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Washington, D. C. 20231 

Sir: 
Transmitted herewith for filing is the 

[X] patent application of 

'.. - .. 08/ 567214 
Atty. Docket No . ...,166""'""'55.._-0003=""00=------­

~Itxpress Mail" Label No. EM232444814US 
1° 1 I . . 
Date of Deposit December 4. 1995 

, 1 I 

' 

I hereby certify that this is being deposited with the 
United StateS Postal Service "Express Mail Post Office 
to Addressee" service under 37 CFR 1.10 on the date 
il)di and is sed to 
of Pa 

( J design patent application of By~',:e_~~~~-~=tL.~=-:....:....:::..::....::...=....:::__ 
[ J continuation-,in-part pa':/:J;!lication of 

lnventor(s): Daniel L( ~rgy Vinogradov, Shimao Yoneyama 

For: PROCESS DEPENDING ON P4\SMA DISCHARGES SUSTAINED BY INDUCTIVE COUPLING 

( ) This application claims priority from each of the following Ap~lica~on Nos.lfiling dates: 
______ / ; I ;----~'------

Enclosed are: i 
[X] Patent Application (including 36 pages specification, 3 pages claims, 1 page abstraet) . 
[X] 13 sheet(s) of [ J fon_nal [X] infonnal drawing(s). 
[] An assignment of the invention tO ----------~-----,--------­
[ ] A [ ) signed ( ) unsigned Declaration & Power of Attorney. 
[ J A [ J signed [ J unsigned Declaration. 
[] A Power of Attorney. 

1 
• 

[ ) A verified statement tO establish small entity status under 37 CFR 1.9 and 37 CFR l.27 [ ] is enclosed [ ] was filed 
in the earliest of the above-identified patent application(s). 

[ J A .certified copy of a application. 
[ ] Information Disclosure Statement under 37 CFR 1.97. 
[X] Postcard. 

Telephone: 
(415) 326-2400 
no\wodM66SS\)..app.cro 

i 
In view of the Unsigned Declaration as filed with thls!appllcation and pursuant to 37 CFR §1.53(<1); 
Applicant requests 'deferral of the flling fee until sub.:Uisslon of the Missing Parts of Application. 

I 

DO lli!I CHARGE TIIE FILING FEE AT THIS TIME. 

,j , I 

I' 

' I 
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08/567224 . 

Any. Docket No. ~166=5S.._--000==3=00..__ _____ _ 

Sir: 
. Tranmtitted herewith for filing is the 

[X] patent application of 
[ ] design patent application of 
[ ] continuation-in-part patent application of 

. "f press Mail" Label No. EM232444814US 

Date J, Deposit December 4. 1995 
I 

Inventor(s): Daniel L. Flamm, Geor~ Vinogradov, Shimao Yoneyama 

For: PROCESS DEPENDING ON PLASMA DISCHARGES SUSTAINED· BY INDUCTIVE COUPLING 

I 

[ ] This application cla.irns priority from each of the following Application Nos./ftling dates: 
_____ ./ I • 

Enclosed are: 
[X] Patent Application (including 36 pages specification, 3 pages claims, 1 page abstraet). 
(X] 13 sheet(s) of [ ] formal [X] informal drawing(s). 

[ J An assignment of the invention to-----------------------­
[ ] A [ ] signed [ J unsigned Declaration & Power of Attorney. 
[ ] A [ ] signed [ ] unsigned Declaration. 
[ ] A Power of Attorney. 
[ l A verified statement to establish small entity status under 37 CFR 1.9 and 37 CFR 1.27 [] is enclosed [] was filed 

in the earliest of the above-identified patent application(s). 
[ J A certified copy of a application. 
[ l Information Disclosure Statement under 37 CFR 1.97. 
[X] Postcard. 

Telephone; 
(415) 326-2400 

In view of the Unsigned Declaration as flied with this;appllcatlon and pursuant to 37 CFR §l.S3(d), 
Applicant requests deferral of the filing fee untll subin~lon or the Missing Parts of Application. 

DO ~ CHARGE THE FILING FEE AT nns TIME. 

- ------
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TOWN~~~~d CREW 
Ste.•!lllt Str T~r ~ f 
Goe Market ~ 'm~!\i 
San Francisco.~~ ' Wfb:f ,· 
(415) 326-2400 'D?Aor.~ 

PATENT APPLICATION .. I 
COMMISSIONER OF PATENT AND TRADEMARKS 
Washington, D. C. 20231 · 

. Sir: 
Transmitted herewith for filing is the 

[X} patent application of 
[ J design patent application of 
[ ] continuation-in-part patent application of 

I 

08/567224 

Atty. Docket No . ...,166=55'---000=3,.,.,00""------­

"Express Mail" Label No. EM232444814US 

ol1e J, Deposit December 4, 1995 
. t 

I hereby certify that this is being deposited with the 
United States Postal Service "Express Mail Post Office 
to Addressee" service under 37 CFR 1.10 on the date 
indica and isU!!ldre;sed 
of Pa W11uliu,Jf'i 

Inventor(s): Dani.el L. Flamm, Geora1 Vioogradov, Shimao Yo.neyama 
. ' 

For: PROCESS DEPENDING ON PLASMA DISCHARGES SUSTAINED BY INDUCTIVE COUPLING 

[ ] This application claims priority from each of the following Application Nos./filing dates: 

-----·' '----- -----·------
Enclosed are: , 
[X} Patent Application (including 36 pages specification, 3 pages claims, 1 page abstract). 
[X) 13 sheet(s) of [] fonrlal [X) infonnal drawing(s). 
[ J An assignment of the invention.to-----------------------­
[ J A [ ] signed [ J unsigned Declaration & Power of Attorney. 
[ J A [ ] signed [ ] unsigned Declaration. 
[ ] A Power of Attorney. 
[ ] A verified statement to establish small entity status under 37 CFR 1.9 and 37 CFR 1.27 [] is enclosed [] was filed 

in the earliest of the above-identified patent application(s). 
[ ] A certified copy of a application. 
[ J Information Disclosure Statement under 37 CFR 1.97. 
[X) Postcard. 

Telephone: 
(415) 326-2400 

In view of the Unsljtned Declaration as filed with thls ;appllcatfon and punuant to 37 CFR §1.53(d), 
Applicant requests deferral of the flllng fee until submission of the Missing Parts of Application. 

DO NOT CHARGE THE FILING FEE AT TinS TIME. 
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P;ATENT APPLICATION 
'I , 

PROCESS DEPENDING ON PLASMA DISCHARGES 
SUSTAINED BY INDUCTI;v'E COUPLING 

Inventors: 

Assignee: 

Entity Status: 

I ' 

Dapiel L. Flamm, a citizen of the !united States, residing at 476 
Green View Drive, Walnut Creek, California 94596; 

Georgy Vinogradov, a citizen of Russia, residing at Dragons 
Mansion Apt. 306, 5860-5 R'yuchi, Futaba-cho, Kitakomagun, 
Yamanashi, 4QO-Ol Japan; and 

Shimao Yoneyama, a citizen Qf Japan, residing at 5875-4 Ryuchi, 
Futaba-cho, iKitakomagun,' Yamanashi, 400-01 Japan. 

I I ~ 

M~ Electronics Co., 1=,~. ,. i.; 
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l' 
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(415) 326-2400 
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PROCESS DEPENDING ON PLASMA DISCHARGES SUSTAINED 
BY INDUCTIVE COUPLING 

BACKGROUND OF .THE INVENTION 

This invention relates generally to plasma processing. More 

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

dischru:ge . . This in~ention is illustrated in an example with regard to plasma 

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

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

devices. But it will be recogniud that the invention has a wider range of 
I 

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

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

silicon dioxide, silicon nitriqe, polysilicon, among others. 

Plasma processing techniques can occur in a variety of 

semiconductor 11$1Ufacturl'ng processes. Examples of plasma processing 

techniques occur in chemical dry etching (CI>E), ion-assisted etching (IAE), and 

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

deposition (RPCVD) and ion-assisted plasma enhanced chemical vapor· deposition 

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

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

forming a plasma. 

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

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

devices. For instance, chemical dry 'etching gen~rally depends on gas-surface 

reactions involving these neutral species wi~out '.substantial ion bombardment. 
• j ; 1 

In other manufacturing processes, ion bombardment to substrate 

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

harmful effects on properti~s of material layers in devices and excessive ion 

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

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

material fonned in the processing environment into substrate material layers, 
. ; 

harmful changes in substrate morphology (e.g. amophotization), etc. 
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. ' 
Ion assisted etching processes, however, rely upon ion bombardment 

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

processes commonly have jl lower selectivity relative to conventional CDE 

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

bombardment to substrates are to be avoided. 

One.commonly used chemical dry etching technique is conventional 

photoresist stripping, often termed ashing or stripping. Conventional resist 

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

material layer, typi~lly for removal. This ';reaction generally forms volatile 

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

species is formed by a plasma discharge. 'Fhis plasma discharge can be sustained 

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

conventional phot0resist stripper. An example of th·e conventional photoresist 

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

Patent No. 4,368,~ in-~e name of 
0

Steinoei'g ~ fil. 

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

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

processed to maintain the desired etching se1ectivity. In practice, however, it is 

often difficult to achieve using conventional techniques. These conventional 

techniques gene~ly attempt to contr~I ion flux by suppressing the amount of 

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

techniques for suppressing these charged species have been proposed. ,· 
These techniques often rely upon shields, baffles, large separation 

I 

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

the plasma source and the process chamber} The conventional techniques 
• • I 

generally attempt to directly suppress charg~ density downstream of the plasma 

source by interfering with convective and d1ffusive transport of charged species. 

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

surface area (e.g.', baffles,!etc.) relative to ~olu~e. or increasing flow time, which 

relates to increasi~g the distance between the plakma source and the process 
I I 1· 

chamber. 
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These baffles, however, cau~ loss of desirable neutral etchant 

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

Baffles, : shields, or the large separation dis~ces: also cause undesirable' 

recombinative loss of active species and sometimes cause radio frequency power 
, ' , I 

.loss and' other prdbleuis. These baffles andl shields also are a potential source of 

particulate contamination, which is often damaging to integrated circuits. 

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

are often insufficient to subs~tially prevent, unwanted parasitic plasma currents. 

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

between the plasma source.jand walls of the chamber. It is commonly known that 

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

species are accelerated and dissociative colllsions with neutral particles can 

multiply the concentration ~f charge tb higlier levels. If sufficient "seed" levels of 

charge and rf pot~ntials are present: the parasitic plasma in the vicinity of the 
' 

process wafer can reach ha:nnful charge density levels. In some cases, these 

charge densities ~ ay be .siAillar to or even grea~r than plasma density within the 

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

Charge densities also create :a voltage difference between the plasma 

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

deleterious effect. This voltage difference enhances electric fields that can 

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

often induces increased levels of charge to ~e irregularly transported from the 

plasma source to process substrates, thereb} causing non-uniform ion assisted 
' • • • • I 

etching. 

cohventional ion assisi1d pl~ma etching, however, often requires 

control and main<enance of ion flux intensity and uniformity within selected 

process limits and within ~lected process e~ergy ranges. Control and maintenance 

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

techniques. For instance, capacitive coupling between high voltage selections 

of the coil and the plasrtla discharge often cause high and uncontrollable plasma 

potentia;s relative to ground. It is generalli understood that voltage difference 
l ! 
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I 

between the plasma ~d gri>und can cause damaging high energy ion bombardment 

of articles being processed 1by the plasma, as 'illustrated by U.S. Patent No. 
I 

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

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

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

from' plasma in oonventional inductive sources is spread over a relatively wide . . . 
range of energies, which undesirably tends to introduce uncontrolled variations in 

the processing of articles by the plasma. 

Th~ voltage difference. between the region just outside of a plasma 

source and the processing chamber can be modified by introducing internal 

conductive shield~ or electrode elements into the iprocessing apparatus downstream 

of the 59urce. When the plasma potential is elevated with respect to these shield 
• . l 

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

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

often a source of contami~tion and the likelihood for contamination is even . ,. 
greater when there is capacitive discharge (ion bombardment from capacitive 

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

to the manufacture of integrated circuit devi&:s. 

Another limitation is that the'shield or electrode elements generally 

require small holes therein· as structural elements. These small holes are designed 

to allow gas to fl6w therethrough. The sm~I ho~es, however, tend to introduce 

unwanted pressurb 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 ti!Des, produce an even more 

undesirable hollow cathode effect. 

