate glass (EPSG), a silicon‘? nitride (SigN,,), among others.‘ A 2
In one embodiment, the deposition occurs by introducing a mixture

comprising organic’ silane,‘ oxygen, and an-inert gas such as helium or argon
according to the present invention. The organic silane can beany suitable organic

10 1 silicate material such TEOS, HMDS, OMCTS, and the like. Deposition is also
' conformal, in selected instances. As for theloxygen, it includes a flow" rate of‘ _

about 1 liter/per minuteand less. A relative flovv rate between the organic silane
such as TEOS. and oxygen ranges from about 1:40 to about 2:1, and is preferably

a less than about 1:2 in certain applications. deposition temperature of the organic.
15 - silane-oxygen layer ranges 'from.about300' about 500°C, and can also be at‘
. other temperatures. Pressures in the range 1’_to 7 Torr are generally used. Of

course, other concentrations, temperatures} ‘materials, and flow rates can be used

depending upon the particular application, an a 2
: This chamber also includes afivvavevadjustment circuit 127. The

20 ' wave adjustment circuit 127 is used to provide a-helical coil operating with‘
capacitivecouplinég to selected phase andiantifiphase voltages. This portion 127 of
the wave adjustment circuit ‘coil also is shielded 140 to prevent rf.from interfering 1
‘with the: plasma discharge in external elements, e.g., equipment, power, etc. The
coil shield 140 is ‘made of a conductive material such as copper, aluminum, or the

25 like. one embodiment, an operating freqiuency is selected and the wave V
adjustment circuit isadjusted to short circuit the lupper end of the helical applicator
coil to ground 124. This provides a helicalcioil ioperatingat approximately a full-
wavemultiple and has substantially equal phase and anti-phase sections. This full?
wave multiple operation provides for balanced capacitance of phase 151 and anti— ' ‘

30 « . phase 153 voltages along the coil l32kadjac_e5nt to! the plasma source. Full—wave
multiple. operation reduceslor evenivsubstanfially eliminates the amount of '

1 '7“‘”"""7‘””f"“”‘”""‘i‘T"77‘ff“‘”"""’-"”“‘""‘"“‘"“’“7""“ --~-~-~--~*~-W-~¥~~-~~+~1rfreremp~:~era1:~~~Exhrbn:~roe7 g
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capacitively coupled power: from the plasma to chamber bodies (e. g.',

pedestal, walls, wafer, etc?) at or closelto -griouncll potential.‘ A
» In tlle present embodiment, wave adjustment circuit 127 is a _

variablegcoil vportillon 128 of a spiral", transmipsiong line, fwhich is selectively placed ,
outside the outer shield 1355. Accordingly; hvhen the wave adjustment circuit is

A adjusted to become a shortjcircuit, the plasma source -"sees" only a-selected full-

h wave multiple comprising substantially equal phzise 151 and anti-phase 153 oflthe

entire instantaneous AC voltages 134, 135.: In thisembodiment, stress of the _
deposited oxide film is often tensile, which 3can be undesirable. 2 ,

Alternatively, thewave adjustment circuit 127 provides a helical

V resonator operating at selected phase and-;an%ti—phase voltagesnthat are not full-wave

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

capacitive couplillg from the plasma sourcezito-the chamber bodies. Stress of the

deposited oxide film in this embodiment be made to be zeroor slightly
compressive. In some embodiments, thefoiticfle be deposed with an rf
plasma potentialof several? hundred volts between the plasma source and the
substrate to decrease the tendency of the oxide film to absorb moisture. This can 2 1

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

transmission line ‘butside of the source and correspondingly shortening the

applicator coil (by moving5the-élower point at which the applicator coil is short-

circuited and thereby decreasing the ihductklnbe of the applicator coil and electrical

_ length of the helical resonator 126 (e.'g.,isp’iral’transmission line, etc.) ). Of

course; the selected amoullt of capaciiive coupling ‘will -depend upon the
application. 4 ' E 1 I I" L T A

I Fig. 4 is a simplified diagram bf ai resist stripper according to the
present invention; The present stripping‘apparati1s includes‘ similar elements as the
previous described CVD apparatus. The prgesent‘ stripping apparatus includes a
chamber 112, a feed source 114, an exhaust ‘116, a pedestal 1.18, an rf power
source. 122, a ground 124,"a helical resonator 126, and other elements. The H
helical resonator 126 includes a coil 132, outer shield 133, a wave adjustment

circuit 400, and other elements. The chamber can be any suitable chamber *‘ I

lniel Co1‘p.,_et al. Exhibit 1007
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‘ capable ejof housing a product 119 such as aimiotoresisti coated wafer for stripping,
A and for providing} a plasma discharge therein‘. The plasma discharge is derived

0 from a’ plasma source, which is preferably ,a:helical resonator discharge or other

4in,ducti~v;e,discharg:e using wave adjustmenftfciircuit ojrother techniques to ,

selectively adjust phase\anti-phase potentialsig The present stripping apparatus

. provides for stripping or ashing photoresisti g., implant hardened, etc. "Further
examples of sucha stripping apparatus, areidescribed in the experiments section
below. if A i

In this embodiment, the wave adjustment circuits rely upon open

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

feed such as an inductivelyfecoupéledtpushépiill arrangement such /as coupled at
. inductors. Technfiques for‘-constructing tliesegcoiipled inductorsiare described in,

for example, "The ARRL inntenna Book,"'i‘R.D. ‘EStraw, Editor, The American

Radio D:elayvLeag:ue, Newington, CT (1994) Qand’ "The" Radio Handbook," w;1.

orr, Editor, Engineering Ltd, 1ndiaina’(196i')‘, 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 transformer, etc.) "401 can be used to provide balanced

matching from a conventional unbalanced coaxial transmission line. Techniques '

for constructin toroidal baluns are described: in,§ for exam le,."'Transmission Line. _ , , P

T , Transformers," AASevick,v 2nd- Edition, American Radio" Relay League,
Newington, CT :('l990). The toroidal transformer is coupled between therf power
source 122 and the coil 132. The midpointi.406 between the phase 405 and anti-

"phase voltage on he coil effectively rf groimded, hence‘ it "may be convenient to

directly;ground this midpoint of the inductiye application in-some ‘embodiments for

stability, . This permits alternate operation which power may be ‘coupled into the
I inductive applicator (e.g., coil, etc.). with a»‘conventional- unbalanced feed line
tapped onone side of the center. Push—pull balanced coupling ignites the plasma
more ,e,a"_sily than conventional unbalanced coil tap. matching and generally is easier T ‘

_ to adjust in selected applications. ’

_ Referring to'the'helica_lf resonator embodiments operating at

.' p e- . V ' , * '.Ir1tee1Corp:. et al. Exhibit 1007
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substantially equal phase and anti—phase potetitials, Fig‘. 5A is a simplified diagram

200 of an equivalent circuit diagram of some of them. The diagram is merelyvan

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

circuit diagram includes a plurality of rf power supplies (V1, ‘V2, V3....V_,) 203,

representing" for example, a single rf power; source. These power supplies are ,

. connected in_parallel' to each other. One end‘ of the power supply is operably
coupledito a ground connection 201. The other end of the power supplies canbe

represented as being connected to a respective capacitor (C1, C2, C3...C,,). Each of

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

operation, substantially noitvoltage differenceexijsts between any of. these

capacitors, as they are all connected to eacli other in parallel.
' 5B is atsimplified ofi instantaneous AC voltagenand

It current along a helical resenator coil of t5Atwhere each ‘end of the inductive .
applicator is short circuited. The diagramgisimejrely an illustration and should not

limit the scopevofi. the claims herein. diagram includes the discharge -tube 213
and an inductive plasma discharge (or plasriia source) 501 therein. As "shown," the V

plasma tiischarge,inc1udes_an intensified "denut—shaped" glow region 501 that .
occupies a limited range (R) ofthe discharge: tube 213%. The plasmadischarge has
an average voltage potential (Vm) of substantially zero volt between the ground

potential (Va) and the high‘ voltage potential»_(V,,).. As canbe seen, the plasma
discharge 501 has capacitively coupling eleinenté to an‘dtVG. But the average

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

balancedcapacitance of phase 503 and’ anti-phase 505 voltages along the coil '
adjacent to the plasma, thereby substantially preventing capacitively coupling from
the plasma source to chamber bodies. As also shown, a current maxima 507 exists

' A at V,,,,,, which corresponds to an inflection point between the phase 503 and the

In ‘an’ alternative operatEing_'trti‘:f()'<i;le, rings plasma caused by
inductively coupled plasma current are tvisible near top and ‘bottom extremes of the

inductive application, as illustrated by Fig.‘ 15C.‘ This operating mode is ‘generally
for a full—wave 5l7 inductive coupling coil operated» at a’ very high power, e.g.,

Intel corp. et al. Exhibit T1007
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maximuin power input to the inductive applicator is. often limited by thermal-

~considerations and brealcdoiwn. The rings 515 of; current in the plasma '
discharge.are simiilated byimaximutn coil. areas corresponding to ‘voltage

minima at the top‘? and bottem shorted ends of the coil. Under these high power
conditions, subordinate cuijrent rings are detectable and some excitation is often

visible in the intermediate regions. This exeiiitation is partially caused by

‘ vcapacitively driven currents within the discharge coupled to the voltage maximum

and voltage minimum positions along the ‘inductive applicator.
n I Alternatively, subordinate ~_in‘du.ctive_plasma current rings .at the top

and bottom ends 513 ofthe resonator do ndt ‘appear with limited input power.‘ The

coil current and inductive flux fall beyondtlie ends of theinductive applicator so
that a single inductive ringi515 in the center portion is more stable, provided that

- the conductivity of the plaema is large ton support a single current ring at a
specified input pojwert ' f l r

' In alternative‘applications. using high power operation, no secondary

plasma current rings may be desirab'le.’ .Thes_’e‘ applications often have substantially-
0 minimum ‘internal capacitive coupling. In "these applications, the inductive

applicator (e.g.,icoil) abutting the vacuumivessel may be shortened from a full

wave totan appropriate length suchthat only; the central current maximal exists on ' '

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

and minimum voltage on the applicator is substantially reduced. The present

application is achieved by stabilizing the desired iwaveform along" the applicator by

appropriate impedance wave adjustment circuits;

Referring. to: the above embodiments, the present invention provides
for processing with an inductively coupled_ plasma in which the plasma potential
from coupling to ‘a phase portion of the inductive applicator"-is substantially not

offset by capacitive coupling to anti-phase {voltages on selective portions to the
. _‘ inductive coupling element. Conventional jlil’ld.UClEClVe sources (ei.g.,c conventional

helical resonators, etc.),' hewever, have hitlierto been operated inquarter-wave or

half—wave modes] These modes provide phase capacitive coupling to_ the
I plasma, which raises the plasma potential tdward the coil without compensation

. Intel icioip. et al.- Exhibit 1007
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anti-phase coupling. Conventional inductive; sources that are longer than a half-
wave have been generally considered cumbersome and impractical for plasma '

reactorsi In particular, these inductive sources are .large in size, and have nodes
along the helical coil, which have been believed to create a non—uniform plasma,
In order to operate a substantially inductive; plasma in a helical resonator,

a conventional inductive sources relied upon shielding the plasma tube from

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

inserting a longitudinally split shield betweentheicoil "and plasma tube.
The present invention provides? for: a substantially pure inductively

coupled power source. Abenefit of this inductively coupled power as a primary '

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

coupling are solenoidal (e.g. they close onithiemsielves). Since solenoidal electric
field lines have zero divergence, they do not -create or support a scalar potential

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

inductively «coupled power ican be transferred‘ into a plasma without no direct i
relationship between the plasma potential the voltageson coupling elements

(e.g.‘ the voltage on the coil in a helical resonator) orvoltages on rf matching A

networks, if suchiare used; Furthermore, ‘when ltransferring power to the plasma
by purely inductive means} power transferiloes not require any significant"

' potential difference to be maintained -between elements of the plasma and ground

potential i(e.g. the potential difference between the plasn-ia"and ground can be fixed

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

Although in theory, inductive power transferddoesn notreqiuire raising the AC or I

DC,_potential of the plasma with ‘respect tolzgrounlid, in practice there has been

substantial shift and harmful alteration in thnfeiiplasma potential found in unshielded
current art inductive sources. i - l f

‘ Asipreviousliy noted, and furilier ‘emphasized herein, the most
effective conventi_o.nal'metliod employed to avoid plasma potential shift in
conventional commercially; available inductifve sources-is to shield the plasma from»

the electrical fielcils on thejinductive couplirig eleinent (comrnonly a multi—turn coil)»
by inserting a grdunded conductive membef between the inductive driving element

I Ihte1'Co1'p. et al. Exhibit 1007
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' 1 . l

and the plasma discharge tube.-' ‘Shielding ghowever, cumbersome and V
inconvenient" and has serious dis_advan_tages. practice. Shieldsecouple to inductive
applicator elements and can cause wide in the natural resonance

T frequency, whichiare not predicted ccinvicntional deisign formulae. _ This often
5 _ - resultsiin laborious trail attdiierror and iterative rriiechanical designs to achieve a

desired resonance. IAnothe‘r disadvantage of‘shielding is that shields often make it

"difficulté to achieveinitial ignition of the plasma. since shieldsgenerally exclude
capacitive electric fields inftheiplasma discliaige tube. In particular, ignition

' ("known %as plasma breakdown)"of inductive breakdown generally begins with a
10 capacitive electric field discharge, which is gsitable at lower currents and. powers

i (Q, for example, J. Amofiim, H.s. MacielandiJ.P. Sudana, J; vac. Sci. .
Technol. B9, pp. :362—365,§ 1991)? ':Accord'i%ngly,'i shields tcnfd to block capacitive
electric fields, which induce plasma ignitio'ri.i- if A '

i Inscrtion of the shield,clos_e -higjh -voltage RF point in a network _-
15 (such as? the v'olmge maximum points in a hielicalé resonator or the high potential

drivenside of a TCP coil)Efalso- causes largeidisplacement currents to flow through
the capacitance between the shield and coil.': This high potential ‘difference is also _ '
a potential cause of damaging rf breakdown‘ across the? air:gap,'hence the gap may V

require protection by inconven‘ieiit"solid or? liquid dielectric insulation. The e
20 — ' displacement current flow causes power l'oss‘,andi requires that higher power RF

generatiiigequipment be used to compensate for :the power loss. ' Coupling loss in
the plasma source structure is also undesirable from the standpoint of thermal. .
control. These limitations fare overcome ‘the present invention using the wave
adjustment circuies, an inductiveapplicator selectedyphase length, and other-

25 - elements.