In conventional helical reso\iator designs, conductive external 

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

the vacuum vessel containing the plasma. A 'variety limitations with these external 

capacitive shielde<i plasma <lesigns (e.g., heii~l resonator, inductive discharge, 
, I , • 

etc.) have been observed. ·1n particular, the i:apacitively shielded design often 
i I f 
1 
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produces plasmas that are difficult to tune l\1}d even ignite. Alternatively, the use 
' of unshielded plasma SQUrces (e.g., ·conventional quarter-wave resonator, 

conventional half-wave re~nator, etc.) atta(n:a substantial plasma potential from · 

capacitive coupliri,& to the <:<>ii, and hence are, prone to' create uncontrolled parasitic 

plasma currents tb grounded surfaces.: Accordingly, the use of either the shielded 

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

• I ' 
produce undesirable results. 

In many conventional plasma sources a means of cooling i's required 

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

temperature limit. Power dissipation in the ~tructure .causes heating and thereby 

increases the difficulty and expense of implementing effective cooling means. 

Inductive currents may also be coupled fro~ 1the excitation coil into internal or 

capacitive shields and these currents are an additio~ source of undesirable power 
I 

loss and heating. Conventional capacitive \hielding in helical resonator discharges 

utilized a Shield which was substantially split.along the long axis of the resonator 
• I 

to lessen eddy cutrent loss.: Howev~r. such a shield substantially perturbs the 
' I resonator charactyristics owing to unwante<l capacitive coupling and current which 

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

are properties cutrently known for resonators which are "loaded" with a shield 

along the axis, sources using this design md~i be sized and made to work by trial 

and errdr. · 

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

substantially conttol the pl~ma potbntial re1~tive to ground potential, independent 

of input power, pressure, gas composition arid other variables. In many cases, it 

is desired to have the plasma potential be substarltially. at ground potential (at least 

offset from grou~d potential by an ainount insigtlificantly different from the 

floating potential ior intrinsic DC plasma·~~nti~). For example, when a plasma 

source is utilized '.to generite neutral species to be transported downstream of the 

source for use in 
1
ashing resist on a semiconductor device substrate (a wafer or flat 

panel electronic ~isplay), the concentration .and potential of charged plasma species 
. I 

in the reaction zone are desirably reduced to avoid charging damage from electron 
! ' 
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. i. 
or ioni.c current from the plasma to .the dev\ce. Wheni there is a substantial 

potentiaf differen<!e between plasma in the sour~ and grounded surface~ beyond 
I 

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

outside of the source region. 

Another undesirable effect of potential difference is the acceleration 

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

surfaces. High energy ion bombardment may cause lattice 'damage to the device 

substrate being processed and may cause th~ chamber wall or other chamber 
I ' 

materials to sputter and contaminate devi~ wafers. ~n other plasma processing 

procedures, however, some ion bombardme.nt may be necessary or desirable, ~sis 

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

discussion of ion-~nhanced plasma etching mechlioisms ~ Flamm (Ch. 2,pp.94-

183 in Plasma Eti:hing, An Introduction, D! M. Manos and D.L. Flamm, eds., 

Academ1c Press, 1989)). Consequently, uncontrolled potential differences, suc;h as 

that caused by "stray" capacitive coupling frbm the coil of an inductive plasma 

source to the plasma, are undesirable. 

Referring to the above limitations, conventional plasma sources also 

have disadvantages when used in conventional plasma enhanced CVD techniques. 

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

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

rearranging and stabilizing' the film, provided the bombardment from the plasma is 

not sufficiently et\ergetic to damage the underlying substrate or the growing film. 
' I 

Conventional resdnators ~d other types of indud,tive discharges often produce 

parasitic plasma ~urrents from capacitive coupli~g, which of~en detrimentally 

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

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

disadvai!tages in other plasma processing tec'hniques such as ion-assisted etching, 

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

application. 
j I 1· 

To clarify certain concepts uscl! iii this application, it will be 

convenient to introduce th~se definiti4ns. 

. i t I 

"I 
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' 
Ground (or ground potential); 'These terms are defined as a 
reference potential which is g~nerally taken as the potential of a 
highly conductive shield or other highly conductive surface which 
surrounds tlie plasma source.' · 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 $e shield are of negligible magnitude 
compared to potentials 1ntenti.onally applied to the various structures 
and ·elements of the plasma source or substrate support assembly. 
Ho~ever, some realizations of plasma sources do not incorporate a 
shield or surface with adequate electrical susceptance to meet this 
definipon. 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 rero high frequency impedance. In designs 
where there is no physical surface which is adequately configured or 
which does not have.insufficient susceptance to act as a "ground" 
according to the above -definition, ground potential is the potential of 
a fictitious surface which is equi-potential with th~ shield or 
"ground" conductor of an unbalanced transmission line connection to 
the plasma source at its RF fbed point. In designs where the plasma 
source is connected to .an RFj generator with a balanced transmission 
line RF feed, "ground"1 poteqti~l is the average of the driven feed 
line potentials at the point w~ere the feed lines are coupled to the 
pla~ma source. . I 

; ' 
I ' 

Inductively Coupled Power: ,This term is defined as power 
transferred ~o the plasma substantially by means of a time-varying 
magnetic flux which is induced within the volume containing the 
plasma source. A time-varying magnetic flux induces an 
electromotive force in accord' with Maxwell 's equations. This 
electromotive force induces motion by electrons and other charged 
particles in the plasma and thereby imparts energy to these particles. 

iii 
RF inductive power *'urce and bias power supply: In most 
conventional inductiv~·plasma ~urce reacto,rs, power is supplied to 
an inductive coupling element· (th~ inductive coupling element is 
often a multi-tum coil which :abu~ a dielectric wall containing a gas 
wh~re the plasma is ig~ited aF low: pressure) by an rf power 
ge[)erator. , 

1 
, 1 1 , ; 

Conventional Helical' Resonator: Conventional helical resonator can 
be 'defined as plasma 'applicators. ·These plasma applicators have 
been desig~ and operated in mu~tiple configuration.s, which were 
despribed in1 for example, U.S. Patent No. 4,918,031 in the names 

I . 

I: .' 
I! 
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I I,• I i 
of flamm ~ill.,, U.S. Patent: No. 4,368~092 in the name of 
Steinberg ~:fil., U.S. Patent No. 5,304,282 in the name of Flamm, 
U.~. Patent No. 5,234,529 ii] the name of Johnson, U.S. Patent No. 
5,4,31,968 in the name of Miller, and others. In these 
corlfiguratiOJ?.S, orie end of the helib.I resonator applicator coil has 
~n grounqed to its outer shield. i In one conventional 
configuration, a quarter wavelength helical resonator section is 
employed with one end of the,~plicator coil grounded and the other 
end floating (i.e., open circuited). A trimmi11g capacitance is 
sometimes connected between the grounded outer shield and the coil 
to "fiqe tune" the quarter wave structure to a desired resonant 
frequency that is below the native resonant frequency without added 
capacitru}Ce., In another.,conv.e11tional configuration, a half­
wavelength helical resonator section was employed in which both 
ends of the coil were' ground~. The function of grounding the one 
or both ends' of the coil was· believed to be not essential, but 
ad'!antageous 'to "stabilize the 'plasjlia operating characteristics" and 
"repuce the possibility, pf coupling stray current ~ nearby objects." 
~ U.S. Patent No. '4,918,031. 

i I I; ; 
Cojwentional resonators have: also;been constructed in other 
geometrical 'configurations. For i1,1stance, the design of helical 
resonators with a shield of sqlljll"e 'cross section is described in 
Zverev ~ ru.1, IRE TransactiQns OJ) Component Parts, pp. 99-110, 
Sept. 1961. Johnson (U.S. Patent No. 5,234,529) teaches that one 
end of the cylindrical spiral coil in a conventional helical resonator 
may be deformed into a plal]M spiral above the top surface of the 
plasma reactor tube. U.S. P~tent No. 5,241,245 in the names of 
Barnes ~ ru,. teach th~ use of: conventional helical resonators in 
which the spiral cylil1(i,;ical. Cf)iJ is,entirely deformed into a planar 
spiral arrangement with no helical ' coil component along the 
sidewalls of the plasma sourch : (this geometry has often been 
referred to as a "transformer coupled plasma," termed a TCP). \ 

From the abbve it is seen that' :m improved technique, including a 
1 . ' 

method and apparatus, for plasma p'rocessin'.g is 9ften desired. 
I 

SUMMARY OF THE INVENTION 

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

apparatus, for fabricating a product using a.plas'!13- discharge. The present 

technique relies upon the control of the insqmtaneous plasma AC potential to 
' ·, 

selectively control a variety of. plasma ch~~ristics. These characteristics 
l i-, 

I' 
I·, 

I ' 

• I 

i I 
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I 

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

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

distribution of electricai cu~rent, and others.:; This technique can be used in 

applications including cheniical dry etching ;(e.g.; stripping, etc.), ion-enhanced 

etching, plasma immer~ion ion implax\tatio~
11
chepical vapor deposition and 

material growth, and others. 

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

provided. These ,Products include a varieti~s·of devices (e.g., semiconductor, flat 

panel displays, m/cro-machined structures, ~tc.) and materials, e.g., diamonds, raw 

materials, plastics, etc. The process i?cludys steps of subjecting a substrate to a 

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

generated by a ga:seous "discharge excited bf ,a high frequency field in which the 

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

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

provides for a technique that is substantiall~ ,free· from stray or parasitic capacitive 
I l ~ I 

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

or near ground potential. 

In another aspect of the inverttion; another process for fabricating a 

product is provided. The process inciudes lteps iof subjecting a substrate to a 

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

generated by a gliseous di~harge excited by a hi~h frequency field in which the 

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

coupling structure is selectively maintained.
1 

'This process provides for a technique 

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

or near ground potential. , . ,. 
A further aspecrof ~e•invention provides yet another process for 

fabricating a product. Thls procesi ilic1u&~ stegs of subjecting a substrate to a 

composition of entities. At least one of the· entities emanates from a species 
, !' I ,, 

generated by a gaseous. discharge excited t>y a high frequency field in which the 

vector sum of ph~se and ailti-phase '.~paciti~e coiupled voltages from the inductive 
' I• I 

coupling structurt is selectlvely ·maintained.' 
1
A further step of selectively applying 

, I ,; 
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. I' 

I jO: 

a voltage between the at least one of the entities in the plasma source and a 
, I 

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

control the amount of capacitive coupling to chamber bodies at or near ground 
I I \: 

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

An~ther aspect of th~ inverttibn prpvides another process for 

tabricating ·a product. The process comprises steps of subjecting a substrate to a 

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

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

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

inductive coil, transmission line, etc. 'Tliis ~lasma applicator has an integral 

current driven by'capacitive coupling ·of~ Jlasma column to el~ments with a 

selected'potential 1greater tlian a surroundin~ shie:ld.potentiai substantially equal to 

capacitive coupling of the plasma column td substantially equal elements with a 
• l l } 

potenti~ below shield potthtial. I j I : 
1 In a further aspect, ~e inventi~n provides an apparatus for 

; 1 . 
fabricating a product. The apparatus has arrenc~osure comprising an outer surface 

and an inner surface. The enclosure houses 'a gaseous discharge. The· apparatus 

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

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

operably coupled to the plasma applicator is 1included. The high frequency power 

source provides high frequency to excite ·thf gaseous discharie to provide at least 

one entity from a.high frequency field in which the vector sum of phase and anti-
1 ' 

phase capacitive current coupled from the inductive coupling structure is 

selectiv~ly mainttlned. 
I 'I I ' 

In :mother a'spect, the :present invention provides an improved 
l i l ' 

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

source, a plasma kpplicato~ (~.g'. , inductive:coil,1transmission line, ~tc.), and other 

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

adjustment circuit (e.g., RLC ~frcuit, coil, .transmission line, etc.) is operably 
' . ' coupled to the plasma applicator. 'fhe wav\:, adjustment circuit can selectively 

. ll 

adjust phase and anti-pha~ potentials of th'e' plasma from an rf power supply. This 
' I ·i· 

,: 
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' 
I 
l I 

l ' 
rf power supply is operably coupled to the wave 'adjustment circuit. 

The present invention achieves these benefits in the context of 

known process technology. However, a fuitb,er understanding of the nature and 

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

portions of the specification and attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a simplified diagram of a plasma etching apparatus 
I 

accordil)g to the ~resent invention; 

Fi&s, 2A-2E are simplified c6nfigurations using wave adjustment 

circuits according. to the present invention; 1 

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

apparatus according to the present inventio11; , 

Fig. 4 is a simplified diag~: of i stripper according to the present 

invention; 
' ' 

Figs. 5A-5d are more detai~ed simplified diagrams of a helical 

resonator according to the present ihvention; 
; , I 

Fig. 6 is a conventional quarter-wave helical resonator plasma 

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

conventional design; 
' ' 

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

coil of the Fig. 6· apparatus; 
' . 

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

according to the present experiments; and 

Fig. 9 is a simplified side-view di~gram' of a stripping apparatus 

according to the present experiments. 
' 

DETAILED DESC~PTION
1 
OF THE INVENTION 

Fig. 1 is a simplified diagram of a plasma etch apparatus ·10_ 

accord.ing to the present inyention. This etch apbaratus is provided with an 

inductive applicatpr, e.g., inductive coil. ~is etch apparatus depicted, however, 
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is merely an illustration, a~d should not limit the scope of the claims as defined 

herein. One of ordinary skilled in .the•art fY implement the present invention 

with other treatment chamoers and the likiJ , 

· The etch·apparatus includes ~.cha+ber 12, a feed source 14, an 

exhaust '16, a ped~stal 18, an inductiv,e app\icator 20, a radio frequency (rf) power 

source 22 to the ibductive applicator 20, wJve adjustment circuits 24, 29 ~ ACs), . . ' 
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 c6amber 12 can be any suitable chamber capable of housing a 

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

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

distribution over the produc( 28 to be' e~hJ, but the chamber also can be 

configured in othbr shapes :or geom~tries, e(g., fla~ ceiling, truncated pyramid, 
J ' 

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

selected to produce a uniform entity density ove~ the pedestal 18, providing a high 

density of entities' (i.e., etchant species) for' ~tchi:ng uniformity. 
I • 

The present ~hamber' includes a dome 25 having an interior surface 

26 made of quartz or other suitable'materials. The exterior surface of the chamber 

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

includes a process kit with:a fpcus ring 32, 'a cover (not shown), and other 

elements. Preferably, the b1asma discharge is derived from the inductively coupled 

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

although other soLrces can·be employed. . I 
I I • I 

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

inductive applicator 20. Inductively couplC9 .~o'}'er is derived from the power 

source 22. The rf signal f~equencies 
1
rangidg frdm 800 kHz to 80 MHz can be 

provided to the i~ductive zj>plicatoi'20. P~iera61y, ·the rf signal frequencies range 
1 \ I ! I • 

from 5 MHz to 60 MHz. The inductive appiica~or (e.g., coil, antenna, 
• ; ! • ,, ! 

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

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

single integral conductive film, a transmission line, or:multiple coil windings. The 

,, 

----·----- _[____ _____ _ 
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• I 

; • I . 
shape o~ the inductive ~ppljcator and its l~tion relative to the cbamber_are 

selected ·to provid,e a plasma overlying the rledestal to improve etch uniformity. 
• 1 

The plas~ discharge (or plJina ~urce) is derived from the 

inductive applicator 20 operating at selected phase 23 and anti-phase 27 potentials . ' . 
(i.e., voltages) that substal)ti!llly cancel eac~;other. The cont.roller 36 is operably 

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

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

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

balanced capacitance of phase 23 and ~nti-p,hase voltages 27 along the inductive 

applicator (or coil adjacent to the plasma). :This jfull-wave multiple operation 
; I 

reduces ·or substantially eliminates the amount of capacitively coupled power from . , . . : 
the plasma source to chamber bodies (e.g., ]pedestal, ~alls, wafer, etc.) at or close 

to ground potentihl. Alternatively, the wav~ adjustment circuits 124, 29 provide an 

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

leng!Jl multiple bt a selected amount, thereby operating at selected phase and anti­

phase voltages that are not full-wave multiples. Alternatively, more tJ?an two, one 

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

all of these above embodidtents, th~ phase and anti-phase potentials substantially 

cancel each other; thereby providing substabtiaJJt no capacitively coupled power 

from the plasma source to 'the chamber bodies. 

In alternative embodiments, the wave adjustment circuit can be 

configured to provide selected phase and an~-phase coupled voltages. coupled from 
• • I 

the inductive appiicator to the plasma that do not cancel. This provides a . I • • . . 
controlled potenti'al between the plasma and the ~hamber bodies, e.g., the 

substrate, grounded surfaces, walls, etc. In one iembodiment, ·the wave adjustment 
I i 

circui~ can be used to selectively reduce current' (i.e., capacitively coupled 
I • 

current) to the plasma. This can occur wh:en certain high potential difference 

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

from the plasma region (o; inductor-contafding-the-plasma region) by making them 
' .1 i J 

go into the wafer adjustment circuit assemblies, yvhich are typically configured 

outside of the plasma region. In this embodiment, capacitive current is reduced 
I 
i 
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and a selected degree o~ symmetry between the phase and anti-phase of the coupled 

voltages is maintained, the1eby providing a selected potential or even substantially 
. . I 

ground potential. In o~er·embodi~ei:tts, ~e wave adjustment circuits can be used 

to selectively increase current (i.e., <:3pacitiN\:IY ~upled c~rrent) to the plasma. 
'1 

As shown, the wave adjustment circuits are attached (e.g., 
I : 

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

of these wave adjustment c'ircuits can ibe attached at an intermediate position away 

from the inductivr application ends. Accor~ingly, upper and lower tap positions 

for respective wa~e adjustment circuits e311 ·be adjustable. But both the inductive 
. . ' · . . 

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

both can interact with the plasma discharge! ' 

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

automatic tuning of the ware adjustment drcuits and any rf matching circuit 

between the rl' geperator ~d the plas~a ~tmeAt chamber. This sensing 

apparatus can maintain the
1
average AC poJntiaJ :at zero or a selected value relative 

I 

to ground or any other reference value. nlis wave adjustment circuit provides for 
' . ' 

a selected potential difference between the plasm~ source and chamber bodies. 

These chamber bodies may be at a ground ~ tential or a potential supplied by 

another bias supp}y, e.g., See Fig. 1 referehce nhmeral 35. Examples of wave 
I 

adjustment circuit's are described by way of the Figs. below. 

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

wave adjustment circuits according to the present invention. These simplified 

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

these w~ve adjustment circuits employ substantially equal circuit elements (e.g., 
' I 

inductors, capacitors, transmission iine sectjons, and others) such that the electrical 

length of the wav~ adjustment circuits in series with the inductive applicator 

coupiing power to the plas~ .is substantiall~ 'an ~ntegral multiple of one 

wavele~gth. In other embodiments; · the circuit elements provide for inductive 
I \ • ' ' t I 

applicators at other wavelength multiples, elg., one-sbtteenth-wave, one-eighth-
l I ' 

wave, quarter-waye, half-wave, • threeequartbr w~ve, etc. In these embodiments 
' I 

(e.g., filll-wave multiple, half-wave, quarter-wave, etc.), the phase and anti-p~ase 
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.I• 

relationship between the plasma potentials shbstahtially cancel each other. In 
I I l • 

further embodiments, the wave adjustment1drcuits employ circuit elements that 
' · I I provide ,plasma applicators with pha~ and i*t.ti-phase potential relationships that do 

not caQ.cel each o~er out using a varlety ofiwav~ length portions. 

Fig. 2A is ~: simplified illustration1of an embodiment 50 using wave 

adjustment circuits according to the present invention. This embodiment SO 

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

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

supply 61, and other elements. The up~r ~ave adjustment circuit 57 is a helical , . 

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

wave adjustment circuit 59,also is a helical coil transmissi~n line portion 67 

outside bf the plasma source region 60. -nle'po,,\,,er supply 61 is attached 65 to 

this lower helical 'coil portion 67, and is g~9unded 63. · Each of the wave 

adjustment circuits also are shielded 66, 6$i.; 1 ! 

In bis embodiment, the wav~'adjJstment circuits~ adjusted to 

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

point 00 in Fig. 2A). This embodiment also prdvides substantially equal phase 70 

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

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

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

anti-phase potentials. Voltage distributions 00-A and 00-C are combined with C-D 

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

voltage distribution in this 'embodiment wlrere th~ desired configuration is a 

selected phase/antiphase ixirtion of a full-waUe iJductor (or helical resonator) 
: ,. • , 11 I 

surrouriding the P,lasma source discharge tube. 

In bis em~iment, it is desi°rabie( to reduce or minimize capacitive 

coupling current from the inductive eleme?t to 11).e plasma discharge in the plasma 

source. ; Since the capaciti~e current incrdsbs m!)notonically with the magnitude of 

the difference of peak phase and anti-phasi voltages, which occur at points A and 
• I • .• 

C in Fig. 2A, this coupling can be Jessened ~y reducing this voltage difference. In 
I • l<t 

Fig. 2A', for example, it is achieve4 by way of two wave adjustment circuits 57, 
i / 

' ' I 
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59. Coil 55 (or qischll!ge source) is a helical reknator and the wave adjustment 

circuits 57, 59 are helical resonators .. 1· 

i 
The discparge source helica~ r~sonator 53 can be constructed using 

conventional design form~ae. Generally, lthis helical resonator includes an 

electri~ l~ngth which is a selected'phase r.r~on "x" (A to 00 to C) of a full­

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

selected to comprise a portion (2r-x) of full-wave helical resonators. Physical 

parameters for the wave adjustment helical resonators can be selected to realiz.e 

practical physical,dimensio·ns and appropriate Q, Z0 , .etc values. In particular, 
. ' 

some or even all of the transmission line parameters (Q, 20 , etc.) of the wave 
I ' , 

adjustment circuif sections may be selected to be substantially the same as the 

transmission line ~arameters of the inductive applicator. The portion of the 
I 

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

sized to provide selected uniformity valuesi ~ver substrate dimensions within an 

economical equipment sire and reduced Q. i; 

The wave adjustment circuiq provides for external rf po~er 

coupling, which can be used to control and!inatch power to the plasma source, as 

compared to conventional techniques used ib helical resonators and the like. In 

particular, conventional ~hniques often ma~h to, couple power to, or match to 

the impedance of:the pow~r supply to the h~lical resonator by varying a tap 

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

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

position· using a ~nventional matching network, 'e.g., LC network, r network, 

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

cumbersome and generally imposes a diffitli!t mechanical design problems. Using 

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

unanticipated changes in tile disc~~e 
IQ; lhc1 therefore irifluences its operating ,· 

mode and stabili~. ln,the present embodi~ ~nts) the wave adjustment circuits can 

be positioned outside of the plasma source tor constrained in space containing the 

inductive coil, e.k., ~ Fig. 2A. A~rdih~ly, lthe ~echanical design (e.g., 

means for varyin~ tap position, change i~ the effective rf power coupling point by 
. ! ·t I. I 

-,. 
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• I , • 

electrical means, etc.) of ti;e tap position arn 1simplified relative to those 
' 11 . 

conventional techniques. · 1. 
In ~e presel)t embodiment', rf power is fed into the lower wave 

adjustment circuit 59. ·Alternatively, rf po~Jr ~ be fed into the upper wave 

adjustment circui~ (not sho.~n). The.rf po:.ie~ al~ can be coupled directly into the 
I 1 , 

inductive plasma boupling !1PPlicator (e.g., ·coil, ~tc.) in tl}e wave adjustment 

circuit design, as illustrated by Fig. 2B. Aliernatively, other application will use a 

single wave adjustm~nt circuit, as illustratef by Fig. 2C. Power can be coupled 

into this wave adjustment circuit or by conventional techniques such as a tap in the 
. . , :i . 

coil phase. In some embodiments, this tap in the coil phase is positioned above the 
• I 1· I 

grounded end. An externai impedance mat¢l1ing network may then be operably 

coupled ito the power for sitisfactoiy pow~~ ~~fer effici~ncy from, for example, 

a conventional coaxial cable to impedance~ t~urr~nt to voltage rations) existing 

between.the wavd adjustm~nt circui~ ¢rmiti!ted Jnd of the applicator. 