. ; V 3 3

Experiments I q

T : V Toiprove the principle and demonstrate the operation of the present
A invention, a helical‘ resonator plasma_sourcc‘ lwasiused a photoresist stripper.

30 . Conveniional helical resonators also were evaluaied in these experiments. These
experiments are merely examples, and, should not limit the scope of the claims

Inici Corp. et al. Exhibit 1007
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herein. f§One of oidinary skill in the art wonld easily recognize other experiments,

uses, variations, and modifications of the inventions defi-ned by these claims.

A 1. Conventional nPhotoresist-.1 Sitrippger

In this experimennt, the_ conventional resist stripper was a prototype

made by MC’ Electronics,_present assigneei Of course, other stripper platforms

also can be used depending upon the -applie2ition.j. A conventional quarter-wave

helical resonator resist stripper 600 was coristructed with a quarter-wave helical

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

This quarter-wave helical resonator 602 included: a coil 608 and other elements.

I Coil 608 consisted of 5.15 turns of 0.4 inch diameter copper tubing
would with a pitch of 0.5 iurns per inch "with a mean radius of 6.4 inches and

v centered radially and vertically inside an oiiter copper shield.610. Coil 608 is‘

operably coupled to a power source 612 operated at about 113 MHz radio
I frequency. A 17 inch long, 925 inch diameter ijuartzvtube 606‘ was centered
inside of the copper coil 608. The ‘shield 6§1'0°was 16 inches inside diameter,
approximately 0.08 inches thick and 18 inches long. This shield 610 also was
connectednto a ground (V5) connection. on the aluminum process chamber body‘

‘(except when making the current measurements described below).

_ A The process‘ chamber was for conventional resist stripper.»
This resist stripper included a wafer supporit 616: (or pedestal) and other elements.
Process chamber .'i604 is operably. coupled at an outer location 620 to ground via
shield 6:10. ‘Wafer support. 616 has.a wafer’ 618 fdisposed thereon.

' _ The wafer 618 is a 6-inch (250mrn) < 1.00 ‘>‘ type wafer with

in approximately 1.25 ‘microns of spin-coatedii Mitsubishi Kasei positive photoresist

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

support 616. This support: was resistivity and the temperature. of. the ,
substrate supportnwas sensed with a thermocouple. _

' After the heiical-resonatorplnsmazwas. ignited, visible plasmafilled
the quartz plasma tube under all of conditionsused for processing. V In addition,
a strong plasma‘ glow was always visibletabfove the wafer in the downstream

_ 1 ‘Intel Corp. etval. . Exhibit 1007
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‘ processing chamber which was indicative‘ of isecofndaryeplasma discharge to the
substrate support. This secondary plasma diischagrge was also accompanied by
current flow from the resonator shield to chamber of approximately 5-10
Amperes rms (and sometimes even more) ivvhgich igcouldg‘ be measured by elevating
the shield on insulating blocks and monitorigng the current flow through a inch A
long 1.5 inch wide strip of copper braid-which was passed through a Pearson

Currentprobe used to monitor the current. A
Fig. 7 is a simplified diagram_700:*of the rf voltage distribution

0 along the coil forthe quarter-wave helical. resonator of Fig. 6. This diagram
i includes the quartz tube 606 and a plasma discharge ‘(or_source) 701 therein. As
shown, the‘plasma discharge includes a gloweregiion that 701 occupies a large

range (l2)'of the quartz tube 606. The discharge has an averagevoltage
_ potential (Vm) between the ground potenti§fl:(VGi) and the high voltage potential

(VH)- As canbe seen, theplasrna dischargel7'Ol;has capacitively coupling
elements to V“ and VG due to_ its average voltage potential V,,,,. In fact, as

previously‘ noted,:the current flow from resonator shield touthe chamber was at"

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

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

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

experiments wereiperformed. These experiments usedea photoresist stripper
apparatus.‘ This resist stripper appara_tus3infa5 cluster tool arrangement used a
helical: resonator according‘ to the present ‘iriventions. One of ordinary skill in the

e art, however, would recognize that other irriplementations, modifications, and

variations may be used. Accordingly, the lexperifmentsg performed herein are not I

intended to limit the lscopeiof the claiins beloévv.

F The photoresistflstripper appa§ratu's iwas eonfigured with multiple
V process chambers: in a cluster tool arrangement, as illustrated by Figs. 8 and 9. .

Figs. ‘8Aand 9~i1lustrate a simplified top—vie_w_ diagram 800.and a simplified side-

view diagram, respectively} Two process chambers, e.g., chamber 1 901 and

ll

lnte_lCo1'p. et ai. Exhibit 1007
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l

V -chamberf 2 903, were used. - Chamber 1 was?’ used7for stripping implant

hardened resist crgust ‘(or skin). Chamber used for stripping the
remaining photoresist. Alternatively, the chambers can be both used for stripping

implant,hardened-resist crust and strippingmemaiining photoresist. Of course, the
particular use dependstupon the {application}, ;.These chambers also were made of

aluminum with ceramic’ inserts, which is ‘highly resistant to chemical attack.

The apparatus also used a microprocessor based controller to
oversee iprocess operations; This micropjroeessor based controller canbe accessed
throughna control A‘ panel 921. The present apparatus used a controller made from a
486DX processor. PC made by" EPSON, color LCD touch panel display.
This controller alsovis shielded and highly-jrlesistaint to chemical attack.

'0 3 An? automatic wafer handliinglisystem 910 was also provided. The
automatic wafer handling system cassettes 912 for transferring the
photoresist coated wafers and" from theprocesis chambers 901, 903. The I
automatic wafer handling system included a: robot 9.17, cassette “chamber 1 905,
cassette ‘chamber 2 907, cassette stage 1 cassettestage 2 911, and other
elements. The wafer handling system 9105us'ed aconventional interlock system for '

providing the cassettes 912: from the ’cleanroom -into the process chambers 901,-
903. A main shuttle chamber ‘913 housed Ftlierobot 917 in the cluster "tool . l_
‘arrangement. The controller oversees the automatic wafer handling system

operations. The present wafer handing made by JEL Co., LTDeof
Japan. ' in i '5 in t A

A eooling plate 915 was in the main chamber 913 housing 5
. the robot 917. The cooling plate 915 wascoriventional design, and was capable 5 A

of cooling the wafer after being stripped, which bften occurs at elevated
temperatures. Alternatively, the cooling plate can be used to thermally adjust the -

wafer temperature either before, after, or even detween selected process 1 '
operations. 0 0 _ I _ I

~ The process chambers 901., were disposed downstream from
respective plasma sources. 923, 925. ‘Each; helicdl resonator included a ‘coil 927
disposed around a quartz tube 929. Th_e;coil.‘corisisted of 11.5 turns of 0.4 inch

Irite1«Co1‘p, etlal. Exhibit‘1007
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. e copper tubing wound with ‘a pitch of 20.9 per inch with a mean radius of 9.4
inches and centered radially and vertically §i‘nsid_e‘an'outer copper shield 931. The
coil is operably coupled toga power sourceé (not shown).' A 17 inch long, 9.25. inch
diameter ‘quartz tube was centered in_side:o?f;;the ciopper coil. The shield. was 16 '
inchesninside diameter, approximately 0.08 thick and 18 inches long. The '
shield is operably: coupled to a lower portionof the coil.

_.In one ‘experiment, processes; were used for ‘stripping photoresist

from wafers, e.g.:', §ee 9 reference nu‘m'eral:933. The processes involved the

use of a: multi—step stripping operation to’ remove implanted photoresist from
' semiconductor wafers. Samples were prepared using eight-inch wafers. These 1

_wafers were spin coated with Mitsubishi Kfiasei positive photoresist MPR-4000.
' V-Spin coating occurred at 1,200 rpm and ;°C for 90 seconds. The resulting

photoresist was about 1.2 microns in thickness in the sample wafers. These.

sample wafers were implantedito iorrn aiimgplanted hardened resist layer near the
top of the photoresist. 2 9 iii‘ 1 2 I

An implant resist stripping process was performed to remove the top I.

implant hardenednresist. This occurred by? ._stripp_§ing usingflan "un—balanced" phase‘ 2
and anti-phase coupling relationship a Jhalfiwave helical resonator. The half- I
wave helical "resonator was configured in one of the process chambers. In this 1
chamber, the “pediestal hadiia temperature of‘about 40. °C to maintain a low wafer .
temperature. This low wafer temperature was maintained. to reduce the possibility
of "popping." Popping oceurs "when vaporiin the underlying photoresist explodes
through :the implant. harderied resist. V " I ‘ :

After the top hardened .laye1r§'§was removed. The wafer was

, transferred into aichamberfopehrating at a fvuglli-wafve multiple. This chamber

operated at a freduency of about 27.12 full-wave multiple. The pedestal

of this chamber was at 150jto2OO Théfullgwave structure provided for
balanced phase and anti-phase coupled itherebyreducing the amount of
capacitively coupied plasmfa, whichecan be»-ifietririiental to the underlying substrate.
In this step: over::1shing‘was performed to substantially remove all photoresist

= ‘ - ' "1 j V. .. _

material from the‘ wafer. No damage occurred to the underlying substrate during

Tngtel C_01‘p. et al. Exhibit 1007
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Once the photoresist has beenistripped, the wafer is cooled. In
particular, the wafer is removed from the,ft§1ll-wave multiple process chamber, and

placed on the cooling station.‘w This coolinggstation reduces the -temperature of the

wafer (which was; heated).:§ This wafer is then reloaded back into its wafer
cassette. -. Once all wafers have beenprocejsseid in the cassette, the cassette
comprising the stripped wafers is removed from ‘the cluster tool apparatus.

Characteristics ofthis’ half{wave ‘helical resonator‘ were described in detail above.

In the present experiments} the following tests also were performed.

‘ percent.

Test .1: 6-ineh wafers, were aslied‘~at a totalnpressure of 0.13 Torr
using a gas flow of 012- 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 andgthen the discharge was
extinguished); The ashing: rate across the wafer was determined to -
vary between approxim_atelyl;3411 §~A/min and 3139 A/min with the
rates approximately -symmetric, about the center of-each wafer and
the: maximum ashing rate atithe center. The average etching rate

was 3228 /\/min and etching uniformity was approximately 4

Test 2: 6-inch wafers were‘1ashedjat a total pressure of 1 Torrusing
l a gas flow of 1 standard literfper minute, forward rf power of 2200

watts and a reflected_ power iof 160 watts atan excitation frequency
of 13.0 MHz. The s_ubstrate;was held at 60 °C and the ashing rate
was determined tofvery‘ between approximately 3144 A/min and '
3748 A/.min"depending' o_n pofsiftion on .a wafer. The etching

uniformity was approximately 9 percent. . A ' . T

Test 3: Resist coatedwafersit implanted with a selected dose of
5 xi 10” atoms/cm’ at 40 keviarsenic (As). ‘ The wafers were cleaved
into samples; approximately eentim'eter‘?s ‘square.I '.. ' " r- 1

Two samples were then ashed on the substrate support simultaneously, under the
' - various conditions-listed in:iTaible 1.

I

Intel Corp. _et al. Exhibit 1007
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Pressure

(Torr.)

2 000 180 153.2 5

180
150

' ‘(I) Unimplanted resist was used” in this test and ashing was
terminated before endpoint reached to test uniformity. The
average ashihg rate was,52_S9 in/min and uniformity was 7.5%. .

(II) Implanted resist ‘was for 150 sec, but endpoint was
visible at 100 seconds. * 5 =

Under conditionsused for :Run D, it was determined that resist was cleared from

the entire wafer after 3 minute and;15 seconds. :Consequently, the ashing time in
the table. included approximately 100 sec._ ogveretching. Under conditions where
practical ashing rates werefattained, a visible plafsma discharge and sheath could be

observed over the wafer. »’ 5 V
5 Diagnostic measurements of current similar to those.performed in

the conventional stripping apparatus were performed. ‘In these measurements,

currents from the shield of’ the resonator tozfthe processing chamber gave values of. : ‘ v ' ‘ i ' -

V at about 0.1 to 0.5 Amperes ms and less... These measurements were limited by

error using available instritmentation. Accordingly, these currents were at least
‘ an order of magnitude below those currents: measured above in the conventional

stripping apparatus.