A further etilbodimefit bsirtg liiultiple inductive plasma applicators 

also is provided, as showd-in Fig. io. TJlembooinient includes multiple plasma 

applicatbrs (PAl J PA2 ... P)\n). :-These pl~ia aJplicatorn~spectively ·provide 

selected1combinations of inducti~ely coupled power and capacitively coupled power 

from respective voltage potentials {Vl, V2.l'. 'vn). Each ~f these plasma 

applicators derives power from its power source (PSl, PS2 ... PSn) either directly 

through '.an appropriate ma~hing or coupling 1network or by coupling to a wave 

adjustment circuit as described; Altemativ'eiy, a single PQ~er supply using power 
' ' • I I J • I II j 

splitters and impe:dance matching networks can be coupled to each (or more than 
I ' ' 

two) of'the plasma applicators. Alternatively, m:Ore than one power supply can be 
I I l ' , j, ' I 

used w~ere at least one power supp Y. is shai:ed ~mong more than one plasma 
! •• I t1 J 

applicator. Each 1power so'urce is ci>u'pled tb 'its respective wave adjustment 
I I I I I 

circuits '.<WACl, f AC2 .. . ~ACn). :: ' I 

Generally, each plasma applicator:has an upper wave adjustment 
' ' circuit (e.g .• WAC la, WAC 2a ... WACna), and a lower wave adjustment circuit 

(e.g., \VAClb, WAC 2b .. '.WACnb). The combination of upper and lower wave 

adjustment circuits are used to adjust the pla~ma source potential for each plasma 
,, I ' 

' .t , .. 
' I I 

,·: 
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source ione. Al1rnativel;,. a sing!~ wave :~djustµient ~ircuit can be used for each 

plasma applicatorr Eac.h .wave adjustment circuit. can provide substantial'y the 

same impedance characteristics; or substantially distinct impedance characteristics. 

Of course, the particular configuration u~· :will .depend upon the application. 

For instance, multiple plasm~ ;applicators can be used to employ 

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

These applications 'include.film deposition ~sing plasma enhanced chemical 

deposition, etching by way of ion enhanced!etching or chem'ical dry etching and 

others. Plasma cleaning also can be perfo~in~ by way of the multiple plasma 

applicators. Specifically, ~t least one .of th~ plasma applicators will define a 

cleaning plasma iised for cleaning p_urposes: In ~me embodiment, this cleaning 

plasma can have Im oxygen containing species. his cleaning plasma is defined by 
' . . 

using an oxygen discharge, which is sustained by microwave power to a cavity or 

resonant microwave chamber abutting or surrounding a conventibnal dielectric 

vessel. 'Of course, a variety of other pr~ses also can be performed by way of 

this multiple plasma applicator embodi'ment: 

This present application using multiple plasma applicators can 

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

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

chambers, etc.). 'Alternatively, the degree ~f interaction between adjacent zones or 

chambers can be felaxed o~ing to ~lie use qf'vol~ge potential control via wave 

adjustment circuits. This plasma source provides for multiple plasma source 
' I 

chambers, each Jith its own control via its 1own :plasma applicator. Accordingly, 

each plasma appllcator provides a physical• ~ne region (i.e., plasma source) with 
I · " j 

selected plasma characteristics (e.g., capacitively coupled current, inductively 
, I ,. • • ' • • 

coupled current, etc.). These zones can be.used alone or can be combmed with 

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

application. : I ! 
In tlie prcsei\t embod~mentsJ 1~e ~ave adjustment circuit can be 

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

transmission !in~. circuits; etc. These tra~smission lihes include conventional 
!i :; . . 

I 
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1:11 

;,1 
solid or:air dielec.tric coaxial cable, or ordi~ry, .1repeating inductor/capacitor 

r 
discrete -approximations to transmission lin~, and others. These typeS of 

: ' I • 

transmission lines are co-3*ial transmissiorJ 1i,ipes1 balance<! parallel transmission 

lines, so called slow wave transmission lines' wit\1 a spiral inner conductor (e.g., 
I ' 

selected portions of a helical resonatot,' etc,~, and others. Individual lumped, 
I I ,• I 

fixed, or adjustable combinations of resistots, capacitors, and inductors (e.g., 

matching netwo~, etc.) ~so can be used t~ plate of transmission line sections for 
• t , . . . 

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 indepenqent eleme(lts also can be used as the wave 

adjustment circuits. These; wave adjustment ·circuits can be termed frequency 
, ti I \ 

independent WACs (or FIWACs). Freqliehcy independent wave adjustment 

circuits include degenerate !cases sucli as ~oh-circuit connections to ground or an 
I 

infinite impedance (i.e., open circuit), and ~f:hers. Frequency independent wave 

adjustment circuits can be ~sed alo~e. or i~'. combinati6n with the frequency 

dependent wave adjustmerii circuits: Alter~tive!y, the frequency dependent wave . . ; 
adjustment circuit;s can be used alone or in bomb!nation with other wave 

adjustment circuits. Other variations, alternative constructions, and modifications 

also may be possible depending upon the application. 

With regard to operation of tlie wave adjustment circuits, various ,, 
embodiments can be used, as illustrated by Fig. 2E. The wave adjustment circuits 

are used to select a wave l~ngth portion to.be applied in the plasma applicator. In 
, ' I. 

some embodiments, the average rf plasma 'J>O'tential is maintained close to ground 

potential by providing subJrantially'equal Jhise 90, 81 and anti-phase 91, 82 
: . ' 

capacitively coup~ed portio~s of the inductive applicatqr. This can occur in multi-

wave embodiments 92, fult-wave enibodirrien'ts 9'3, half-wave multiple 
• 

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

In ~ternativl embodim~nts, i\ is dhsirable to maintain an elevated 

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

plasma flux (or i~n bombatdment) to the p/oducl substrate (or any other chamber 

' . ,, 
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I 
I I 'I ' 

bodies). These e(nbodiments are ptqvided,l;>y seiecting distinct electrical lengths . . . . ; 

for each of the w!lve adjus~e~t-circuit sec,tions fuch that the capacitive coupled 

current from a p~ase section of the i'nductiv~ phuma applicator is in excess of 
i • • 

capacitiye coupleq current from its anti-pha~ portion. In these embodiments, the 

wave ~djustment circuit pryvides a delibera~.im~alance between the phase and 

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

shifting the zero voltage nodes along the process '. chamber axially, thereby 
I 

achieving a bias relative to the plasma disc~arge.' As shown, the phase 95 is 

imbalanced relative to its anti-phase 96. ln!9ther embodiments 99, one phase 

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

phase portion 85.' Other embodiments are · provided where the source plasma 

voltage is lower t'elative tci'. ground ~tentiai:.' · In the embodiments were imbalance 

is desirable, the ~tential difference betweeh 'the !pha~ and anti-phase potenti.al 

portions is reducdd (or miriimi.red) when the am6unt of sputtering (e.g., wall 

sputtering, etc.) ik reduced. ' The amount of.sputtering, however, can be increased 

(or-maximized) by increasing the potential 1differ~nce between the ph~ and anti­

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

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

used wiil depend upon the application. 

Current maxima on an inductive applicator with distributed · 
' ' I 

capacitance (e.g., helical resonator transmission Jine, etc.) occur at voltage 

mmuna. In partit:ular, coriventional quarter~wav~ helii:al resonator current is 

substantially at a ~elative rliaximum;~ its' gi~nded end of the coil, and to a lesser 

extend i.n the n~by coil elements. ' Theref6re, J,artia1
1 

ind'uctive coupling of 
l I ' . I 

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

wave helical resonators, inductive coupling tends to occur at each of the two 
' I' 

grounded ends. 

In the present invention, substantially anti-symmetric phase and anti-
, l 

phase inductive half-wave and other fractidnal w~ve applicator sections support 

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

reference numerai 00. This effect is caused by ijigh current flow in the induc~or 
I 

'· I 
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applicator zones (or sections) both directly.above and below the node 

(corresponding to inductor elements in the phase and anti-phase sections at and . . . . 
immediately adjacent to th¢ rf voltage zero· point! . . It should be noted that 

conventional quarter and half-wave inductif ely coupled inductive applicators have 

inductive coupling which abruptly declines· pelov{ the grounded coil locations 
I ; 

because the coil terminates and voltage extrema are present at these locations . . 
This generally pr?duces conventional quarter :and half-wave helical resonators that 

tend to operate in
1 
a capacitive mode, or with a sµbstantial fraction of power which 

is capacitively coup!~ to the plasma, unless the plasma is shielded from coil 
I ; 

voltages, as noted above. 

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

elements for effective operation. The pow.er_ system includes an rf power source . . 
This rf power source can be' any suitable rf' generator capable of providing a 

. i 

selected' or continuously va:riable frequen~y •in a range fro qi abo1,1t 800 kHz to 
' ,. 

about 80 MHz. Many generators are useful'. ' Pr'eferably, generators capable of 

operating into short and o~n-circuit loads tithoht damage are used for industrial 

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

28.12 MHz - 3 kW CX-3000 power supply' m~db by Comdel, Inc. of Beverly, 

Massachusetts. A suitable variable frequency po'wer supply arrangement capable 

of the 3 kW output over an 800 kHz to 50 MHzlrange can be made by driving an 

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

HP116A, 0-50 MHz Pulse/Fun<;tion Generat6r. 
1

0ther generators including those 

capable of higher or lower, power also can.~ used depending upon the application. 
I 1:1 • 

Power from :the generator can be transmitted to the plasma source 
'. • • I '1· 

by conventional coaxial cable transiµission, line. I An example of this transmission 

line is RG8/U an~ other hfgher tem~~tui1J ~ted cable (e.g. , RG1151U, etc.) witll 

a coaxi~l TEFLONft diel~tric. In some eJ ~ k ents, power is fed to 
• I I 

conventional end:grounded half-wave'helical res6nators by positioning a movable 

tap on the helical
1

coil and'connectingia po~dr sdurce between the tap and the 

ground. . In other' embodiments, matching *iworks can be introduced between the 

coaxial cable poJ er feed ahd the helical coil' tap lfor flexibility. The matching 
: I 

'! 
1·· 

.. 
,i. 
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network will depend on th~ selected w~ve f nfig~ration and wave adjustment 

circuits.: In a balanced balf-wave helical reknator embodiment, for example, the 

ends of ~e resonator coil can be terni.inated with wave adjustment circuits which 

substantially have, zero susceptance. In parv_gular, theiwave adjustment circuit is 

designed as an oikn circui~ by making no eiectri6al connections to the ends of the 

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

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

reference potential. Theseitypes of wave adjustment circuits are frequency 

independent and are 
1

"degenerate" cases. In ·these embodiments, the rf power is 
' I ' 

provided such that the prucie ~d anti:phase 'current flows above and below the 

electrical midpoi~t of the coil. This provides for substantially balanced phase and 

anti-phase current flow fro~ the power souke sJai,jJjzing desired operation in coil 

voltages above the midpoint of the coil; atid ·also
1 
provides substap.tially equal phase 

and anti~phase voitages. i 1 '' ! 11. I , · 
' ' I Tbb embodiments· described ~b~ve! also can be applied to other 

plas~a processinJ applicaJons, ~.g., PECVD, plasma im~ersion ion implantation 

(PHI), stripping, ~uttering, etc. For instkce, Fig. ·3 is a simplified CVD 

apparatus 100 according to the ~resent invention, The present CVD apparatus 

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

power source 122, a ground 124,· a helical1 resonator 126, ·and other elements. The 
I 

helical resonator 126 has a· coil 132, an 6uter shteld 133, and other elements. The 

chamber can be ~ny suitab~e chambei'°capal>le of;housing a product 119 such as a 

wafer for deposition, and for providing a plasma' discharge therein. Preferably, 
I ; I . i j I 

the chamber is a ~ght circular cylinder chainber for providing an uniform plasma 
I I , I 

species oistribution over the product. But the chamber can also be configured in 
I : ' : 

the form of rectangular right cylinder, a tn.incated cone, and the like. The 
• I 

chamber and fix~res are ~nstructed from' alumfuum and quartz, and other suitable 

materials. The plasma discharge is derived from a plasma source which is 
I 

preferatily a helical resonator discharge or'bilier 'inductive discharge using a wave 
. 1· . 

adjustment circuit or other techniques to selebtively adJust phase-anti-phase 

potentiais. The present CyD apparatus ~ro'videJ for deposition of a dielectric 

·I : 
'l 

---'-----'----~----- i~-· 
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material, e.g., silicon d_ioxide or the like. 

The product 119 having an upper surface qo is placed into the 

present CVD apparatus for deposition, e.g./ plasma enhanced chemical vapor . ,, 
depositi,;m (PECVD), and others. Examples:bf qepositioo materials include a 

dielectric material such as a silicon dioxide f(SiO:i), a phosph~silicate glass (PSG), a 

borophosphosilicate glass (BPSG), a silicon· nitride (Si~N.), among others. 

lo one embodiment, the depo,sition occurs by introducing a mixture 

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

according to ·the present invention. ~e organic silan~ can be any suitable organic 

silicate material such TEOS, HMDS, OMOI'S, and the like. Deposition is also 
I ' ' 

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

about l liter/per minute anii' less. A relative flow rate between the organic silane 

such as TEOS and oxygen ranges from abo~t I :40 to about 2: 1, ·and is preferably 

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

silane-oxygeo layer ranges from about 300 to about 500°C, and can also be at 

other temperatures. Presslires in the range of 1 to 7 Torr are generally used. Of 

course, other concentratiorts, temperatures; materials, and flow rates can be used 

depending upon the particular application. 

This chamber also includes a wave adjustment circuit 127. ' The 

wave adjustment circuit 127 is used to provide a helical coil operating with 

capacitive couplidg to selected phase and anti-phllse voltages. This portion 127 of 

the wave adjustmbnt circuft coil also is shielded 140 to prevent rf from interfering 

with the plasma d.ischarge 'or e~ternal elements, ~.g., equipment, power, etc. The 

coil shi~ld 140 is ·made of a conductive material ~uch ~ copper, aluminum, or the 

like. In one embodiment, an operating frequ~ncr is selected and the wave 

adjustment circuit is adjusted to short circuit the ~pper end of the helical applicator 

coil to ground 124. This J rovides a helica.i' don pperating at approximately a full­

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

wave multiple operation provides for bal~nced Jpacitance of phase 151 and anti-
' , I , 

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

multiple operation reduces or even substantially eliminates the amount of 
i 

________________ --i_ j 
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capacitively coupled powet'i from the J?lasma :~urce to chamber bodies (e.g .• 
. ·, . . 

pedestal, walls, wafer, etc.~ at or close to ~r:9uny potential. 

In the present embodiment, 1\11 w,ve adjustment circuit 127 is a 

variable. coil po~on 128 of a spiral transrriil~ionj line, :which is selectively placed 

outside the outer fhield 133. Accordingly, ;whe~ the 'irave adjustment circuit is 

adjusted to beco~e· a short circuit, the plasina so:Urce· ~sees" only a selected full­

wave multiple co~prising lubstantially equal phlise 151 and ·anti-phase 153 of the 

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

deposited oxide film is often tensile, which 'can be undesirable. . . 
Alternatively, the wave adjusimenf circuit 127 provides a helical 

resonator operating at sele<rted phase and, anti.-phase voltages that are not full-wave 

multiples. This wave adju~tinent cfrcuit provides for a selected amount of 

capacitive couplirig from tlie plasma source'to th~ chamber bodies. Stress of the 
' ' 

deposited oxide film in thi~ embodiment ~ be made to be zero or slightly 
• I • I ' 

compressive. In some embodiments, the' o~de f'jlms can be deposed with an rf 
i • , I . ~ , . 

plasma potenual Qf several hundred volts between the plasma source and the 

substrate to decreli-se the tendency of the ox'ide film to absorb moisture. This can 

occur by adjusting the wa':'e adjustment circuit to add in a small section of 

transmission line outside of the source and correspondingly shortening the 

applicator coil (by movingithe,lower point.at which the applicator coil is short­

circuited and thereby decreasing the induc~ of the ·applicator coil and electrical 

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

course, the seleclfd amoun~ of capacitive coJpling wili depend upon the 

application. 
I ; I 

Fig. 4 is a simplified diagram ·of a resis,t stripper according to the 
, ,I . • 1 I ' 

present invention; The present stri~ping apparatus incJudes similar elements as the 
1 i I ' I 

previous describetl CVD apparatus. The present' strip~ing apparatus includes a · 

chamber 112, a teed source 114, aJi exhaust'l 16~ a pedestal 118, an rf power 

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

helical resonator '126 incluhes a coil 132; aii~uJr shield ·133, a wave adjustment 

circuit 400, and other elements. The chamber can be 'any· suitable chamber 
I I i 

,· ,: 

:: 
_: __ _ 
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capable of housing a produpt 119 such as a pbotoresist coated wafer for stripping, 

and for providing! a plasma discharge thereirt. The plasma discharge is derived 

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

inductive discharge using a wave adjustment circuit or other techniques to 

selectively adjust phase\anti-phase potentials: The present stripping apparatus 

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

examples of such a strippi11g apparatus are described in the experiments section 

below. 

In this embodiment, the wave adjustment circuits rely upon open 

circuits (i.e., zero susceptance). Power transfer jean be occurred with a balanced . . ' 
feed such as an inductively,,coupled 'push-plill ariangement such as coupled 

inductois. Techn,~ques for ~nstructing th~se1coupled bductors are described in, 

for example, "Thb ARRL 'Antenna Book,":R.D. 1Straw, Editor, The American 

Radio Delay Leaiue, Newington, CT (1994) 
1

and "The Radio Handbook," W.I. 

Orr, Editor, Engineering Ltd, Indiina (1962)', which ~e both hereby incorporated 

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

"balun" (balanced-unbalanced) toroidal tran~former (i.e., broadband transmission 

transformer, broadband ~forme1:i, etc.') 40'1 can be used to provide balanced 

matching from a conventional unbalanced coaxial transmission line. Techniques 

for constructing toroidal balu.ns are desc~ilxid in,: for example, "Transmission Line 

Transformers," i Sevick, 2nd Edition, Arileridn Radio Relay League, 

Newington, CT (1990). The toroiditl tranJronnbr is coupled between the rf power 
I . ' 'I 

source 122 and tqe coil 132. The midpoint' 406 between the phase 405 and anti-
, ·: I I 

phase v61tage on \he coil is effectively rf groµnd~, hence it may be convenient to 
l 

directly 'ground tliis midpoint of the inductive application in some embodiments for 
. I 

stability. This pennits alternate operation .ih which power may be coupled into the 

' inductive applicator (e.g:, coil, etc.) with a c'onventional unbalanced feed line 
i ' • 

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

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

to adjust in selected applications. ! 

Referring to' the helical resonator embodiments operating at 

I 
.,, 
' 

' I 
·! I 

l 
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substantially equal phase and anti-phase poteritials, Fig. SA is a simplified diagram 

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

illustration and should not limit the scope 6f the claims herein. The equivalent 
' circuit.diagram incJudes a plurality of rf power supplies (Vi, V2 , V3 •• • VJ 203, 

representing for ~xample, a single rf power: source. These power supplies are 

connected in parallel to each other. One end of the power supply is operably 
' coupled to a grou?d connection 201. The other end of the power supplies can be 

represented as being connected to a respecdve capacitor (Ci, ~. ~ ... CJ. Each of 

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

operation, substarttially no voltage difference exists between any of these 

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

Fig. 58 is a-simplified ·wag~ of instantaneous AC voltage and 

current along a helical resdnator coil of Fig.'. SA 
1

where each end of the inductive 

applicator is short circuited. The diagram . is ' merely ll!l illustration and should not 
I • 

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

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

plasma discharge includes fill intensified "donut-shaped" glow region 501 that 

occupies a limited range (R) of the discharge tul:ie 213'. The plasma discharge has 

an average voltai,e potential CVave) of substantially zero volt between the ground 

potential (V 0 ) and the high' voltage potential ,(ViJ. As can be seen, the plasma 

discharge 501 has capaciti~ely coupling element~ to V8 and V0 • But the average 

voltage potential of this plasma discharge is zero·. This operation provides for 
i • I ' • 

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

adjacent to the pl~srila, thereby substmtial)y pre~enting ca'pacitively coupling from 

the plasma source to chamher'bodi:s. As ~~ shown, a current maxima 507 exists 

at V .... which corresponds' to an inflection
1 

i>oint between the phase 503 and the 

anti-phase 505. ! . . 
I , J I 

In an alternative operating m8lle, oim rings of plasma caused by 

inductively coup(~ plasm~ current are visi6le ndar top and bottom extremes of the 

inductive application, as illustrated by Fig. 5C.' 
1

This operating mode is gene~lly 

for a fuil-wave 517 indUCUVe C:OUpling coil Operated at a very high J)OWer, e.g., 
' ' • I 



Page 37 of 130Page 37 of 130

5 

10 

15 

20 

25 

30 

,.-. 

·,11 
I 

27 , I 16655-003000 

niaximu~ power input to the inductive applita~r is often limited by thennal 

considerations an9 breakdo~. ·The rings ~13, 515 of current in the plasma 

discharge are simµlated by1maxi.muin coil c4rreni areas corresponding to 'voltage 
I • • , 

minima at the top and botk>m shorted ends of the coil. Under these high power 

conditi!'ns, subordi_nate cuf:reni rings are deteptable an4 some excitation is often 

visible in the intermediate regions. This ex~itation is partially caused by 

capacitively driven currents within the disch¥ge coupled to the voltage maximum 

and voltage minimum positions along the inducti~e applicator. 
. ' . 

Alternatively, subordinate ~nductive plasma current rings at the top 

and bott_om ends 513 of th~ resonator. do nQt appear with limited input power. The 

coil current and inductive flµx fall beyond the ends of the inductive applicator so 

that a single indubtive ring! 515 in the centh portion is more stable, provided that 

the conductivity elf the ptJ ma is latge enou~h td support a sing!~ current ring at a 
·1 specified input pdwer. 

I -
In alternative applications usihg high power operation, no secondary 

plasma current rings may be desirable. These applications often have ·substantially 

minimum internal capacitiJe coupling. In these applications, the inductive 

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

wave to an appropriate length such that only! the 1central current maxima exists on 
. ' 

the coil abutting the plasma source all'd the potential difference between maximum 

and minimum voltage on ~e applicator is subs~htially reduced. The present 

application is achieved by stabilizing the desired 1waveform along the applicator by 
I 

appropriate impedance wave adjustment circuits . . 

Referring tci! the abo~e em~~ents, the present invention provides T I ·' 
for processing wilb an inductively coopled. plasma in which the plasma potential 

from coupling to a phase Jortio~ of the indJ~tive applicator is substantially not 

offset by capacitive coupli~ to anti-phase v61tages ~n selective portions to the 

inductive coupling element'. Conventional .inductive sources (e.g., conventional 

helical resonators, etc.), h~wever, have hitlierto been operated in quarter-wave or 
' j.;, I 

half-wave modes.' These modes provide on)y phase capacitive coupling to th.e 
,1 • ' . 

plasma, which raises the plasma potential tdward the coil without compensation 
• I 

I', 
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anti-phase coupling. Conventional inductive sources that are longer than a half­

wave have been generally considered cumbersome and impractical for plasma 

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

along th.e helical coil, which have been beli~ved ~ create a non-unifonn plasma. 
' i 

In orde.r to. operate. a substantially inductiv7.: plasma in a helical resonator, 

conventional inductive sources relied upon shielding the plasma tube from 

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

inserting a longitudir1ally split shield between the coil and plasma tube. 
i 

The present invention provides for; a substantially pure inductively 
I ' , 

coupled power so!urce. A 'bene~t of this i~ductively coupled power as a primary 

means to sustain plasma exc\tation is that electric field lines produced by inductive 

coupling are solenoidal (e.g. they close on them~Jves). Since solenoidal electric 

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

field (e.g. a voltage difference) within the p\asma volume. Thus, in an ideal case, 

inductively ~oupled power 'can be transferr~~l'into a plasma without no direct 

relationship between the plasma potential arid the voltages on coupling.elements 

(e.g. the voltage on the coil in a helical resonator) or voltages on rf matching 

networks, if such· are used. Furthermore, when !transferring power to the plasma 

by purely inductive means; power transfer ~oes not require any significant 

potential differe~ to be maintained between el~ments of the plasma and ground 

potential (e.g. th~ potential difference betw~n tlie plasma· and ground can be fixed 

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

Although in theory, inductive power transf~r'd~s not require raising the AC or 

DC potential of the plasma with respect to grourid, in practice there has been 

substantial shift and harmful alterati~n in the ·plasma potential found in unshielded 
I ! ,,J. 

current art inductive sources. , I , 
j I ~ I 

As1previously noted, and fuillter dmphasized ·herein, the most 

effective conventional tneu\od employed to kvoid plasma potential shift in 
. ' , I• ! 

conventional commercially available inducti've sources:is to shield the plasma from 
' I • 1 , 

the electrical fiel4s on the 'lnductive COUP.Jin~ e!e:Uent (commonly a multi-tum coil) 
I + ·J. I 

by inserting a grqunded cor ductive niembei! ·between the inductive driving element 
,. ' · (' I 

' •I 
_______ __________ _j,~ · ~------------
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.l 1: 
and the plasma discharge 4be. · Shielding is: 1hmyever, cumbersome and 

inconvenient and has serious disadvantages ,~ Pfl!,Ctice. Shields couple to inductive 
I i f I 

applicator elements and can cause wide excbr,sioris in the natural resonance 
• • i I I I : 

frequen~y. whichlare not predicted by conv~ntioiia] de~ign formulae. This often 

results ip laborioJs trail ana error a:nd iterai.i'.ve Jechailical designs to achieve a 
' ·: . I 

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

difficult, to achievb initial iinition of the plasnia since shields generally exclude 

capacitive electric fields in'the-plasma discharge tube. In particular, ignition 
I • 

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

capacitive electric field disbharge, which i~ 'stable at lower currents and powers 

~. for example, J. Amorim, H.S. Maciel and J.P. Sudana, J. Vac. Sci. . . 