“Ali/isual inspection or the istripped wafersshows extremely good

rntei Corp. et al. Exhibit 1007.
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results.’ That is, the. wafers were stripped lajtga sufficient rate for production
operation and no substantial damaged occurred to: the wafers. This provides for
effective wafer turn-around-time and substantially no damage caused by the

plasma. —. In addition, current ameasuregd froii§1.,the§shie-ld to the chamber by elevating
the shield on insulating’bl<icks was less than about O.5'Amperes ms and, in some

‘ instances, ator below measured error using‘ available instrumentation. This

current was substantially less than those measured in the conventional stripping

apparatus.‘ p I ' V

' While the invention has been". described with reference to specific

embodiments, various alternatives, modificatiionsg, and equivalents may -be used. In
fact, the invention also can‘,-be applied tojalniost any type of plasma discharge
apparatus. This dischargergapparatus can inéludeian apparatus for plasma ’ '
immersion ion implantation or growing ‘diamonds, .TCPs, and others. V This

1, discharge apparatus can bef used for the manufaciure of flat panel displays, disks, 0

integrated circuits, diamonds, semiconductc§r'materials§ bearings, raw materials,

and the like. Therefore, the above ’description should not be taken as limiting the

scope of the -invention which is defined the appended claims. - V

Intel Corp. _et at Exhibit 1007
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I

ll‘‘l

1. ‘:A process‘ for fabricating a product, said processtcomprising the V
steps of ‘subjecting a substrate to entities, atleastj one of said entities emanating

' from a species ‘generated by a gaseous discharge excited by a high frequency field
in which the vector sum of phase portion anti.-phalse portion of capacitive

' current coupled from the inductive ‘coupling structure balances.

2. ‘The process of claim 1 ‘wherein said product comprises a
semiconductor device.

3. ‘j;The process of claim said: gaseous discharge is
provided by a. helical resonator.

d ' 4. ‘The process of claim 1 wherein said‘ gaseous-discharge is

provided by a helical resonator having .an electrical length which is substantially a

whole number multiple of one wavelength_._-;?

5. dThe'_p’rocess of claim 1 wherein said gaseous discharge is "H
provided by a helical resonator structure, helical resonator structure having an
electricallength which issubstantially free. from any multiple of one quarter H

wavelength.

6. :The process of claim 1 wherein said one of said entities is

‘provided in chemical vapor deposition.

7. The process of claim 1 wherein said one of said entities is

provided in plasma etching.

r 8. _The process of claim 1 wliere,in said» inductive coupling structure
is selectively balanced using a wave adjustment circuit.

Intel Corp. et al. Exhibit 1007
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_ 9. A process for fabricating a product comprisingthe steps of
subjecting a substrate to a composition of entities and employing the resulting
substrate for completion of said product, aétsleastione of said entities emanating

from a species generated byla 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,\v=herein said helical resonator is

characterized in that.the capacitive current flow from the surrounding coil into the

plasma column is substantially equal to the capacitive current from the plasma

column to the surrounding coil.
1 '2'.’, ,.

11. The process of claim 9.iE>\/herein said helical resonator is
which the average potential of the plasma cclumii is substantially equal to that of
the shield. » ‘ ' ? i

12.‘ Apparatus for fabricating a product, saidapparatus.comprising:
an enclosure comprising an outer surface and an inner surface, said

enclosure housing a gaseous discharge; s i V
a plasma applicator disposed adjacfent to said outer surface;

ahigh frequency power sourceioperably coupled to said plasma

I applicator, said high frequency. power source exciting said gaseous discharge to

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

phase and an'ti-phase capacitive current coupled from the inductive coupling A

structure substantially balances.

13.: Apparatus of claim 12 wherein said enclosure is a chamber.

‘A 14." Apparatus of claim 12 wherein said enclosure is a tube.

Inte1C0i~p'. etal. Exhibit 1007
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15 Apparatus of claim 14 yvhereiin tube is made of a material
selectedlfrom quartz, glass‘, diamond, polymer, sapphire,‘ and alumina.

16.? Apparatus of claim 12 wherein said apparatus further comprises
a wave adjustment circuit, said wave adjustment circuit operably coupled to said. ‘ .

plasma applicator to selectively provide balancing of said inductive coupling
structure. 1 ' V V

17.; Apparatus of claim 12, wherein apparatus is provided’ for
' chemical vapor deposition, ~

18:1 Apparatus of claim 12 wherein apparatus is provided for plasma
etching.‘

19. Apparatus of claim 12 wherein enclosure, ‘said plasma

applicator, and said high frequency power define a= helical resonator

structure, said helical resonator structure having -an electrical length which is ‘

substantially a whole number multiple of wafvelength. _

'20. Apparatus of claim 12 wherein said enclosure, said plasma -
applicator, and high‘ frequency powersource define a helical resonator

structure, said helical resonator structure; having an electrical length which is
substant-ially free from any: multiple of lqharter wavelength.

‘ ' Inte>l'Corp. et al. Exhibit 1007,
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PROCESS DEPENDING ON PLASMA VDAISCHARGES SUSTAINED
. — - BY INDUCTIVE COUPLING -

A ABSTRACT or THE DI§CLOSURE .
A process for fabricating a product 28, 119 . The process

P _5 ‘ comprises the steps of subjecting a substrate;to afcomposition of entities, at least

one of the entities emanating from a species generated by a gaseous discharge P
excited by a highifrequency field. in whichithe vector sum of phase and anti-phase
capacitive coupled voltages from the inductive coupling structure substantially

balances,

H:\home\x“‘to\work\166'55\-3.ap1 0
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_o_ i A

umrrsn srAre,s DEPARTMENT or-commence
. ' . Patent and Trademark Office

- Address: COMMISSIONER OF PATENTS AND TRADEMARKS
X . A ' Washington. DC. 20231 ' - 

‘ i 7 ' FIRST NAMED APPLICANT ; ii  _ ATI'Y.D_OCKET NO./'I'ITLE   APPLICATION NUMBER . g FILINGDATE - '

U3/567,234 12/U4/95 . FLQMM

 

D lease museum

.W‘ W 4' H ~ nu ? :14
lgNNm¢Nh amp Tmwmggwp Amp Cgkw
mThHAHT $THEET TUHR.

UNE MARKET PLAZA .

$AN FRANEISEU me 94105 “fin”
- V 4 DATE MAlLED:I “ “ ' “ ‘

NOTICE TO FILE MISSING PARTS OF APPLICATION III/ 1 .1.

FILING DATE GRANTED

An Application Number and Filing Date have been assigned to this application. However, the items indicated

below are missing. The required items and fees‘ identified below must be timely sijbfitted ALONG WITH. THE P ~ NT, OF A SURCHARGE for items 1 and 3-6 only ‘of for large entities or
$ _ for small entities who have filed a verified statement claiming such status. The surcharge is set forth in
37 CFR 1.16(e). ‘

If all required items on this form are filed within the perioisgtglow, the totalamount owed by applicant as a -|E’légeentity, D small entity (verified statement filed). is .

 

 
Applicant is given 0NE_MONTH FROM THE DATE OF THIS LETTER, OR TWO MONTHS FROM THE
FILING DATE of‘this application, WHICHEVER IS LATER, within which to file all required items and pay any fees
required above to avoid abandonment Extensions of time may be obtained by filing a petition accompanied by the
extension fee under the provisions of 37 CFR 1.136(a). .

 
  
  I e statutory basic Ektfigsing ‘El insuflicient. Applicant as a E’lar’ge entity El smallentity, must submit $ - to complete the basic filing fee. ‘

I 2. Additional claim fees of $ . ' A asa III large entity, [3 small entity, including any I
‘ required multiple dependent claim fee, are required. Applicant must submit the additional claim

feesvor cancel the additional claims for which fees are due.

3. I2The th or declaration:
missing.

El does not cover the newly submitted items.

‘ An oath or declaration in compliance with 37 CFR 1.63, identifying the application by the above
Application Number and Filing Date is required._ '

4. E! The path or declaration does not identify the application to which it applies. An oath or declaration
in compliance with'37 CFR 1.63, identifying the application by the above Application Number and
Filing Date, is required. ' ’ I . ‘ '

' 5. CI The signature(s) to the oath or declaration is/are: C] missing; [I by a person other than the inventor

or a person qualified under 37 CFR 1.42,~.1.43, or 1.47. A properly signed oath or declaration in
compliance with 37 CFR 1.63, identifying the application by the above Application Number and
Filing Date, is required. » ' I A

'6. E] The signature of théfollowing joint inventor(s) is missing from the oath or declaration:

oath or declaration listing the names’ of all inventors and signed by
the omitted inventor(s), identifying this application by the above Application Number and Filing _
Date, is required. _ _ _

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

8. [I A $ I processing fee is required since your check was retumedewithout payment.
(37 CFR 1:21(m)). 4 '

. 9. El Your filing receipt was mailed in errorlbecause your check was returned without payment.

10. CI The application does not comply with the Sequence Rules. Seelattached Notice to Comply with
Sequence Rules 37 CFR 1.821-1.825. ’ '

11. C] Other.

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

A copyofthis notice.AMUST be returned with the response. .

““?"’—-QI e1:p._et.al._..E..xhibit..1401JJ......._
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1 -I hereby certify that this correspondence is being
eposited with the United States Postal Service as

‘ rst class mail in an envelope addressed to:
‘sistant Commissioner for Patents ' ' ' ' A I 0

g'tn: Box Missing Parts, Hashington, D.C. 20231, I - - IzggllghflxT.

r rouussuo and rouusauo and cneu LLP

ay 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

' In re application of: 0

Daniel L. Flamm, etlal. Examiner: Unassigned

Serial N0.: 08'/567,224 Art Unit: Unassigned

Filed:lDecember 4, 1995 TRANSMITTAL LETTER - RESPONSE

‘ . TO NOTICE OF MISSING PARTS '
For: PROCESS DEPENDING ON . »

PLASMA DISCHARGES »

SUSTAINED BY INDUCTIVE '

. COUPLING V _

Attn: Box Missing Parts -

Assistant Commissioner for Patents

Washington, D.C. 20231

Sir: A A

p Pursuant to the Notice to File Missing Parts of Application - Filing Date

Granted dated February 14, 1-996, enclosed are_the following to be made of record in the
above-identified app1ication:_ '

1) Petition to Extend Time Under 37 CFR §1.13'6(a) *
2) A Executed Declaration and Power of Attorney;
3 ‘ Copy of Notice o_f Missing Parts;

4) Postcard. ‘

Please charge Deposit Account N0. 20-1430 for the folloyving fees:

I (a) Filing Fee (§ 1.16(a))(Large Entity) ' ' $ 750.00 -

(b) Excess Claims Fees (§ 1.16(b), (c)): A

_2_0_--20=_Q_x 22.00: A$ 0.00

_3_-3=ox 78.00:. I ‘ is’ 0.00

(C) Missing Parts Surcharge (§1.16(e)) ' $ 0130.00

A TOTAL FEES TO BE CHARGED $ 880.00

Inte1Co1'p. et 31. Exhibit 1007

'  5/77‘ .1 I Q ‘Attorney. Docket No. 16.655-000300
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Daniel L. Flamm, et al.= A “ ‘PATENT
Serial No.: 08/567,224

Page 2

_ The Commissioneris hereby authorized to charge any additional fees p
associated with this paper or during-the pendency of this application, or credit any

I overpayment to DeposritfAccount No. 20-1430 forthis paper and during the prosecution of

‘Fax (415) 326-2422

this application._ This Transmittal Letter is submitted in triplicate.

‘V T ' . Respectfully submitted;

   Richa 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—mp.res

Intel'Co1‘p. et all Exhibit 1007 r .
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" Daniel L. Flamm, et'al.’ v I ' 5 V PATENT
Serial No.: 08/567,224‘ -

Page 2‘ t

The Commissioner;is hereby authorized to charge any additional fees A

associated with this paper or during the pendency of this application, orcredit any " V

overpayment to Deposit Account No. 20-1430 for this paper and during the prosecution of ’

this application. This Transmittal Letter is submitted in triplicate. 2

Respectfully submitted,

A
Richard T. Oga a

Reg. No. 37,692

  L, \  

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

San Francisco, California 94111-3834

(415) 326-2400 4

Fax (415) 326-2422
RTO:de A

lrto\work\1V6655\3—mp.res_

Intel cmip. et all i Exhibit 1007
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I hereby certify that thisvcorrespondence is being
deposited with the United States Postal Service as
first class mail in an envelope addressed to:

" Assistant Conmissioner for Patents, . . . PATENT

 
 

I A 1 J, /7?‘ ' , Attorney Docket No. 16655-000300
H“ V I I I. . V-LJNSEND and T0wNSEND«and cm; LLP

' San Francisco, California 94111-3834

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: Decernber 4-, 1995 PETITION TO EXTEND TIME UNDER 37
~ ' . . * CFR ‘§1_.136(a) _ .