Technol. B9, pp. 362-365.: 1991). Accordingly,1shields tena to block capacitive 

electric fields, which induce plasma ignitiorl. 

Insertion of the shield close fi> high voltage RF point in a network 
I 

(such ad the voltage maximum points in a helical° resonator or the high potential 
, I • f 

driven s'ide of a TCP coil)i'.also causes largJ displacement currents to flow through 

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

a potential cause of damaging rf breakdowr across the' air"gap, hence the gap may 

require protection by inconvenient solid or. liquid dielectric insulation. The 

displacement current flow causes power los~' and·requi~s that higher power RF 

generatihg equipment be used to compensate' for ;the power loss. Coupling loss in 

the plasma source structui ·is also undesirlible from the standpoint of thermal I . , . 

control. These limitations.;are overcome b~ 'the present invention using the wave 

adjustment circuit's, an inductive applicator bf selected phase length, and other 
l, I 
I: , I elements. 

Experiments 

To·prove the principle and demoJtrate the operation of the present 
• •,'l I 

invention, a helical resonator plasma sour~ was1used in a photoresist stripper. 
, · I 

Conventional helical resonators also were e~:'3~ed in these experiments. These 

experiments are merely examples, and shoµI~ no~ limit the scope of the claims 
I I ~ 1 . 

Ii 
!l·· 

i 

I 
I 

I 
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herein. One of o~dinary skill in the art wotild easily recognize other experiments, 

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

I. Conventional Photoresist S~rimkr 
I 

. , In Ws experiment, the conv~ntional resist stripper was a prototype 
; ' ' 

made by MC Electronics, present assignee: Of course, other stripper platforms . ' ' . 
also can be used depending upon the appliJtion.. A conventional quarter-wave 

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

resonator source 602 upstream of a processing chamber 604, shown in Fig. 6. 
j • ! ; : 

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 turns per inch 'wiili a tb~ radius of 6.4 inches and 

centered radially and vertically inside an opter copper shield 610. Coil 608 is 
I .. 

operably coupled to a power source 612 and operated at about 13 MHz radio 
,, ' 

j • • I I. I 

frequency. A 17 inch long, 9.25 inch dia~eter quartz tube 606 was centered 

inside of the copper coil 608. The shield 610 was 16 inches inside diameter, 
I 

approximately 0.08 inches thick and 18 in~bes long. This shield 610 also was 
·1 

connected to a ground cv o) connection on ~6 aluminum process chamber body 

(except when making the current measurements described below). 

The process chamber 604 wJ :for a conventional resist stripper. 

This resist strip~r includ~ a wafer suppo~ 616 (or pedestal) and other elements. 

Process chamber ~ is operably coupled at an duter location 620 to ground via 
I '., I 

shield 610. Waf~r support 616 has a wafer' 618 disposed thereon. 

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

approximately 1.25 microns of Spin-coated Mitsubishi Kasei positive photoresist 
' I . I 

MPR-4000. This wafer was ashed on the gr9unded 10 inch diameter wafer 
j ! ' Ii I 

support 1616. This support· was resistivit$ heated' and the temperature of the 

substrate support was sensed with a therm099upl~. 

After the helical resonator pl~ma was ignited, visible plasma filled 
I ' I 

the quartz plasma' tube under all of the coridjtions used for processing. In addition, 

a strong plasma glow was aiways visible abpve the wafer in the downstream 

i 
! \ 
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processing chamber which was indicativ~ °if .secondary plasma discharge. to the 

substrate support. This secondary plasma ~ischarge was also accompanied by 
. ,· I 

current flow from the resoilator shield to th~ chamber of approximately 5-10 

Amperes rms (and sometimes even more) f,hich 
1
could be measured by elevating 

the shi~ld on insul~ting blOfks and monitorfg thp current flow through a 2 inch 

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

Current probe used to mo~tor the current. 

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

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

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

shown, the plasma discharge includes a glo~ region that 701 occupies a large 
. ' 

range (R) of the quartz tube 606. Th~ pj~ma drscharge has an average voltage 

potential 01 .,,J between th~ gr~und · po ten ti?}: 07 0) and the high Voltage potential 

(V..J. As can be seen'. the'plasma discharg4 701 has capacitively coupling · 

elements to V H and Vo due to its average y~ltage potential V ave• In fact, as 

previously noted,: the current flow frdm th~ ~sohator shield to the chamber was at 

least 5-10 Ampe~ rms. in high power api lications, intense sparking was 
. 1 'I l I 

observed in the chamber from the capacitively coupled plasma source. 

II. Present Photoresist Stripper . . 

To prove th~ ptjnciple and o~ratfon of the present inventions, 

experiments were perform~. These experimenJ used a photoresist stripper 
. 1. . 

apparatus. This resist stripper apparatus 'in1a cluster tool arrangement used a 

helical ksonator accordinl to the present i~~entibns. .One of ordinary skill in the 

art, however, would recognize that other icl.plementations, modifications, and 

variations may ~ used. Accordingiy'r the ;~xpeclments performed herein are not 
I I i I I 

intended to limit the scope· of the claims befow. 
. .. . 

Th~ photoresist st,ipper appatatus 'was configured .with multiple 
• . j 

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

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

yiew diagram, respectively;. Two process chambers, e.g., chamber 1 901 and 

I ~ I j I 
I.,'· I,, 

' . 



Page 42 of 130Page 42 of 130

5 

10 

15 

20 

25 

30 

•i ,· 
32 ., 

: ii­
, /I ' 

! t' i I 

16655-003000 

thambe~ 2 903, vyere used. Chamber. 1 901 ')NaS used for stripping implant 
• I 

hardened resist cijust (or skin). C~ber 2j~3 was used for stripping the 
, I 

remaining photoresist. Alternatively, the cham~rs can be both used for stripping 
I 

implant ,hardened resist crust and stripping. ftP1aiping ~hotoresist. Of course, the 

particular use depends upon th,~ :application. i Th~ chambers also were made of 

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

The apparatus also used a microprocessor b~ controller to 

oversee process operations. This microprocessor based controller can be accessed 

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

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

This controller also is shielded and highly resista,'.nt to chemical attack. 
1 An!automatic.wafer handlin.glsysJm 910 was also provided. The 

automatic wafer liandling system used standard clissettes 912 for transferring the 
: ' I } 

photoresist coated wafers tb and from the process chambers 901, 903. The 

automati·c wafer handling system included a robot 9171 cassette chamber 1 905; 
I ' 

cassette 'chamber 2 907, cassette stage 1 909, cassette stage 2 911, and other 

elements. The wafer handling system 910 1used a conventional interlock system for 

providing the cassettes 912 from the cleanroom ·i'nto the process chambers 901, 

903. A main shuttle chamber 1913 hotised the robot 917 in the cluster tool 
! ; I 

arrangement. The controller oversees the automatic wafer handling system 
' ' • ~ ' • i 

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

Japan. . 'i 
I' , 

A booung piate 915 was included in the main chamber 913 housing 

the robot 917. The cooling.plate 915 was Jr coJventional design, and was capable 

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

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

wafer temperarure either before, after, or ev.en tietween selected process . ' ' 
operations. 

The process chambers 901, 903 were disposed downstream from 
• I I. 

respective plasma sources, 923, 925. Each h~li~ resonator included a coil 927 

disposed around a quartz tube 929. Th.e coii' cortsisted of 11.5 turns of 0.4 inch 
, I ' ,, i 

j •I 
I 
I 
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I 
,' 1, 

copper tubing wound with a pitch of 0.9 turns ~r inc~ with a mean radius of 9.4 
i . 

inches and centered ~allr and vertically 'inside an outer copper shield 931. The 

coil is operably coupled to a power·source1(not shown). A 17 inch long, 9.25 inch 
I· ' 

diameter quartz tube w~s centered inside of1the c;opper coil. The shield was 16 

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

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

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

from wafers, e.g:, ~ Fig. 9 reference numeral 933. The processes involved the 

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

semiconductor wafers. Samples were prepclfed using eight-inch wafers. These 

wafers were spin coated with Mitsubishi Kas;ei positive photoresist MPR-4000. 

Spin coating occurred at 1,200 rpm and 120· °C for 90 seconds. The resulting 

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

sample wafers were implanted' to form a iqi~lanted hardened resist layer near the 

top of the photoresist. · t " 

An implant resist stripping process was performed to remove the top 

implant hardened resist. This occurred by• strip¢ ng using an "un-bala~" phase 

and anti-phase coupling relationship in a half'0wave helical resonator. The half­

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

chamber, the ped~stal had'a temperature of'about 40 °C to maintain a low wafer 

temperature. Thi's low wafer temperature was maintained to reduce the possibility 

of "popping. " Popping occurs when vapoC'in the underlying photoresist explodes 
' I : 

through "the implant hardened resist. i 
After the toJ hardened !aye~ was removed. The wafer was 

transferred into a· chambei:!operating at a tµ IILwa~e multiple.. This chamber 
• ' I• ' 

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

of this chamber \l{as at 150 to ,200 °c;. Tij6 full !wave structure provided for 

balanced phase and anti-ph~se coupled ctlrrerlts, b ereby reducing the amount of 
: . , J.: I 

capacitively coupled plasma, which can be• li~trimental to the underlying substrate. 
' 1' 

I ' • ' 
In this step, overashing was performed to substantially remove all photoresist 

material from th) wafer. No ~amage occJ;ted to the underlying substrate during 

i I 

! ' 
----------- • I~ - - -----
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' I; 
,, I 

this overashing s~p. 
~ . 

Once the ph~toresist has been stripped, the wafer is cooled. ln 
I • I ; 

particular, the wiker is. re~oved from the fn-w;ve multiple process chamber, and 

placed on the cocling station.' This.cooling jstati~n red~ces the temperature of the 
i • ' 

wafer (which was heated). This wafer is then reJoaded back into its wafer 
• • ' . 1· • 

cassette. Once all wafers have been proces~ in the cassette, the cassette 

comprising the stripped wafers' is removed from the cluste.r tool apparatus. 

Characteristics of this half-;wave helical resonator were described in detail above. 

In the present experiments: the following t~sts also were performed. 
• !i ; : : 

• I 

Test l: 6-m9h wafers, were ~hed ·at a total pressure of 0.13 Torr 
using a gas flow of 0.2 standa,rd liter per minute of pure oxygen, 
forward rf po,wer of 2200 ~tts and a reflected power of 150 watts 
at an excitatjon frequency of'l3.4 Mhz. The substrate was held at 
60 1°C and Y,1afers wei;e as~ffl and ithen the dischai:ge was 
extinguished). The ashing ratd across the wafer was determined to 
vaty between approximately,3411 ;Afmin and 3139 A/min with the 
rat+s approJ11jmately ,symmetric, about the center of each wafer and 
the, maximum ashing rate at !~e-ce'nter. The average etching rate 
w~ 3228 A/min and etching uniformity was approxima!CIY 4 
percent. i, : 
Test 2: 6-inch wafers were ashed at a total pressure of l Torr using 
a gas flow of 1 stan~d liter, per minute, forward rf power of 2200 
watts and a reflected power ·of, 160 watts at an excitation frequency 
of 13.0 MH?:, The sµbstra~ :~as held at 60 °C and the ashing rate 
was determiµ~ to very betw!lCn approximately 3144 A/min and 
374$ A/min'dependiitg on po:sitiori on a wafer. The etching 
uniformity was approximately 9 percent. 

I •, ! 

I f :I•,' ' 

Te~t 3: Resi~t co;ltf:4 ".Vaf¢rsjwer:e; implanted with a selected dose of 
5 io 1015 atoms/cm2 at ~o keviarsenic (As). The wafers were creaved 
int6 samples, approximately, 31 centimeters square. 

I f .J ) i ' 
Two samples were then ashed on the substrate support simultaneously, under the 

various conditions listed in Table l. 