For: PROCESS DEPENDING ON PLASMA A -

DISCHARGES SUSTAINED BY. A
INDUCTIVE COUPLING

\/\./\./\_/\/\/\/\/\/\/g/0;
Assistant Commissioner for Patents

Washington, D.C. 20231 '

Sir: V

Applicants petition the Assistant Commissioner of Patents toextend the time for

response tothe Notice to File Missing Parts of Application, dated February 14, 1996 for three

months, from March 14, 1996 to June 14, 1996. . An appropriate response to the notice in the form of
a Response to Notice of Missing Parts is enclosed herewith. 0 0 up

4 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

Respectfully submitted,

 
 

Petition is submitted in triplicate.

ichard T. Ogaw

Dated_: i }_
' Reg. No. 37,692

TOWNSEND and TOWNSEND and CREW LLP ‘ '
Two Embarcadero Center, 8th Floor ‘ - '  
(415) 326-2400’
RTO:de
rto\work\16655\3—petex1.tme

Intel Corp. et al. Exhibit 1007



      
       

      
    
     

   

     

  

      

  

      

     

          
   

     
  

 

  
   

  

           

              

                 

         

                

              

    

 

 
  

  
     

    
   

 

  

Intel Corp. et al.    Exhibit 1007

it Filed: December 4, 1995

I hereby certify that this correspondence is being
deposited with the United States Postal Service as
first class mail in an envelope addressed to: ’
Assistant Commissioner for Patents, ‘

OH

TOHNSEND and TOWNSEND and CREW LLP

By /CéI»4—rv—t_‘I ‘ I

_ IN THE‘ UNITED STATES PATENTAND TRADEMARK OFFICE

In reapplication of:

Daniel L, Flarnrn, et a1. -Examiner: Unassigned

Application No.: 08/567,224 Art Unit; Unassigned

PETITION TO EXTEND TIME UNDER 37

. _ 4 CFR §1.136(a) ' I
For: PROCESS DEPENDING ON PLASMA V — . *

DISCHARGES SUSTAINED BY 2

INDUCTIVE COUPLING I

____________..j______'___)

Box Missing Parts
Assistant Commissioner for Patents

Washington, D.C. 20231

"Sir:

_ Applicants petition the Assistant Commissioner of Patents to extend the time for 1
response to the Notice to File Missing Parts of Application, dated February 14,1996 for three

months, from March 14, 1996 to June 14, 1996. An appropriate response to the notice inthe form of
a Response to_ Notice of Missing Parts is enclosed herewith. _ ' _

9 Please charge $900.00, pursuant_to 37 CFR §1.1V7, to the Deposit Account No. 20-

1430. Please charge anyadditional fees or credit overpayment to the above Deposit Account. This .
Petition is submitted in triplicate. H I

Respectfiillysubmitted, -

 
I ‘ . A _ 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 V

rto\w0rk\16655\3-petexl .tme

InteIiCo1‘p. et al. Exhibit 1007

Washington, D.C. 20231, Box Missing Parts ‘I I _ ‘ lzggllihflr

. _ 91$ 3, /776 . Attorney -Docket No. 16655-.000300 '
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Attorney Docket No. 16655-3 I

DECLARATION AND POWER or ATTORNEY

As 21 below named inventor. I declare that: . A

My residence, post office address and citizenship are as stated below next to my name; I believel 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

SUSTAIN1i_JD 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).

I have reviewed and understand the contents of the above identified specification, including the claims, as ‘amended by any amendment
referred to above. I acknowledge the duty to disclose information which is material to the examination of this application in accor_dance
with Title 37, Code of Federal Regulations, Section 1.56. 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 inventorfs certificate having a filing date before that of the application on which priority is claimed.-

Prior Foreign Application(s) < A p ‘ ' ' I . _

Country Application No. A Date of Filing _ Priority Claimed .
. _ Under 35 USC 119

Yes’. No v V

———Yes; New
 

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 application is not disclosed) in the prior United States application in the manner provided by '
the first paragraph of Title 35, United States Code, Section 112, 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: ‘

Avpncarionsewo. I I Dateofmng
___Patented __ Pending ___Abandoned '  
__Patented __ Pending ._ Abandoned

POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attorney(s) and/or agent(s) to prosecute this application.
and transact all business in the Patent and Trademark Office connected therewith. ' _ '

Richard T. Ogawa, Reg. No. 31,6; ’
j William J. Bohler, Reg. No. 31,487 "

Kenneth R. Allen, Reg. No._2_']&‘~

send_-Con-espondenceto; 1 A Direct Telephone Calls to: I V
 wa (Name, .Reg. No., Telephone No.)

___;m hFloor Name: ' Richard T. Ogawa‘
San Francisco, CA_ 94111 V Reg. No. 37,692 

.-..,._,.___ _.____ ‘ I . ' - Telephone: 415 326-2400‘

(Page 1 of _2)

Intel Corp_: et al. Exhibit 1007



                      
                       
                       

            

           

      

   

    

         
     

      
    

        
        

           
    

       
   

        
       

 

        
   

       
    

        
     

 

 

Intel Corp. et al.    Exhibit 1007

_ Full Name ‘
of Inventor 1

Residence & ' City I
Citizenship .Yamanashi

   ‘Last Name - . I First Name ‘ _ , Middle Name or Initial
Flamm Daniel _ L. _

City ‘ State/Foreign Country Countryof Citizenship
Walnut Creek California U.S.A. S

Post Office Address ' City , ' State/Country Zip Code
» 476 Green View Drive _ Walnut Creek ‘ California 94596

Full Name Last Name _) /b . First Name Middle Name or Initial _ ( - ‘ _of Inventor 2 Vinogradov’ ‘ I _Geor . - / .
. _ ' I - _ -\.—»

Residence & City ' State/Foreign Country Country of Citizenship
Citizenship Yamanashi / \ ' Japan i Russia V

 Residence &

Citizenship

  
 

 

 

 
     

 
   

 
 
 

 

 
 

 

 

Post Office Address , . City State/Country
Dragons Mansion Apt. 306 Yamanashi, 400-01 Japan
5860-5 Ryuchi ‘

  
 

 Futaba-cho,' Kitakomagun ‘ »

Full Name Last Name F I First Name v Middle Name or Initialof Inventor 3 u_ e ama -u n_, " .. .

State]Foreign Coun ry Country of_ Citizenship 6 .
Japan ‘_ Japan '

, City ' State/Country Zip Code
Japan - '

 
 
 

 

 
 

‘Post Office Address’

5875-4 Ryuchi ‘
Futaba-cho, Kitakomagun   

Yamanashi, 400-(ll
 

* 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 andthe like so made

are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code, and that such willful false

statements may jeopardize the validity of the application or any patent issuing thereon. _ ' '

Signature of Inventor 1 ' Signature of Inventor 2 _ Signature of Inventor 3

 
 

Daniel L. Flamm A * I Georgy Vinogradov" 1 Shimao Yoneyama

 

no\w0rk\ l665S\3-dec.pt:a _ I (Page 2 of
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Full Name Last Name . ' I _ First Name Middle Name or Initial . _ I
of Inventor 1 Flamm ' A Daniel , L.

Residence & City State/Foreign Country Country of C_itizensliip '
Citizenship  - California I _ U.S.A. ’
Post Office Post Office Address A City - State/Country V Zip Code. _ ’
Address '476 Green View Drive I ‘Walnut Creek V California 94596

 Full Name Last Name ' First Name ’ Middle Name or Initial
of Inventor 2 Vinogradov ‘ Georgy .

Residence & City State/Foreign Country K Country of Citizenship -
Citizenship 0 Yamanashi , Japan Russia . F

Post Office Post Office Address City State/Country

Address Dragons Mansion _Apt. 306 . Yamanashi, 400-01 Japan _
5860-5 Ryuchi

' . Futaba-cho, Kitakomagun

Full Name I Last Name A First Name Middle Name or Initial

of Inventor 3 Yoneyama Shimao ’ . - v

Residence & . ity. ‘ _ State/Foreign Country _ Country of Citizenship
Citizenship Yamanashi Japan ' - V ' Japan .

Post Office Address City I ' State/Country
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 werepmade with the knowledge that willful false statements and the like so made

are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code, and that such willful false

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

S' f Inventor 1 . Signature of Inventor 2 , 0 Signature of Inventor 3 
1 . ' I

_ 11

F’, I
Georgy Vinogradov I ' ' , Shimrin Yorieyama 

rui\work\|6655\3-di:e.pua . . - (Page 2 of 2)
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.‘;.nw ‘ V -- ._ . i l V‘A l’  »
UNITED STA-. _" ‘TEPARTMENT OF COMMERCE

. Patent and Tratlemark Office
‘Address: COMMISSIONER OF PATENTS AND TRADEMARKS‘

. Washington. DC. 20231 '  
‘ ‘FIRST NAMED maptucm _

1.'1::.-‘:5:/25 . 1 .: . -
[Z _. ’V‘ J5 _ lLQHN D cisssswnnnssn

‘ii. A _ _ _ V ' I.‘.I'."-.“:.'.‘~II'2-.'./'I.’.'Ii2'21n‘l.
.? ’ lg@NbE§D AND ruwmssmn Ame tafim

::.«jrt-;I...IARr amt-‘.=:E1‘ T:_:wm
UNE MARKET PLQZA

.*.':"’W Ff" NI: “. 'I“,._~'- .n» A "(A I I I 1”! L19 .2! 1. ,J_i_a.__ V DATE MMLED: m:”._m

NOTICE TO FILE MISSING PARTS APPLICATION _ T.‘ .1? K. I T ,.._‘.|€__.
. FILINGDATE GRANTED I " W ' “I J "' _

'3 An Application Number and Filing Date have been assigned to this application. However, the items indicated
below are missing. The required items and fees identified below must be timely submitted ALONG WITH

THE OE A SURCI-IARGE for items 1 and 3-6 only of $ _ A '5! 2 'for large entities or$ " " for small entities who have filed a verified statement claiming such status. The surcharge is set forth in
37 CFR 1.l6(e).

If all required items on this fonn are filed within the perio%s25low, the total amount owed by applicant as a D/largeentity, Cl small entity (verified statement filed), is ' '

Applicant is given ONE MONTH FROM THE DATE OF THIS LETTER, OR TWO MONTHS FROM THE
FILING DATE of this application, WHICHEVER IS LATER, within which to file all required items and pay any fees
required above to avoid abandonment. Extensions of time may be obtained by filing a petition accompanied by the
extension fee under the provisions of 37 CFR 1.136(a). ’

 

 
 
 

 

 
1.. e statutory basic filing fee ' ' Qvfissing D insufficient. Applicant as a:B‘Ia/rge entity El small

entity, must submit _ r ’ to complete the basic filing fee. ‘

2. E! Additional claim fees of $ I ' ' asa El large entity, C] small entity, including any
required multiple dependent claim fee, are required". Applicant must submit the additionalclaim
fees or cancel the additional claims for which fees are due. A . - -

3. The th or declaration:
. s missing.

[:1 does not cover the newly submitted items.

An oath or declaration in compliance with 37 CFR 1.63, identifying the application by the above
Application Number and Filing Date is required. ' ‘ »

4. C] The oath or declaration does not identify the application to which it applies. Anoath or declaration
in compliance ‘with 37 CFR 1.63, identifying the application by the above Application Number and
Eiling Date, is required. ‘ ’

_ .5.vI7_1-="l“he signature(s) to the oath" or declaration is/are: D missing; E] by a person other than the inventor
,;sjtr 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. ’ L3. .._

6. CI The signature of the following joint inventor(s) is missing from the oath or declaration: . '

An oath orldeclaraltion listing the names of all inventors andsigned by
the omitted inventor(s), identifying this application by the aboye Application Number and.lE‘il-ing.
Date, is required. - -A « z :2 -

7. CI The application was filed in a‘ languagelother than English. hlust file: élverified English
translation of the application and a fee of $ _ under 37 CFR 1.17(k),‘ unless this fee has
already been paid. I _ ..

8. [I A $ A processing fe_e is required since your check was returned without payment. -
(37 CFR 1.21(m)). ' ' '

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

10. The application does not comply with the Sequence Rules. See attached Notice to Comply with»
’ Sequence Rules 37 CFR 1.821-1,825. . I . I

11. C] Other.

Direct the response to Box Missing Part and refer any questions to the Customer Service Center
at (703) 308-1202. ' I » I _ ‘ " '

A copy of this notice UST be returned with the response.
A , FORM P"I'0-'l58'3(Rl;V. ii-9_4) T coev TO BE RETURNED wnn masporlneel Corp. get" 211.. q Exhibit 1007,
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Mi‘
‘an envelope addressed to: Assistant Conmissioner for Patents,‘

By ‘

* Sir: '

I hereby certify that_this correspondence is_pgj geposited
with the United Stateéfifiqstgl Service as?fiEst%€La§$fimail in

Washington, D.C. 20231; on

Attorney Docket No. 16655-00030 '

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

- In re application of: p A p p
 _ A >1 _ ‘Tm i),w(;, .
Daniel L. Flamm, et al. ) Examiner: ' '

’ A )

Serial No.2 O8/567,224 ) Art Unit: 1-&_-12-- 1 lo?