, .1.· 
11 

' I 

,,,, 
' I•· ' '. ,• 

! ' 
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' 
I:• 

TABLE 1: Experimental 'Results for Ashing 

Time(s) Pressure 02 I Rwd Retl. rf Temp 
(~.) (Torr.) Flow Pwr Pwr freq. (OC) 

(slm)* (W) (WJ (MHz) 

180 0.23 0.5 
I 

2,000 180 13.2 68 

132 0.06 0.2 I 2,~50 180. 13.3 90 

180 . o.n 0.2 , , 2,200 150 13.3 60 
, , 

300 0.13 0.2 2,200 . 150 13.3 40 

90 i 0.09 0.1 ' 2,400 80 13.4 40 

150
1 

0.09 0.1 2,200 80 13.4 40 
•stln-stan<lar<l liters per mmute {Or lVl J seem 

(I) Unimplanted resist was used in this test ~nd ashing was 
terminated before endpoint wiis reached to test uniformity. The 
average ashi11g rate was 525~ :Al min and uniformity was 7.5 % . 

+ I ! • 
(II) Implanted resist was etched for 150 sec, bi.It endpoint was 
visible adOO seconds. t 

Under conditions.used for Run D, it was <tetermined that resist was cleared from 

the entire wafer a:fter 3 minute and · 15 seconds. 'Consequently, the ashing time in 
' 

the table included approximately 1.00 sec. o,vrre!fhing. Under conditions where 

practical ashing lites were'. attained, a visible pl~ma discharge and sheath could be 
. I 

observed over the wafer. , 

Diagnostic measu~ements of curreht similar. to those performed in 

the conventional stripping apparatus were ~rformed. In these measurements, 

currents from the shield of the resonator to the ~rocessing chamber gave values of 
• • I 

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

error using available instrlimentation. Accordirigly, these currents were at least 
. I .. I , . 

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

A ~isual i~pection of the 'stripped wafers shows extremely good 

1 
I 
I 
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' ' . 
results. That is, the waferf were stripped ~~i a s~fficient rate for production 

operatioµ and no substantial damaged occurred U? the wafers. This provides for 

effectiv~ wafer turn-around-time and substantially no damage caused by the 

plasma. In additi.on, cuIT9pt measurefi fron\ ,the shield to the chamber by elevating 

the shield on insulating blQCks was less than about 0.5 Amperes rms and, in some 

instances, at·or below measured error using available instrumentation. This 

current was substantially Jess than those measured in the conventional stripping 
I 

apparatus. 

While the invention has· been: described. with reference to specific 

embodiments, various alternatives, modifi~ifons', and equivalents may be used. In 

fact, the invention also can be applied to almost any type of plasma discharge 

apparatus. This·4ischarge1~paratus pan incl~delan apparatus for plasma 

immersion ion implantation or growing diaiponds, TCPs, and others. This 

discharge apparatus can be1 used for the manufaclure of flat panel displays, disks, 

integrated circui~. diamoiil:!s, semlcobducto~ materials; bearings, raw materials, 

and the 'like. Th6refore, the above description should not be taken as ·limiting the 

scope of the invebtion whi~h is defined by the aJpended claims. 

I• 

! . 

I: 

'I 
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1. 
,, . 

I 
WHAT IS CLAIMED is: 

: ·j 
1. A proce~s for fabricating a product, said process comprising the 

steps of subj~ting a substrate to entities, at least one of said entities emanating 

from a species generated by a gaseous discharge excited by a high frequency field 

in which the vectoi; sum of phase portion an~ an~-phase portion of capacitive 

current coupled from the inductive coupling structure balances. 

2. The pr~ss of claim 1 wherein said product comprises a 

semiconductor device. 

3. : The process of claim 1 wherein said. gaseous discharge is 
?,, • j J 

provided by a hebcal resonator. 

4. The process of claim 1 wlierein said gaseous discharge is 

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

whole number multiple of one wavelength. · 

5. The process of claim 1 wherein said gaseous discharge is 

provided by a helical resonator structure, ~id ~elical resonator structure having an 

electrical length which is substantially free from any multiple of one quarter 

wavelength. 

6. 'The process of claim 1 wherein said one of said entities is 
I ! 

provided in chemical vapor deposition. 

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

provided in plasma etching. 

8. The process of claim 1 w~ereih said inductive coupling stru~ture 

is selectively balanced using a wave adjusJent dircuit. 
I' 
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9. A process for fabricating a product comprising the steps of 

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

substrate for completion ot said product, at least,one of said entities emanating 

from a species generated by a gaseous disctlarge :provided by a helical resonator, 
I 

said he!ical resonat~r having an integral cJ~rent 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 equaf elements with a potennal below shield potential. 

10. The process of claim 9 wherein said helical resonator is 

characterized in that the cap~citive current ffow from the surrounding coil into the 

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

column to the surrounding coil. 
I, 

11. The process of claim 9 wherein said helical resonator is in 
' which the average potentiai of the plasma column is substantially equal to that of 

the shield. 

12.: Apparatus for fabricating a product, said apparatus comprising: 

an enclosure, comprising an outer surface and an inner surface, said 

enclosure housing a gaseous discharge; 
I 

a plasma applicator disposed adjacent to said outer surface; 

a high frequ~ncy power source' oirably coupled to said plasma 

applicator, said high frequ~ncy power source exciting said gaseous discharge to 
' . . 

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

phase and anti-phase capacitive current cou~led from the inductive coupling 
. . I 

I I 
structure substantially balances. 

l 
13. Apparatus of claim 12 v.:herejn said enclosure is a chamber. 

I 

14. Apparatus of claim 12 w~ereln said enclosure is a tube. 
,! 



Page 49 of 130Page 49 of 130

5. 

10 

15 

20 

/ 

,. 

3Q . 
' I 
I 

·,l. 

16655-003000 

15.i Appara~s of claim 14 '?'herein said tube is made of a material 

selected from quartz, glas~. diamond, polymer, sapphire, and alumina. 

l 

16. Apparatus of claim 12 wherei·n said apparatus further comprises 

a wave adjustment circuit, said wave adjustm'ent 'Circuit operably coupled to said . . .. 
plasma applicator to selectively provide balancing of said inductive coupling 

structure. 

17. Appar~tus of claim 12 wherein apparatus is provided for 

chemical vapor deposition. 

1sJ Appara~·s of claim li Wherein appbtus is·provided for plasma 

etching. 

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

applicator, aJ\(I said high frequency power isource defihe a helical resonator 

structure, said helical resonator structure !Javing an electrical length which is 
•• I 

substantially a whole number multiple of one wa;velength. 
' 

20. Apparatus of claim 12 wherein said enclosure, said plasma 

applicator, and said high frequency power source define a h'elical resonator 
I 

structure, said helical resonator structure having ,an electrical length which is 
' . : I.. I 

substantially free from any multiple of one 'quarter wavelength . 

.. I 

l i 
,, . 

' ·i ·,11 
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PROCESS DEPENDING.ON PLASMA I)JSCHARGES SUSTAINED 
. BY INDUCTIVE .COUPLING 

ABSTRACT OF THE DISCLOSURE 

A process for fabricating a product 28, 119 . The process 

comprises the steps of subjecting a substrate :to a. composition of entities, at least 

one of the entities emanating from a species generated by a gaseous discharge . . 
excited by a high'frequency field in which:the vector sum of phase and anti-phase 

capaciti'!'e coupled voltages from the inductive coupling structure substantially 

balances. 

,I 

H:\home\rto\work\166SS\-3.apl 

I' 

I• 
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.. UNITED STA~ EPARTMENT OF COMMERCE 
Patent and Trademark Office 
Addreas: CXIMMISSIONER OF PATENT'S AND TRADEMARKS 

Washington, O.C. 20231 

, FIUNOOATE F1RST NAMED APPUCANT ATTY. DOCKET NO/llll.E 

08/S67,224 12/04/9S 

TOWNSEND AND TOWNSEND 
STEUART STREET TOWR 
ONE MARKET PLAZA 
SAN FRANCISCO CA 9410.S 

FLAMM 

0232/0214 
AND CREW 

DATE MAILED: 

I) 

0000 

NOTICE TO FILE MISSING PARTS OF APPLICATION 
FILING DATE GRANTED 

166.SS-000300 

02/14/96 

An Application Number and Filing Date have been 8B8igned to this application. However, the items indicated 
below are missing. The required items and f~ identified below must be tim~1=:1~tted ALONG WITH 
THE P).Y]ylENT OF A SURCHARGE for items 1 and S-6 only of$ ~(d_ for large entities or 
$---m_ for small entities who have filed a verified statement claiming such ;tatus. The surcharge is set forth in 
37 CFR 1.16(e). 

If all required items on this form are filed within the peri12'lJlow, the total amount owed by applicant ss a ~e 
entity, D small entity (verified staiemenJ filed), is $ _ . 

Applicant is given ONE MONTH FROM fflE DATE OF THIS LE'ITER, OR TWO MONTHS FROM THE 
·FILING DATE of this application, WHICHEVER IS LATER, within which tofileallrequireditems and pay any fees 
required above to avoid abandorunent Extensions of time may be obtained by filing a petition accompanied by the 
e,c:tension fee under the provisions of 37 CFR 1.136(a). 

1. ~e statutory basic filing ~jl; ~sing D insufficient. Applicant as a El'1iiiie entity D small 
entity, must submit$ ~?'2 to complete the basic filing fee. 

2. 0 Additional claim fees of$ as a O large entity, D small entityi including any 
required multiple dependent claim fee, are required. Applicant must submit the additional claim 
fees or cancel the additional claims for which fees are due. 

3. ~e~th ~r declaration: 
~missing. 
D does not cover the newly submitted items. 

An oath or declaration in compliance with S7 CFR 1.6S, identifying the application by the above 
Application Number and Filing Date is required. 

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

5. D The signature(s) to the oath or declaration is/are: D missing; D by a person other than the inventor 
or a person qualified under S7 CFR 1.42; 1.48, or 1.47. A properly signed oath or declaration in 
compliance with 37 CFR 1.68, identifying the application by the above Application Number and 
Filing Date, is required. 

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

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

7. D Thii application was filed in a language otherthan English. Applicant must file a verified English; 
translation of the application and a fee of$ under S7 CFR 1.17(k), unless this fee bas 
already been paid. 

8. D A $. _______ processing fee is required since your check was returned without payment. 
(S7 CFR 1.21(m)). 

9. D Your filing receipt was mailed in eFrOr because your check was returned without payment. 

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

11.0 Other. 

Direct the response to Box Missing Part and refer any questions to the Customer Service Center 
at (703) 808-1202. 

A copy of this notice MUST be returned with the resp onse. 
OFFICE COPY 
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I hereby certify that this correspondence Is being 
epos I ted with the· United States Postal Sl!rvlce as 
lrst class mall in an envelope addressed to: 

• sistant Comnissioner for Patents, 
(:, ttn: l!ox Missing Parts, llashington, o.c. 20231, 
~ 

PATENT 

Attorney Docket No. 16655-000300 
TOIINSEND and TOI/NSEND and CREII LLP 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

) 
) 

In re application of: · 

Daniel L. Flamm, et al. 

Serial No.: 08/567 ,224 

Filed: December 4, 1995 . 

) Examiner: Unassigned 
) 
) Art Unit: Unassigned 

' ) TRANSMITTAL LETTER - RESPONSE 
) TO NOTICE OF MISSING PARTS 

For: . PROCESS DEPENDINq ON 
PLASMA DISCHARGES 
SUSTAINED BY INDUCTIVE 
COUPLING 

) 
) 
) 
) 

Attn: Box Missing Parts 
Assistant Commissioner for Patents 
Washington', D.C. 20231 

Sir: 

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

Granted dated February 14, 1996, enclosed are the following to be made of record in the 

above-identified application: 

1) Petition to Extend Time Under 37 CPR §1.136(a) 
2) Executed Declaration and Power of Attorney; 
3 Copy of Notice of Missing Parts; 
4) Postcard. 

Please charge Deposit Account No. 20-1430 for the following fees: 

(a) Filing Fee (§ l.16(a))(Large Entity) $ 750.00 

(b) Excess Claims Fees (§ l.16(b), (c)): 

.lQ__ - 20 = ..Q_ X 22.00 = $ 0.00 

.]_ - 3 = ..Q_ X 78.00 = $ 0.00 

(c) Missing Parts Surcharge (§l.16(e)) 

TOTAL FEES TO BE CHARGED 

$ 130.00 

$ 880.00 
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Daniel L. Flamm , et al. 
Serial No . : 08/567,224 
Page 2 

PATENT 

The Commissioner is hereby authorized to charge any additional fees 

associated with this paper or during the pendency of this application, or credit any 

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

this application. This Transmittal utter is submitted in triplicate. 