Filed: December 4, 1995 ) POWER TO INSPECT AND MAKE

. p l ) COPIES ' '
For: PROCESS DEPENDING ON )

PLASMA DISCHARGES. ) RECEIVED
SUSTAINED BY INDUCTIVE ) I
COUPLING ’ « ) NW 05 1996

; GROUP 1100

Assistant Commissioner for Patents

Washington, D.C. 20231

‘Please permit Annette Masiello and/or Ray1ine'Pettit to_ inspect and make

copies of the above-identified patent application. _ I

Respectfully submitted,

Date: _ . ' Richard T. Oga
Reg. No. 37,692

TOWNSEND and TOWNSEND and CREW LLP

Two Embarcadero Center, 8th Floor

San Francisco, California 94111-3834

(415) 326-2400 '
l

  

RTO:de

16_655l3-power. ins
l

Int.e:‘.A1_Co1‘p. et al. Exhibit 1007
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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 Unit:~it6¢+IlOQ
Serial No.: 08/567,224 . Examiner: G7—Geudreaur~—e~

Filed : December_4, 1995 . .m,_ ~tIyw ‘V
Title : PROCESS DEPENDING ON PLASMA QgSCHARGES , _p{w’_

' -A ’ SUSTAINED BY INDUCTIVE COUPLING”, .-\\iYtxjs§
I _ ‘ I h . u"‘l‘,«~*,=,siL;-r

_Office of Petitions _. . flflfii

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 assignee

of a fractional interest in the above-referenced patent

lapplication by virtue of an assignment from two of the inventors

‘and

Georgy Vinogradov and Shinao Yoneyama;: Daniel L. Flamm ("Flamm9)

is the third inventor, A dispute has arisen between MCE and its

assignor-inventors, on the one hand, and Flamm on the other hand.

Eecause of this conflict, Petitioner believes that the present

attorney of record cannot act on behalf of all parties in
interest. A

.The'dispute arose because Townsend, Townsend & Crew 

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

origin lly told MCE that it represented both MCE (and its two

invei rs) and Flamm. Townsend has unilaterally changed its mind
 
 :_recent1y told MCE that it pply represents Flamm and is

Date of Deposit
, I hereby certify under 37 CFR 1.8(a)' that this correspondenceis
being depositedwith the United States Postal Service as fitst clam
mail with sufficient postage on the date indicated above and is
addressed to the‘Commissionerof Patentsand Trademarks,

Washington, DC. 20231. - ‘

2+7‘ .

, Inté,1Co1'p. et ai.  Exhibit 1007
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unwilling to represent MCE or its assignor-inventors in this

application. 0

Accordingly, Petitioner respectfully requests that the’

prior power of attorney to Townsend, executed by Mr.~Vinogradovl'
and Mr. Yoneyama, be revohed and the enclosed new power of.

'attorney to Fish & Richardson be substituted under 37 CFR

§3.73(b). pp

Petitioner respectfully requests that the Office accept

the attached papers, which constitute a revocation and‘

appointment of power of attorney for fewer than all applicants

and owners, and permit the application to be prosecuted jointly}
. Townsend has refused to join in this petition. I

Enclosed isva check in the amount of $130.00 in payment

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

any credits, to Deposit Account 06—1050..

Date: " 7lL Q   
Reg. N . 20, 3

:For Ge rgy Vinogradov,

Shimao Yoneyama and MC

Electronics Co., Ltd.

' Fish & Richardson PQC.
2200 Sand Hill Road, Suite 100

Menlo Park, CA 94025 ‘ . -

Telephone: 415/322-5070
Facsimile: 415/854+0875,

5é3e7.p11

Intel co1~p. et a1. Exhibit 1007
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PATENT.

' ATTORNEY DOCKET NO. 07931/001001 
-Applicant : Flamm, Daniel L.; Vinogradov, Georgy; and

v V Yoneyama, Shimao '
. Serial No.: ‘08/567,224 '
7Filed : V12/04/95
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 §3.73jb)

The.undersigned, an authorized representative of MC

»Electronics Co., Ltd., which has a place of business at 1-4541,

Suzuki—Cho, Kodaira-Shi, Tokyo 187, Japan, being assignee of an»

interest in the patent application identified above, the.

assignment being transnitted herewith for recordation, hereby

revokes all powers of attorney previously granted by its

assignors in this application and hereby appoints:

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

William J. Egan, III, Reg. No. 28,411

Reginald J. Suyat, Reg. No. 28,172

Karl Bozicevic, Reg. No. 28,807
Rene D. Tegtmeyer, Reg. No. 33,567

Hans R. Troesch, Reg. No. 36,750

David Goren, Reg. No. 34,609

Mark D. Kirkland, Reg. No. 40,048

Audrey M. Sugimura, Reg. No. 39,848

Wayne P. Sobon, Reg. No.'32,438

vas its attorneys with full power of substitution and revocation

to prosecute this application and to transact all business in the"

United States Patent and Trademark Office connected therewith.

The undersigned has reviewed all the documents in the

chain of title of the patent application identified above and, to

Inte1Co1'p'. et al. Exhibit 1007
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‘the best of the undersigned’s knowledge and belief, title as set .h

forth herein in the assignee as identified above.

The undersigned (whose title is supplied below) is

empowered to act on behalf

I hereby declare

own knowledge are true and

information and belief are
these statements were made

statements and the like so

of the assignee{

"that all statements made herein of my

that all statements made on

believed to be true; and further that

with the knowledge that willful false.

made are punishable by fine or

imprisonment, or both, under Section 1001 of Title 18 of the

jeopardize the validity of

thereon.

Date: /0[5Z[4Z M ' _

50886 . P11

United States Code and that such willful false statements may

the application or any patents issued

Respectfully submitted,‘i

¢:5’;obuaki Matsuo ' I
President, MC Electronics Co.,
Ltd. M ’ ‘

[ 1n1é1ch4~p. et ‘a1. a. Exhibit 1007 l



    
   

    
   

   

 

  
      

   
    

    

    
   

   
    

   

         
        

           
 

   

          
        

          
         

  

         
          

     
          
          

         
          

         
         

          

        
        

       
    

Intel Corp. et al.    Exhibit 1007

UNWELpFATESDEPARTMENTOFCOMMERCE
Patent and Trademark Office ‘ ‘ ’
ASSISTANT SECRETARY AND COMMISSIONER OF

.PATENTSANDTRADEMARKS A

Washington, DC. 20231
 

Paper No. 6

RICHARD T. OGAWATOWNSEND & TOWNSEND ‘fa CREWV ~ . I
TWO EMBARCADERO CENTER, 8TH FLOOR
SAN FRANCISCO CA 94111 .- 1

1'  m  qsermmi

' A _ 1 OFHUI; ‘rm 1 I JUN
In re Application of ' - : ‘ AK3FMfiF”‘”'
Daniel L. Flamm et al. . : - , _-
Application No. 08/567,224 :' ON PETITION

“Filed: December 4, 1995'
For: PROCESS DEPENDING ON PLASMA
DISCHARGES ‘SUSTAINED BY _INDUCTIVE
COUPLING ’ - — '

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 Flamm,
Vinogradov, and Yoneyama, and gave power of attoney to Ogawa, ‘
_Bohler, and Allen of Townsend, Townsend, and Crew LLP (TTC), at

Two Embarcadero Center, 8th Floor, San Francisco CA 94111 as thei

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. « . 1 ~ -

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.

rlniel Corp. et al. Exhibit 1007
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Application No. 08/567,224 ' V 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 MOE under 37 CFR 3.73(b) and by
coinventor Daniel L. Flamm, or his representative. Each attorney.

signing subsequent_papers must indicate whom he or she , V . ”
represents. " é ’

All parties are reminded that dual correspondence is notV
permitted, and-will not be undertaken by the PTO. '

.The PTO will continue to conduct correspondence with the
attorneys first named in the application, i.e., Richard T. Ogawa,

-William J. Bohler, and Kenneth R. Allen, at the correspondence

address of record noted above, who will also be responsible for.
coordinating replies or submissions to the PTO. see MPEP 402¢10\

This application is being returned to Group 1100.

‘Telephone inquiries relative to this decision should be directed
to Michael Phillips at (703) 308+6712.

Abraham Hershkovitz

Director, Office of Petitions . .

Office of the Deputy Assistant Commissioner
for Patent Policy and Projects

CC: ROGER S; BOROVOY

FISH & RICHARDSON P.C. v

2200'SAND HILL ROAD, SUITE 100

MENLO PARK, CA 94025

Imél corp. et a1. Exhibit 1007
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V I i _[I 7%, V’

. V V i V _ PATENT
. , . , ATTI 1 DOCKET No. 07931/001001

— ,sisnnsu1 BY rue lNVERTORS

. i Ass1QNM1~:NTx i

, For good and valuable consideration‘, the -receipt of which is hereby acknowledged, the undersigned ASSIGNORS -
hereby sell, assign, and transfer‘ to ASSIGNEE, MC Electronics -co.,,L,td.. a Japanese Corporation, having its

_offices located at 1-45-1, suzukijcho Kodaira-Shi,'1okyo 187, Japan,,and the successors, assigns and legal
representatives of the ASSJGNEE all of their right, title and interest for the United States and its
territorial possessions and. in all foreign countries in and to, any and all iirprovcments in the invention
entitled: ‘ ' i * A ‘ '

PROCESS bépsuoxua on PLAsnA DlSCHAR¢ES SUSTAINED at INDUCTIVE COUPLING

and which is found in the so-titled U.S. patent application Serial No. 08/561,221. filed on Decetrber 4 1995.
 

and any legal equivalent thereof in a foreign comtry, 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 reissue, reexamination or extension
of said Letters Patent and allrights under all international Conventions for the Protection of Industrial
Property. - ' ' ‘ ‘ »

‘ASSIGNORS hereby. covenant that no. assignment, sale, agreement or encunbrance has been or will be made or

entered into which would conflict with this assigmient. ' ' '

AQSIGNORS fur.'.her'covenant that ASSIGNEE will, uponits request, be provided pronptly with all pertinent
,. facts and documents relating to said invention and said Letters Patent and legal equiv_al_ents as may be known
. and accessible to’ ASSIGMORS and that ASSIGNORS will testify as to the same. in any'inter‘fere_nce, litigation,

or proceeding relating thereto and will proaptly execute and deliver to ASSIGKEE or its legal representative
any and all papers, instrunents or affidavits requiredlto apply for‘, obtain, maintain, issue or enforce said

. application, said invention and said Letters ‘Patent and said eqfivalents thereof which may bernecessary ‘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 assignmentto insert into this assignment‘ the execution
date of the application and/or the filing date and serial nurber of the application when officially known;

ASSIGNORS request the Commissioner of Patents and Tranrks to issue said Letters Patent o_f the United
States and any reissueor extension thereof to the ASSIVGNEE. ' » ' ‘ ‘ '

Executed this - " » . Signature of lnventr

 
 

 
  

 

State of California '. . . )
3 - i ’ ) SS.

county of S3‘ -Mateo v ,_) .

beforte me’ , _ . I I
. pers ared Georgy Vinogra v, D onally k to me OR proved to me on the basis of —

satisfactory evidence to be the person whose name is stbscribed to the within instruhent and acknowledged to
me that he/she executed the same in his/her. individual capacity. - v ‘ '

.Vitnes my hand and official eal.

  t éusm 1. KEYSER
 
 

r 1)

.1 _- '-comm.s1o5o531 .5
3;?‘ . , NowAnvruauc.cmLrcnnu I
o_ h’ $8iMuaoChu1y _3

_ 1‘>A"1"E~:N"iIi‘
ma"-:.l;i.‘l:'1...,: 8289 FR/\fNIl17}Z: (133.1

Inte1Co1jp. etal. ‘Exhibit. 1007 0
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‘ ’ . ' ‘ ’ -. . V - PATENT
_. _. _ « ‘ A _ ' -. _ A1 ‘at DOCKET no. 07931/001001' ' ‘ ‘ ' 7 ASSIGNMENT BY THE INVENTORS

‘ Exec_uted this, ‘ ‘ ' - _ _ ‘ 1 I Sifinature of _1_n\}entoi'

927/14 day of  95 . ' ch y"
' A _ ; . ' ._ Shimao Yoneyama , /

‘ ‘state of ' California ‘ ' ) -
' ‘ _ ~ I , . ) _ _ s_s.

togryty of San M teo . _ V. ‘ — .)
 
 

 

 

'to' Ice (It proved to me on the basvis of satiéfactbry
I trunent and acknouledged to mg that-

he/she_ executed the seine in his/her _indivi‘dual capacity. ' v . - .

"’ . ‘ ~ SUSAN KEYSER

Commfh 1060531 3
a 17'

Uitnes Harjd and .bff' ial seal_.,* "A

‘-‘v ‘.54’.-. Nommvusuc‘-caxroam.

 ‘I‘,F‘, .
 

~ ‘5o9os}P11

. . . V _1—>‘A'1‘1a.:N'i1‘. %

ua;cc)12:»13121.>; IO/28/1996 I _ ‘ m:.1:;x.,: 82391?-‘1<AM.1;a:-; 0882

.‘ Ahlhtéil C.'0:1'p.;etVa1. Exhibit'1007 
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_ umrrso_s'rIii1és'.nEpAn'rMEm or commence"
Patent: and Trademark Office -

Address : COMMISSIONER OF PATENTS AND TRADEMARKS
' .Wash1'ngt'.on. DC. 20231. . '

 
[ SERIAL NUMBEHj FILING DATE 3 ‘ ' F583? NAMED |i\!VENTGFi A T.ei’aTTC3Ri=£ii'.'-.'Y if2Cii‘:i"(i7:'l.'_
ff§7§@3q§§q. —I§7fiE7§EF‘”fi{EmfiT""m““"*“‘“f“““”7”"”"“H”T”””TEESSTUUQ;DDA

_ __ 9 ‘m ‘M N. 0 A [j_______m "E§EEfifiEfia.“-cN-- M-” c]I] El 1:45 I] , _ , l=:=N / 1 1 U “*——*'.“"~‘"“*'**’“““”'””“"*'“ "“““"“‘“'“T

Tmwmsamn awn TUNNSEND AND.CREw ' ' . LuRINe.s

TNU EMEARCADERQ CENTER EIEHTH FLUUH ‘ ‘

I-3!-ii\l F‘R(-§l\ilIi1fr5CIilIi CIA ‘EM-111

 
12/10/97

DATE MAli..Eii:

This is a mmrnunication irorn the examiner in charge of your appiicatiori.. COMMISSIONER OF PATENTS AND TRADEMfi:l~‘iK5; - '

A This application has been examined D ‘Responsive to communication filed on E] . This action is made final.

A ehortenedstatutory, period for ‘response to this. action is set toexpire monthls), dalysvfrom the detect this letter.
Failure to respondwlthln the period for response will cause thefappiication to become abandoned. 35 U.S.C. 133 M

Part I . THE FOLLOWING ATTACI-iIM'ENT(S) ABE PART OF 'i'l-ils ACTION:'

1 E] Notice oi References Cited by Examiner, PTO-‘B92. '2. D Notice re Patent Drawing, PTO-948.
, 3. Notice of Art Cited by Applicant, PTO-1449. A 4. El Notice of informal Patent Application. Form PTO-_152.

5 El Information-on How to Effect Drawing Changes, PTO_-1474. 6. Li

Pan.-I|_. A summnv or ACTION ’

. y , _ ’_ O
1. 8' Claims 1 ‘ 9'
 

are pending in the application.

 
‘Of the above, claims are withdrawn trom consideration." V
 

 

 

 

 

2.’ D Claims ' ' have been cancelled. _

' 3. Claims are allowed.

4. Cialm‘s are rejected.
5. Claims M are objected to.

' 8. Claims _ V ‘.20 ’ V I _ arelsubiect to restriction _or election requirement.

7. ‘D This application has been iiledwlth lnformllal drawings under 37 C.F.R. 1.85'which are acceptable for examination purposes.

0. D Formal drawings are required in response to this Office action.

9. D The corrected or substitute drawings have been rece_lved‘on Under 37 C.F.R. 1.84 these drawings
are D acceptable. El not acceptableisee explanation or Notice re Patent Drawing, PTO-948). 1

.10. -Cl The prdposed additional or substitute sneeus) or ‘drawings. filed on _______ nee (have) been Ci approved by the
- examiner. D ' disapproved by the examiner (see explanation). ' '

11.‘ CI The proposed drawlngcorrection, tiled on has been I] approved. disapproved (see explanation). _

12.’ Cl Acknowledgment is made of the claim for priority under U.S.C. 119.-The_certIfied copy has [:1 been received U not been received‘

E] been filed in parent application, serial no. v; tiled on _‘ A

13.‘ I] Since this application appears‘ to be In condition .for allowance except for formal matters, prosecutlonas to the merits is closed in
accordance with the practice under Ex parte Quyle, 1935 C.D. 11; 453 0.G. 213. ' ’

<

. 14. Cl other

EXAMINER'S ACTION

a it -" I‘ I ’ - . * hHelCkHp.etaL Exhflfit1007i
‘ an-WI-Iilfitil‘-flcnmpasuw-at-uawnwama ..-o:~_iva-Mai MM-‘~‘-'t!4'?-I-o-exam-z.-..i..——-—

PTOL-328;(F_iav. B-88)‘
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SERIAL NUMBER. 03/567,224 ~ _ 2
ART UNIT 1302 I . ‘

1. U Restriction to one of the following inventions is required under 35 U.StC. 121:
I. ' Claims 1-11, drawn to a pr_oc_ess for fabricating a product, classified in class

216, subclasses 67 and 73. A I

i II, Claims I2-20, drawn to an apparatus for fabricating a product, classified in

class 118, subclass 723R.

2. V‘ The inventions are distinct, each from the other because:

Inventions I and II are related as process of making and product made. The inventions

are distinct ‘if: either or both of the following can be shown: (1) that the process as claimed
can beiused to make other and materially different product or (2) that the product as claimed

can be madeiby another and materially different process (MPEP § i806.05(f)). In the instant
case an apparatus for fabricating a product can be made by other known methods such as

chemical dry etchingor ion-assisted etching. .

3. Because these inventions are distinct for-the reasons given above and have acquired a

separate status in the art as shown by their different classifications, restriction for

examination purposes as indicated is proper. -

' 4. Applicant is advised that the response to this requirement to be complete must include

an election of the invention'to"be examined even though the requirement be traversed (37

—CFR 1.143). - ' ‘ »

5. ' Applicant is reminded that upon the cancellation of claims to a non—elected'invention,

the inventorship must beamended 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 inventorshipvmust be accompanied by a diligently-filed

petition under 37 CFR 1.48(b) and by the fee required under 37 CFR 1.l7(h); U

6. Any inquiry concerning this communication or earlier communications from the

Intel corp. et a1. A Exhibit 1007
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SERIAL NUMBER 08/567,224 '_ - ,3 .
ART UNIT - -1802 ,

‘ Examiner should be directed to Sus_an A. Loring whose telephone number is (7'03)3i08-3998.

If attempts to reach the examiner by telephone are unsuccessful, the Examiner's

superyisor, James Housel, can be-reached on: (703) 308-4027. The fax phone number for this
Group i.s‘(7o3) 308-4242. I ‘

Communications via,In‘ternet e-mail regarding this application, other than those under

35 U.S;C. 13'2or which otherwise require a signature, may be used by the applicant and

should be addressed to [.iames.housel@uspto.gov].

All Internet e-mail communications will be made of record in theapplication file.‘

PTO employees do not engage in Internet communications where there exists a possibility that

sensitive information could be identified or exchanged unless the recordoincludes a properly

signed express waiver of the confidentiality requirements of,35 Ui.S.C. 122. This is more
clearly set forth. in the Interim Intemet:Usage' Policy published in the Official Gazette. of the 9

Patent and Trademark on February 25, 1997 at 1195 0G 89. I
A Any inciuiry of a generalynatureor relating to the status of this application or

proceeding should be directed to the Group receptionist whose telephone number is (703)

303-0196. .

  Bum?
SUSAN A. Lonme

PRIMARY EXAMINER

A enoup 1800 -

December 9, 1997

g I rméicoip. etal. Exhibit 1007
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. Q'<a\':m22.'*l_ V_
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 . « , ‘.-
drawingsare submitted, the draftsperson will perform a

review. *

- * Direct 'any inquires “concerning drawing review. to the Drawing
. Review Branch.(703) 305-8404.‘ ‘ - '

may

SUBS'I1_'l'U'I'EP'l‘0-9_48 - ' p ' v H A‘ __ _ Inte1:Corp.ét.a1. I Exhibit 1007
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0 A 0  1" ’io<£\$‘WT°.“i .i
Attachment » ‘

E

‘V ' ._ The drawings submitted'.wi'th this applicationlwere declared.
_ informal by the applicant. Accordingly they have notbeen _

_ V reviewed by a draftsperson at this time. When formal 0. ~
’ drawings are submitted. the draftsperson will perform a,

review. ’ ‘ ' ' ’ ' 0 '

Direct 'any inquires concerning drawin5gV'res"iew to the Drawing
. Review Branch (703) 305-8404. _ w r ' V V

sunsrn-or.‘ rfro-949" «. £5‘

4 corp‘. eta1.L Jfljxih-ibit1007_
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ClDEED

Transaction History Date g X3 in 

Date lnfonnation retrieved from USPTO Patent

Application Information Retrieval (PAIR)
system records at www.uspto.gov

an OF co

big UNITED STATES DEPARTMENT OF COMMERCE.
. Patent: and Trademark Office

,. 3' ‘Address: COMMISSIONER OF PATENTS AND TRAOEMAFIKS
J‘ . Washington, D.C. 20281 ' _ .

   
1

, -i 12/Dd/W5 FLnmm n 1& -wr:r3::

APPLICATION NUMBER FILING DATE FIRST NAMED APELICANT ‘ ATTORNEY DOCKET NO.

I ' HMi1xn?an’

gnaw LuRIme,s

is -it-(‘TH

.iE%i

Q 1.5.1 |.. '2: 3353

 

   
 

l\lIII' (3':l‘«lIII' "

 

  

DATE MAILED: ‘

NOHCEOFABANDONMENT

This application is abandoned in view of:

E Applicant's failure to timely-file a proper response to the Office letter mailed on. ‘Z ‘G qv-I ' .
A El A response (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
month(s)) which expired ontime of

Cl A proposed response was receivedonbut it does not constitute a proper response. to the final
rejection. ' » ' ‘ ' '

(A proper response to a_final rejection consists only of: a_timeIy tiled amendment which places the application in
condition for allowance; a Notice of Appeal; or the filing ofa continuing. application under 37 CFR 1.62 (FWC).

. ‘ C] (No response has been received.

[3 Applicant's failure to timely pay the required issue fee within the statutory period of three months from the mailing date
of the Notice of Allowance. '

E] The issue fee (with a Certificate at Mailing or Transmission of__'_:_____~_'___) was received on A '
C] The submitted issue fee of $.____is insufficient. The issue fee required by 37 CFR 1.18 is $

Cl The issue fee has not been received. _

C] Applicant's failure to timely tile new formal drawings as required in the Notice of Allowability-.
L__] Proposed new formal drawings (with_a Certificate of Mailing or Transmission of________-_.___) were

received on

1:] The proposed new formal drawings filed' not acceptable.

C] No proposed new formal drawings have been received.

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

The letter of express abandonment which is signed by the attorney or agent of record. the assignee of the entire
interest, or all of the applicants. _ '

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

The decision by the Board of Patent Appeals and interferences rendered on
for seeking court review of the decision has expired and there are no allowed claims.

ecause the period

 
The reason.(s) below:  

A- ‘ ' PRIMARYE V _ I
FORM PTO-1432 (REV. 10-95) A . « A - GFl0UP‘T80U'fllg"t\

Inté1Corp. eta1.\ Exhibit 1007
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Transaction‘History Date 2.15% Dug
Date information retrievedf .4a en_

Application information Re_trieval (PAIR) i
system records at WVVw.uspg0.g°v .

og _

 
...w.."‘?.’.';‘a"' ....&'l

   

"F."-. . * PIhrIuIIl‘itIdeI1IlkOllII:|TJ..B. .
tJrvdutiePmerwu1tRnumA¢d1mpueauueveniredtnru;ndbeah:hndrlun&ItefilQbpevItOInueuunnu.

 
 
  

  
  

  

  

 
  

‘ " '-'«'_-I-‘.1-r_~-._f-‘_:44g-Q-v.....~ _ 

 

REQUEST. FOR ACCESS or ABANDONED ultaég 57 " : 

Group Artunlt Examiner I

 
 

Paper No.

Aesietant commissionerior Patents
Washington. DC 20231 J

 I hereby request access under'37 CFR 1.14(a)(3)(lv) to the application file record of the above-
ldentified ABANDONED application. which is: (CHECKMONE)

 1% referred to in United States Patent Number column
__ (B) referred to in an application that is open to public inspection as set”'iorth' in 37 1.11. i.e..

Application No. A ' .. . tiled ~ . on page ' of .
paper number

   

__ (C) an application that claims the benefit of the tiling date of an application that is open to public
inspection. i.e.. Applition No. filed . l , or

 

__ (D)'an application which the applicant has tiled an authorization to lay open thefcomplete
application to the public. i _ ._ '

Please direct any correspondence concerning this request to the iollowing address:

   
Signature" ’ A

"FOR no use ONLY .

‘K.

Typed or printed name _  

(initials)  

Burden Hour statement: Thle term In estirnetedto take 0.2 hour: to complete. Time will vary depending u on the needs of the individual
can. Any comments on the amount of time you are r ulred tocomolete thin term should be sent to the hint lntennetion otficer. Patent
and Trldemerlt Dtiicl. Wuhin ton. 01720231. 00 NO SEND FEES OR COMPLETED FORMS To THIS ADDRESS. SEND To:
Aulmnt comrniuienerior Pe nu. wunington. oc 20231. -

or commence '
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$;_-_ ,- . . 

£30311:-nudtuntnuzamuuuufialjjzx .-3g‘;',fi'_-
---r--- . . . ‘ _ V ‘ H I .r.. _ ~

azaussr1-fad ACCESS OFABANDON APPUCATIDN uunsa 37 cm 1.14(a) :':~_-

I hen.-my ruquaataccnss under 37. cm ~..14(a)(:jav> to ma an::i=:.-..'::z zaa rears‘ of the ‘above-

ld‘?ti1!_;odABANDCNED appficadan. which is: (CHE-EX ONE: « - -
_IA) rafan-ad in Unx‘*.2d‘S!a:.e: Pate.-2: Humcsr £01 2 /2121 ccsumnfu "'7 " "

_‘ (B) referred to in anpflcadgrr that is amen ta nunfic :'.~:.cec:::'z a :3: .‘::m in 37"CFR 1.11. i.§..
Appflczficn Na. r men an page ' ‘ of
pacer nurnhar - ' _

__; (C) an application that dairns the benefit cit’ ma filing data of at:::;c.=:z'cn‘ man is cast: to public
lnspaczian. La- Appti:-.::cn Na. ' ‘ flea ' ’ ‘ % or

__ (D) an abpiicaflan in which the anptizzzni has flea an aun‘.:.afi:'zft: La‘,/&c_nen ma ccmpiata
appxlcadgn to ma auhfic.‘ . V

Pieasa cnxrasaondanca c::n:::n-mg this request 1: ma rcummg antirass:

 

90:20 5 D!‘
Date » 

. gr/w/9/am z'f.9-5?7:fl<9r>r
Typed or pnnzéa name  

  
1-nu mu varv caoenuzna unun mu noon: arm: mcuviaum . - '

moan no sum u: are 1.Z.".iol Infarmnon Omar. Patent
.-_-‘.3 FORMS TO THIS ADDRESS. SEND TO:

Suman Hour Smumm: Thbtntm as unmaxua In tau 0.: zones‘ no ccmaxme.
nu. Anvaanumma on ma Imcunl at !_:_r:Io vau_aru roauzfga ID c_.-ggxaxu mI3_‘I‘D‘f;'|':-I-.mu Fr-uunu-K Omen. wunwumn. DC ...:‘.2'1. .0 HOT ;:_*4D F-.-;:, OR C... -

-.-~-o

uuuanr Liannusnurnrrnrflainncs. '-‘VImIfl9‘=fi- ‘~35 -’---~

Alntel Corpget al. Exhibit 1007
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. V V _ - A V . i V VVVVVVV V:_‘VVVVlV‘.

I‘ hereby certify that this correspondence isbeing deposited with A _ I‘ 13 pg’;addressed M e V Attorney Docket No.: 016655-O003O0VUVS I 3 V .
4 i . . /‘V V‘ 1 A V

Assistant Commissioner for Patents, ’
Washington, D.C.'2D231

lam-i 3 @423     A 1 V jiii
TOWNSEND and TOWNSEND and CREW LLP

  
IN UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of:

1 Examiner: _ V
Daniel L. Flamm et al.

Art Unit:

Application No.: 08/567,224 V
' . WITHDRAWAL OF

Filed: December 4, 1995 ' ATTORNEY OR AGENTUNDER

< » 1 37CFRi§ 1.36 1 ‘
' 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 attoriieys for applicant

iherebywithidraws fromrepresentation relative to the aboVe—identified patent. Please direct all

‘future correspondence regarding the subject patent to applicant at: A

Dr. Daniel J .-Flamm

476 Green View Drive V —
Walnut Creek, California 94596

~ \

  
 

By: 0_9cQI\aa\ * _
William J. Bohler -

. Reg. No. 31,487

TOWNSEND and TOWNSEND and CREW LLP . fit itTwo Embarcadero Center, 8th Floor 1 . "V
San Francisco, CA 94111-3834 _ .

Tel (415) 576-0200 . V . /_
     é/w/.6 rz/M

  1 9    7//3//?

Intel Corp. etal; Exhibit 1007

the United States Postal Service as first class mail in an envelope -
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PTO/SBl68 (09-O6)
Approved for use through 3/31/2007. OMB 0651-0031 .

. US. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paerworlc Reduction Act of 1995. no ersons are reuired to resend to a collection of information unless it disla s a valid OMB control number.

REQUEST FOR ACCESS TO AN ABANDONED APPLICATION UNDER 37 CFR 1.14 ' ~

‘ in re Application of
B’/ing_ completed tom: to: ‘
File Information Unit, Room 2E04 .
2900 Crystal Drive ‘ Applicaton Number
Arlington, VA 22202-3514

Telephone: (703) 308-2733 A
Paper No._;Z;p ‘

I hereby request accesscunder 37 CFR 1.14(a)(1)(iv) to the application file_ record of the above-Identified ABANDONED
application, which is notwithln the file jacket of a pending Continued Prosecution Application (CPA) (37 CFR 1.53(d))

and which is identified in, or to which a_benefit is claimed, in the following document (as shown in the attachment):

United States'Patent Application Publication No. page. ________ line _—_____,,.a

United States Patent Number 5 . 0 column \ .line,

WIPD 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 3
available through the Public Patent Application Information Retrieval system (Public PAIR) on the USPTO internet
web site (vvvvw.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 partof the application file upon payment of
the appropriate fee. Such copies must be purchased through the Office of Public Records uponpayment of the
appropriate fee (37 CFR 1.19(b)). V , .
For published applications that are still pending. a member of the public may obtain a copy of:

thefile contents; the pending application as originally filed; or any document in the file of the pending
application. . . .

For un ublished a ' lications that are still endin :

. ( 1) If the benefit of the pending application is claimed under 35 U.S.C. 11_9(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.
A patent application publication, or an international patent application publication in accordance with PCT

Article 21(2), a member of thepublic may obtain a copy of: the file contents; the pending application as
originally filed; or any document in the file of the pending application. '
if the application is incogporated 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
accordancewith PCT Article 21 (2). a member of the public may obtain a copy of the pending application as
originally filed. '

v , Typed ,or printed name.

Registration Number. if applicable

t97o3)%a%+-1é<g.3 T  
Telephone Number

USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This c ection is estimatedtto take 12 minutes to
complete. including gathering. preparing. and submitting the completed application torm to the USPTO. Time will vary depending upon the individual mse. Any
comments on the-amount of time you require to complete this fomi andlor 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 THlS ADDRESS. BRING To: File information Unit. Room ZEO4. 2900 Crystal Drive. Arlington. Virginia.

Ifyou need assistance in completing the form, call. 1:-800.-PTO-9199 and select option 2.

Tnté1Cc1~p. et at. Exhibit 1007 y
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tmmnnnmmtnmnmmmw  '1
A R US005965034A A

United States Patent [19] _ - 4 [11] Patent; Number: ' 5,965,034

Vinogradov et al. ['45] Date of Patent: Oct. 12, 1999.

 

 

[54] HIGH FREQUENCY PLASMA PROCESS . - 5,241,245 3/1993.
WHEREIN THE PLASMA IS EXECUTED BY 5,346,578 9/1994 Be .
AN INDUCTIVE STRUCTURE IN WHICH $534,231 <7/1996 Savas
THE PHASE AND ANTI-PHASEPORTION OF , .
THE CAPACITIVE CURRENTS BETWEEN ' » ~ A

THE [NDUCTIVE STRUCTURE AND THE ' I OREIGN PAFEN] DOCUM TS
PLASMA ARE BALANCED 0 ms 683 A2 10‘ 4 European Pat. Off. .

07177749 7/199 Japan .

  
 

‘[75] Inventors: Georgy Vinogradov;Sl1lntao
Yoneyama, both of Yamanashi, Japan OTHER PU CATIONS

[73] Assignec‘: MC Electronics Co., Ltd., 'l‘okyo,
Japan i , . Sevick, J., (1991) “Baluns” in: Transmission Line '1‘rarzs-

" formers, 2nd Edition, The American Radio Relay League,
[21] APPL N05 03/7392037 ' - Connccticut,.pp. 9-1 to 9-3. ‘

[22] Filed: Oct. 28, 1996 '

Related U.S. Application mm. P”“”"Y E"“”“"’~”—T“i ‘M8 -
' T Attorney, Agent, or Firm—Ij‘ish & Richardson P.C.

63 Cont' uation o1'npplicut'on No. 08/567,224, Dec. 4, 1995, . - ‘ , , .

. [ 1 abnniiloned. ' . [571 ABSIRACI 1,-
[51] ‘Int. Cl-5 ..................................................... .. H051’! 1/00. A process for fabricating a product including the steps of
[52] U-S--CL ----------------------- -« 215/53; 155/345; 113/723 1; subjecting a substrate to a composition of entities, at least

‘ 118/723 IRS 319111-21 one of the entities emanating from a species generated by a
[58] Field of Search 156/345; 118/723 1, ‘plasma excited by a high frequency field provided by an

118/723 IR; 315/11121; 216/68; 438/729 inductive coupling structure in which the phaseand antig
‘ phase capacitive currents into the plasma are substantially[56] ' References Cited

- balanced.
U.S. PATE DOCUMENTS

918,031 4/1990 Flamme
 
  433/595 20 Claims, 11 Drawing Sheets

Intel Corp. etal. Exhibit 1007
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United States Patent [19]
Flamm 4

[54] PROCESS DEPENDING ON PLASMA
DISCHARGES SUSTAINED BY INDUCTIVE
COUPLIN.G ‘

[76] Inventor: Daniel L. filarnm, 476 Green View Dr.,
Walnut Creek, Calif. 94596

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

[22] Filed: May 30, 1997

ikelated 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%§: gee. 1995: abandoned.
[51] Int.Ct." ................................................... .. H01L 21/00
[52] U.S. Ct. ....................... .;. 437/225-, 437/228; 437/233; ,

156/643; 156/192.25; 204/192.32

[58] Field 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] , 4. References Cited
u.s. PATENT DOCUMENTS

3/1975 Gabriel ..
1/1983 Steinberg et al. .
4/1990. Flamm et al. . .

7/1990 Asmussen et al. ................... .. 15,6/643
8/1993 Johnson.

5,241,245 8/1993 Barnes et al. .
5,304,282 4/1994 Flamm .
5,361,016 11/1994 Ohkawa el al.

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

315/111.41 1

 I  l|||||llllllllIlllllll|||l||||||||ll|l||lll|t....l||l|I|lllllllllIllllllll
Us006017221A _

[11] Patent Number: 6,017,221
[45] Date of Patent: ‘Jan. 25, 2000

5,431,968 7/1995 Miller et al. .
5,534,231 7/1996 Savas.
5,637,961 6/1997 Ishii et al. .

_ OTHER PUBLICATIONS

Asmussen et al., “The Design of a Microwave Plasma
Cavity," Proc. 0f1EEE, 62(1):109——117 (Jan. 1974).
Eckcrt, “The Hundred Year History of Induction Dis-
charges,” 2""Anr1. Int’! Con)‘. Plasma Chem. Tech., (1984).
Fossheirn el 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). '
Roppel ct a1.,“‘Low temperature oxidation of silicon using a

0 microwave plasma disk source,” J. Vac. sci. Techno],
B4(1):295-298 (Jan./Feb. 1986).
’Zverev et al., “Realization ofia Filter \-avith Helical Compo-
nents,” IRE Trans. on ComponcrttParts, pp. 99-110, (Sep.
196_1).

Primary Examiner—Laurie Schcincri
Attorney, Agent, or Firm—Townscnd and Townsend and
Crew‘ LLP ‘

[57] ABSTRACT

A process for fabricating a product 28, 119. The process
comprises the steps of subjecting a substrate to a composi-

' tion of entities, at least one of the entities emanating from a
species generated by a gaseous, discharge excited by a high
frequency field in which the vector sum of phase and
anti-phase capacitive coupled voltages from the inductive
coupling structure substantially balances.

7 Claims, 13 Drawing Sheets

Intel corp. et at. , Exhibit 1007



    

     

    
   

        
   

   

  

   

         
        

    

     
     

  
     

    
    

   

  

  

  
  

    

  

   

   
 
   

 

        
      

       
          
       
      

         
     

         
       

  
         
       

  
      

 

         
         

           
         

         
       

    

    

  

Intel Corp. et al.    Exhibit 1007

tlllllllllllll||lll|||Il|ll‘tttIll1llllllllllllllllllllllllllll|||||l||l|l  

 

- - , US0(l6017221A

United States Patent [19]_ ‘[11] Patent Number: 6,017,221

Flamm [45;t« Date-of Patent: Jan. 25, 2000

[54] PROCESS DEPENDING ON PLASMA 5,431,968 ' 7/1995 Miller et at.-

[76]

1 [211
[22]

[63]

[51]
[52]

[58]

[55]

DISCHARGES SUS_TA[NED BY INDUCTIVE
COUPLING '

Inventor: Dtmiel L. Flamm, 476 Green View Dr,
' Walnut Creek, Calif. 94596

App]. No.: 08/866,040

Filed: ‘ May 30, 1997

Related U.S. Application Data

Continuation-in-part of application No. 03/73o,31s',‘oct. '23," ’
1996, abandoned, which is a continuation of application No.
08/567,224, Dec. 4, 1995, abandoned. ~ '

tnifctfi 1-101L21/00
U.S. Cl. ........................ .. 437/225; 437/228; 437/233;

156/643; 156/192.25; 204/192.32

Field of Search .......................... .. 118/50.1; 156/643,
156/345, 646,, 659.1; 21-9/121.41, 121.44;

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

, 437/225, 223, 233

References Cited

U.S. PATENT DOCUMENTS

1 3,873,884 3/1975 Gabriel.
4,368,092 1/1983 Steinberg et at. .
4,918,031 4/1990 Flamm et al. . »
4,943,345 7/1990 Asmusscn ct al. 156/643
5,234,529 . 8/1993 Johnson .
5,241,245 '8/1993 Barnes et al. .
5,304,282 4/1994 Flamm .
5,361,016 11/1994 Ohkawa etal. 315/111.411 .

5,534,231 7/1996 Snvns.
5,637,961 6/1997 lsltii et al. .

OTHER l’UHl_,lC/-\'l‘l()l\‘Ji‘§

Asmusscn et al., “The Design of a Microwave Plasma
Cavity,” P/-oc. of1EEE, _62(1):109—117 (Jan. 1974).
Eckcrt, “The Hundred Year History of lnduction Dis-
charges," 2”"/inn. Int’! Con)‘. Plasma C/tem. Te_ch., (1984).
Fossheim et .11., “Broadband tguning of helical resonant
cavitites,” J.’P/zys. E. Sci. lrtstru/21., 11892-893 (1978).
Niazi et al. “Operation of a helical resonator plasma source,"
Plasma Sources Sci. Tcc/mol., 32482-495 (1994). . .
Roppel et all, “Low temperature oxidation of silicon using a
microwave plasma disk source," J. Vac. sci. TeclmoI.,
B4(1):295—298 (Jan./Feb. 1986). ,
Zverev el ul., “Realization 017:1 Filter with Helical Compo-
nents," IRE Tram’. on Cr)/nportcrzt I-’nrt.\‘, pp. 99-110, (Sep.
1961). V

Primary Examiner—Lauric Schcincri ‘ .
Attorney, Agent, or Firm—-Townsend and Townsend and
Crew LLP

[57] A ABSTRACT

A process for fabricating a product 28, 119. The process
comprises the steps of subjecting a substrate to a composi-
tion of entities, at least one of the entities emanating from a
species generated by a gaseous discharge excited by a high
frequency field in which the vector sum of phase and
anti-phase capacitive coupled voltages from the inductive
coupling structure substantially balances. V

7 Claims, 13 Drawing Sheets

/
1

Intel Corp. et at Exhibit 1007



 
      

        
                        

          

     
    

   
     

  

  

               
                  

                 

         

              

      

          
         

                
                        

             
                   

                       
               

                
                  

     
                    

                 
              

                  
      

                 
             

          

  

               

Intel Corp. et al.    Exhibit 1007

 
  

- PTO/SB/68 (02-10)
- Approved for use through 07/31/2012. OMB 0651-0031

_ U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCEUnder the Paerwork Reduction Act of 1995, no ersons are reuired to res ond to a collection of information unless it dis Ia s a valid OMB control number.

REQUEST_F_OR ACCESS TO AN ABANDONED APPLICATION UNDER 37 CFR1.14
_ ' - In re Application of

Bring completed form to:
File Information Unit, Suite 3A2O
2800 South Randolph Street
Arlington, VA 22206n::n\»:.mvI'~'=v

 Telephone; (7o3E756fiL
‘i . V A Paper No. [ g A

Ihereby requestl access under 37 CFR 1.14(a)(1)(iv) to the application file record of the above-identified ABANDONED
application, whi' hhaéisz not within the file jacket of a pending Continued Prosecution Application (CPA) (37 CFR 1.53(d)) and
which is identifi d'in,""o’ which "a benefit is claimed, in the fol|ovving‘document.(as shown in the attachment): ii‘-.-pix-t:m'r:t..:.' ‘L:

United States Patent Application Publication No. V V , page, line '
. c .

United States Patent Number < '7 , column
WIPO Pub. No. i , page - - , line ‘

Relatedvlnformation 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 inspectvcannot order applications maintained in the lFWsystem through
the FIU. If the member of the public is entitled to a copy of the application file; then thefile is made available through the
Public Patent Application lnforrnation Retrieval_system (Public PAIR) on the USPTO internetweb 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 appropriatefee. Such copies must be

purchased through the Office of Public Records upon payment of the appropriate fee (37 CFR 1.19(b))'.

A For published applications that are still pending, a member of thepublic may obtain a copy of. ‘ .
the file contents; the pending application as originally filed; or any document in the file of the pending application.

For unpublished’ applications that are still pending: , _
(1) If the benefit of the pending application is claimed under 35 U.S.C. 119(e), 120, 121, or 365 in another, application

that has: (a) issued as a,U.S. patent, or (b) published as a statutory invention registration, a U.S. patent _
application publication, or an international patent application publication in accordance with PCT Article 21(2), a
member of the public may obtain a copy of: the file contents; the pending applicationasoriginally filed; or any
document in thefile of the pending application. ‘ . M
if the application is inco orated b reference or otherwise identified in a US patent, a statutory invention _
registration, a U.S. patent application publication, or an international patent application publication in accordance

. a member of the public may obtain a-copy of the pending application as originally filed.

Registration Number, if applicableI

- Telephone Number

This collection of information is required by 37 CFR 1.11 and 1.14. The information is required to obtain or retain a benefit by the public which is" to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 USC. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time
you require to complete this 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, PO. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. BRING TO:. File
Information Unit,‘ Suite 3A20, 2800 South Randolph Street, Arlington, \firginia. -. ' ‘

/f_ you need "assistance in completing the form, call 1-800-PTO-9799 and select option 2.

,_ Intel t3o1'p. et al. 4_ Exhibit 1007 ~



          
     

     

    
   

        
   

   

    

     

          
        

    

  
     

    
     

  

  

  

  
  

    

  
 

   

 

   
 
   

        
     

       
         
       
       

         
     

       
       

  
         

       

   
       

 

          
         

           
        

         
       

   

     

 
 

Intel Corp. et al.    Exhibit 1007

I 1l||||1|||||l| |||i||l|||i|||| |||||llIIi7‘IIl|”ll|l ||I|| l||||7|||||| |||||||| ||||
 

’ ‘ . V USO06017221.A

United States Patent [19] [11] Patent Number: 6,017,221»

y Flamm - [45] 1 Date ol“Patent: Jan. 25, 2000 f

[54] PROCESS DEPENDING ON PLASMA 5,431,968. 721995 Miner et at.
DISCHARGES SUSTAINED BY INDUCTIVE . 5534.231 7/1996 Savas.

C0UpL[NC 5,637.96l 6/1997 lshiictal..

[76] lnventor: Daniel L. Flamm, 476 Green-View D_r., Oymtu PUBLKAHONS
Walnut>C.‘ree-k, Calif. 94596 4 Asmussen et 51].,‘ “The Design of :1 Microwave Plasma

' Cavity," Proc. oj'1EEE, 62(1):109—117 (Jan. 1974).

‘[21] Appr No’; 03/365,040 ' E-ckert, “The Hundred Year History of Induction Dis-
‘ . cliargcs," ?,’”’Amz. Int"! Cmif Plmmrr Clrem. Tech,., (1984),

132] Fllcdi M3)’ 30: 1997 ' -Fosshuim et al., “Bi'ozu.lbztriLl tguning of helical resonant 

 
._\

 

 

 

cavitites," J. Phys‘. E. Sci. IrLs‘Irum., 112892-893 (1978).

Illlliazi et al. "Operation ofha helical rsesonator plasma source,". . . I 7 3: 2-4 94 .
,ontinuation-in-part of ap ' atiou No. 08/736,315, Oct. 23, Rfmg ésrzfircffilssll “Eric e’::[u're :xida"li:i Eéiilizon US]-n ‘ a
‘99’6_.abal‘lL10l‘lC(§‘_.WhlC _sz'1c'ontinuatiunofupplicution N04 mifrfiwwe glasma disri: Sourcw, J‘ Vac. "NCL Techngh

" 7 B4(1):29S—298 (Jzini/"Feb. was‘).

.Zvc[cv c[ a]_, ‘_'Rc‘alj”/‘;|ti0n of 3 Fi||cf with Helical Cgmpg.
- ------------------- 437/2254 437/325} 437/233; lncnls,” IRE. Tram: an Component Paris, pp. 99—1]0, (Sup.

156/643; 156/192.25; 204/192.32 ».g(,1-)_ - -
[58] Field of Sezirch 113/50.1; 156/643, I , . _ ,

156/345’ 646, 659;]; 219/-1214]’ 12144; Prr.m.r1ry Exrl/Ir./.rrer—La1rm‘: Scllciucr .
2'04/19117 19213, 192.25}; 427/12; 216/13; ‘Arrame_'y, Agent, or Fir/n—Townsend and Townsend and

437/225, 228, 233 Crew LU’ ’ '

F0(Dc. C (I) >U E8'5 33 P:191

 [6

 

  
  

‘O \D ‘J A. :7 P- :5 O. O = (‘D Q

[51
[52] U. .

|S6] References Cited . [57] . ABSTRACT
. _ _ —. A process for fabricating a product 28, 119. The process

U"S’ PM ENT DOCUMENIS comprises the steps of subjecting a substrate 10 :1 composi-
3,873_.884 3/1975 Gubricl . ' . - [ion of entities, at least one of the entities emanating from a
v1,‘368,09'2 1/1983 Slcinberg 6| 01- - I ‘ species generated by a gaseous discharge excited by El high
41913031 4/1990 Flamm 9‘ 31- - 1 frequency Field in which the vector sum of phase and
4,943,345 7/I990 Asmnxsen cl al, ................... .. 156/643 '_ . zmii-pliasz: capacitive L,'tIllI}llCl‘l voltages frmii‘ tlic inrluclive

gmnso" 1 coupling, structure subsluiitially lmlziiiccs. .3. . . . HIHCS C (I . . 1
5,‘304,28'2 4/1994 Flamm .
5,351,016 ll/I994 Ohkawaj.-1 al. ................. .. 3:5/112.41 7 Clalms, 13 Drawing Sheéis

Inté1Co1'p;eta1. Exhibit 1007



   

    
   

    

 

     

   

              

    
      

   
 

   

  

  

    

   

   

 
   

  

     

     

 
 

 

 

     

                 
              
               

            

 

 

  

 

 

 

 

 

 

 

       

        
 

 
 

 

 

 
 

 

 

 

 

 

 

Intel Corp. et al.    Exhibit 1007

FOR ' I NUMBER FILED - , NUMBER EXTRA I - '

 
 

Application or Docket Number  PATENT APPLICATION FEE DETERMINATION RECORD
Effective October 1995  
 
 CLAIMS AS FILED - PART I

(Column 1) ‘ (Column 2)‘
oTHER THAN

SMALL ENTITY
 

  
 

 

  
BASIC FEE a

' ‘ ,,_ _;_M_, . .. ,.~«. - -.>l.....-T. 2- . ' I

 /0
_ mlnus 3 = .

  

  
 

 

MULTIPLE DEPENDENT CLAIM PRESENT 
 

 
‘ * If the difference in column 1 is less than zero, enter ‘'0'’ in column 2

 

 
 

CLAIMS AS AMENDED - PARTII A _ ‘ _ . OTHER THAN
(Column 1.) I (Column 2) (Column 3) SMALL ENTITY OR A SMALL ENTITY
CLAIMS HIGHEST

 
 

 

 
 

 
 

  

    
 

  
<1 REMAINING NUMBER ,

IE PREVIOUSLY RATE

E A ; PAID FOR I
la11
Z . .

<

  
FIRST PRESENTATIONOF MULTIPLE DEPENDENT CLAIM; +250:

TOTAL

ADDIT. F_EE_ .

 

 

  
 

 (Column 1) (Column 2) ' (Column 3) '

CLAIMS ‘- I HIGHEST ' -
REMAINING " = NUMBER PRESENT

PREVIOUSLY

PAID FOR

 

   

  AMENDMENTB D_=fl i‘

 OR '+25o=

 . TOTAL

OF‘ ADDIT. FEE .  

 
(Column 1) ' (Column 2) (Column 3) ADDIT‘ FEE

(CW8 . HIGHET ._
REMAINING NUMBER‘ PRESENT _

PREVIOUSLY EXTRA I
I PAID FOR ‘

' FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM

  
 

 

 

  
 
 

  

   ‘ OR I x$22=

ORAMENDMENTC 91fl

  OR T +250:  

 
 

X.

.\I
G)

'II

" II the entry in column 1 is less than the entry in column 2, write "0" in column 3. '
“II the "Highest Number Previously Paid For" IN THIS SPACE is less than 20. enIer""20." OR

***II the "Highest Number Previously Paid For" IN THIS SPACE is less than 3 enter . ADD” FEE ADD” FEE
The "Highest Number Previously Paid For" (Total or Independent) isthe highest number found in the appropriate box in column 1.  

  

_ (Rev. 10/95)

Intel Corp. et :11. Exhibit 1007

FORM PTO-875 Patent and Trademark Office, U.S. DEPARTMENT OF COMMERCE I



    

  

    

Intel Corp. et al.    Exhibit 1007

Fm._umu>mmz._.omnozzsm. m.um+,Imzafimam3m:.aO.m

Enm3?mz§<noomzmmmmmq .

. ..._...m__.;_mu>.._.m.... .%%mmocu._ . .>_u_u_._o>._u_ozzcgmmm..>u:_sozd+... >_fl.cz:..um>§zm.335.»Q  %%  I!M_2omvmzumz._.>_u_... .‘worm.. . ..o_.>=<_m_._._._.<..u_u=_._ZD.mmmcom.>.3.omzm<uooxmazcgmmm
\‘

EEmafiaE:§g_mmn.@§§mm§OOZ.._._2C_._.<UF._.D... A.251.52982...m._.>«cm.m>.mmz...>_o_..._._o>.:oz_...m>mmz.+Ffimza..am..ooumooum.mmm_>_.zcgwmm.. .uo._.>2._._o>:ozmmw_>_.zcgwmmzcgmmm.2.021..U><E5__.uWodmomm_mz%>v,E._o>:o293>momm_.. . .... .._um. oocz..%. ..3:20.o.Emu_uo.:_nom.m_mz>.uw_._o>a_ozmmm_>_.zczwmw.gozi.E2.<m>.m
nCm.mwou_$m:8_....m¢ .

i . .::»»1l+[.