Dated:----'b~[ \ lf--L-"..,91.__ 

TOWNSEND and TOWNSEND and CREW LLP 
Two Embarcadero Center, 8th Floor 
San Francisco, California 94111-3834 
(415) 326-2400 
Fax (415) 326-2422 
RTO:de 

rto\work\ 16655\3-mp.res 

Respectfully submitted, 
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I hereby certify that this correspondence is being 
sited with the United States Postal Service •• 

rst class mail in an envelope- addrHsed to: 
sistant Comnissioner for Patents, 
tn: Sox Hissing Parts, 1/ashington, o.c. 20231, 

TOWNSEND and TOIINSEND and ~REIi LLP 

\, 

PATENT 

Attorney Docket No. 16655-000300 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of: ) 
) 

Daniel L. Flamm, et al. 

Serial No.: 08/567 ,224 

Filed: December 4, 1995 

) Examiner: Unassigned 
) 

.) Art Unit: Unassigned 
) 
) TRANSMITTAL LETTER - RESPONSE 
) TO NOTICE OF MISSING PARTS 

For: PROCESS DEPENDING ON 
PLASMA DISCHARGES 
SUSTAINED BY INDUCTIVE . 
COUPLING 

Attn: Box Missing Parts 
Assistant Comn,tlssioner for Patents 
Washington, D.C. 20231 

Sir: 

) 
) 
) 
) 

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

Granted dated February 14, 1996, enclosed are the following to be made of record in the 

above-identified application: 

1) Petition to Extend Time Under 37 CFR §1.136(a) 
2) Executed Declaration and Power of Attorney; 
3 Copy of Notice of Missing Parts; 
4) Postcard. 

Please charge Deposit Account No. 20-1430 for the following fees: 

(a) Filing Fee (§ 1.16(a))(Large Entity) 

(b) Excess Claims Fees (§ l.16(b), (c)): 

_fQ_ - 20 = JL X 22.00 = 

...1. - 3 = JL X 78.00 = 
(c) Missing Parts Surcharge (§l.16(e)) 

TOTAL FEES TO BE CHARGED 

$ 750.00 

$ 0.00 

$ 0.00 

$ 130.00 

$ 880.00 

.e _ __________________ - -------
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. / ..,, 

Daniel L. Flamm, et al. 
Serial No.: 08/567,224 
Page 2 

PATENT 

The Commissioner is hereby authorized to charge any additional fees 

associated with this paper or during· the pendency of this application, or credit any 

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

this application. This Transmittal Letter is submitted in triplicate. 

Dated:._(;:::.....;....c.· {\~}9i,___, · _ 

TOWNSEND and TOWNSEND and CREW LLP 
Two Embarcadero Center, 8th Floor 
San Francisco, California 94111-3834 
(415) 326-2400 
Fax (415) 326-2422 
RTO:de 

no\ work\16655\3-mp. res 

Respectfully submitted, 
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UNITED Ink~""" "1EPARTMENT OF COMMERCE 
Patent and Trilaah'lark Office 
Address: COMMISSIONER OF PATENTS AND TRADEMARKS 

Washingt:On, D.C. 20231 

APPLICATION NUMBER F1UN0DATE ATTY. DOCKET NO.ITITUE 

08/S67,224 12/04/95 FLAMM D 16655- 000300 

TOWNSEND AND TOWNSEND 
STEUART STREET TOWR 
ONE MARKET PLAZA 
SAN FReNCISCO CA 9410? 

0232/0214 
AND CREW 

DATE MAILED: 0000 

NOTICE TO FILE MISSING PARTS OF APPLICATION 
FILING DATE GRANTED 02/14/96 

1 An Application Number and Filing Date have been assigned to this application. However, the items indicated 
below are missing. Th.e required items and fees identified below must be timely submitted ALONG WITH 
THE PAYMENT OF A SURCHARGE for items 1 and 3-6 only of$ .,,(-5,Q for lllrge entities or 
$ ~ for small entities who have filed a verified statement claiming such ;tatus. The surcharge is set forth in 
37 CFR 1.16(e). 

If all required items on this form are filed within the peri~~low, the total amount owed by applicant as a ~e 
entity, D small entity (verified statemenJ filed), is$ ..5A_U . 

Applicant is given ONE MONTH FROM THE DATE OF TIDS LETTER, OR TWO MONTHS FROM THE 
·Fll,ING DATE of this application, ~CBEVER JS 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 of37 CFR 1.136(a). 

1. li!"'fhe statutory basic filing~ ~g D insufficient. Applicant as aa"taiie entity D small 
entity, must submit$ bQ{.]. to complete the basic filing fee. 

2. D Additional claim fees of$ . as .a D large entity, D small entity) including any 
required multiple depe,ndent claim fee, are required. Applicant must submit the additional claim 
fees or cancel the addi'tional claims for which fees are due. 

3. ~e~th _or dehlara~on: 
P'missmg. 
D does not cover the newly submitted items. 

An oath or declaration in compliance with 37 CFR 1.63, identifying th~ application by the above 
Appli~tion Number and Filing Date is required. · 

4. 0 The oa.th 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 
F:'iling Date, is required . 

. 6, ~ e signature(s) to the oath or declaration i.&'are: D missing; D by a peraon other than the inventor 
or a person qualified under 37 CFR 1.42, 1.43, or 1.47. A properly signed oath or declaration in 
compliance with 37 CFR 1.63, identifying the application by the above Application Number and 
Filing Date, is required 

6. D The signature of the following joint inventor(s) is missing from the oath or declaration: 
r --. 

'\: 
_________ An oath or, declaration listing the names of all inventors and 'signed by 
the omitted inventor(s), identifying tii,is application by the a~v,~ ~P.PJi.Sa?PP-li~r.g.qd1~ 

Date, is required. \ tn.v,J 11) ·,5~ ~,..1;1 
\ flll /1.4 •OS 13t,Ov.~· . 

7. D The application was filed in a language bther than English. Applicanl: must file a vermed English. 
translation of the application and a fee of$ under 37 CFR l.17(k), unless this fee has 
already been paid. 

8. D A $ _______ _,.rocessing fee is required since your check was returned without payment. 
(37 CFR 1.21(m)). 

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

10. D The application does not comply with the Sequence Rules. See attached Notice to Comply with 
Sequence Rules 37 CFR 1.821-1.826. 

11.0 Other. I ·, 
Direct the response to Box Missing Part and refer any questions to tye Customer Service Center 
at (703) 308-1202. • 

1 

A copy of ~his notice MUST be returned with the response. 
"-'---~--=-ro.::.:RM=.:PTO-c=-=1=1133= (11BV.=..1"'i.94-=-> - - --------c_o_P_v_T_o_e_e-·_R_ETV~ R~~. w~_R_e_s_P_o_Ns_e~ - - ---~-- -- ~ 
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/' 

Attorney Docket No. 16655-3 

DECLARATION AND POWER OF ATTORNEY 

As a below named inventor, I declare that: 
My residence, post office address and citizenship are as stated below next to my name; I believe I am the origina.l, first and sole inventor 
(if only one name is listed below) or an original, first and joim inventor (if plural inventors are named below) of the subject matter which 
is claimed and for which a patent is sought on the invention entitled: PROCESS DEPENDING ON PLASMA DISCHARGES 
SUSTAINED BY INDUCTIVE COUPLING the specification of which _ _ is attached hereto or __x_ was filed on December 4, 
1995 as Application Serial No. 08/S67,224 and was aI11ended on (if applicable). 

I have reviewed and undersiand 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 tile examination of this application in accordance 
wilh Title 37, Code of Federal Regulations, Section 1.56. 1 claim foreign priority benefits under Title 3.5, United States Code, Section 
1)9 of any foreign applications(s) for patent or inventor's certificate listed below and have also identified below any foreign application 
for patent or inventor's certificate having a filing date before that of the application on which priority is claimed. 

Prior Foreign Applicatlon(s) 

Country Application No. D~te of Filing Priority Claimed 
Under 35 USC 119 

Yes - - No --
Yes __ No_ 

I claim the benefit under Title 35, United States Code, Section 120 of any United States application(s) listed below and, insofar as the 
subject matter of each of the claims of this 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 ciccurred between the filing date of the prior application and the national or 
PCT international filing date of this application: 

Application Serial No. Date of Filing Status 

- Patented - Pending - Abandoned 

- Patented - Pending - Abandoned 

POWER OF ATIORNEY: 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. 

Send Correspondence to: 

Richard T. Ogawa, Reg. No.~ 
WilliamJ. Bobier, Reg. No. 31,487 
Kenneth R. Allen, Reg. No. ~ 

Direct Telephone Calls to: 
cRl£hl[d :t Oeawa 
:rt)WN"1E!m ad 'ffl'Wl'f!END ltND eftEl'W CJ> 

(Narne, Reg. No., Telephone No.) 

""'··- "'-"'--cadero Center 8th Floor Name: Richard T. Ogawa 
San Francisco, CA 94111 .. Reg. No. 37,692 -~-... Telephone: 415' 326,:2400 

... 

<P,age 1 of 2) 

-
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)..,)~ 
.. 

Full Name Last J:laroe FU'StName Middle Name or Initial 
of Inventor I Flamm Daniel L..... 

Residence& City c~ Sta~/Foreign Country Country of Citizenship 
Citizenship ..JHalout Craak- California U.S.A. 

Post Office Post Office Address City State/Country Zip Code 
Address 476 Green View Drive Walout Creek California 94596 

Full Name Last Name First Name Middle Name or Initial 
of Inventor 2 Vinogradov Georgy 

Residence& City State/Foreign Country Country of Citizenship 
Citizenship Yaroanasbl Japan Russia ' 

Post Office Post Office Address City State/Country Zip Code 
Address Dragons Mansion Apt. 306 Yamanashi, 400-01 Japan 

5860-5 Ryucbi 
Futaba-cbo, Kltakomagun 

I 

Full Name Last Name First Name Middle Name or Initial 
of Inventor 3 Yoneyama Shimao . 
Residence & City State/Foreign Country Country of Citizenship 
Citizenship Yamanashi Japan Japan 

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

Futaba-cbo, Kitakomagun 

I further declare that all statements made herein of my own knowledge are ttue and that all statements made on information and belief 
are believed to be true; and further that these statements were made with the knowledge that willful false statements and !he like so made 
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of !he United States Code;and that such willful false 
statements may jeopardize the validity of the application or any patent issuing thereon. 

Signature of Inventor 2 Signature of Inventor 3 

Georgy Vlnogradov Shimno Yoneyama 

Date t 7 11<rG Date Date 

(Page 2 of2) 
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Full Name Last Name First Name Middle Name or Initial 
of Inventor t Flamm Danlel L. 

Residence& City State/Foreign Country Country of Citizenship 
Citizenship Walnut Creek Callfornla U.S.A. 

Post Office Post Office Address City State/Country Zip Code 
Address 476 Green View Drive - Walnut Creek Callfornla 94S96 

Full Name Last Name ~~v First Name Middle Name or Initial k, of Inventor 2 Vlnogradov Geor&L_ 

v~~ -
Residence& City State/Foreign Country, Country of Citizenship 

· Citizenship Yamanashi . Japan Russia 

Post Office Post Office Address ..) City State/9<>untry Zip Code 
Address Dragons Mansion Apt. 306 Yamanashi, 400--01 ·Japan 

5860-5 Ryuchl 
Futaba-cho, Kltakomaaun 

Full Name Last Name J First Name Middle Name or Initial 
of fnventor 3 ...l'onevama ""'-·· . ' 

Residence& City J State/Foreign Co!trf Country of Citizenship 
Citizenship Yamanashi Japan Japan 

Post Offic.e Post Office Address City , )'' State/Country Zip Code 
Address S87S-4 Ryuchi Yamanashi, 400-01 Japan 

Futaba-cho, Kitakomagun . 

I further declare that all statements made herein of my own knowledge are true and that all statements made on information and belief 
are believed to be true; and further that these statements were made with the knowledge that willful false Statements and th.e 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 3 

~ 
Daniel L. Flamm Georgy Vlnogradov Shimao Yoneyama 

Date Date ~<;-/1 - /9J-;' Date C>~-IJ -/()flt(' 

(Page 2 of 2) 
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I hereby certify that this correspondence is being 
deposited with the United States Postal Service as 
first clasa mall in an envelope addressed to: 
Assistant Comnissioner for Patents, 
llashington, O.C. 20231, Box Missing Parts 
on 

TOIINSENO and TOIINSEND and CREII LLP 

PATENT 

Attorney Docket No. 16655-000300 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re appl/cation of: . ) 
) 

Daniel L. Flanun, et al. ) 
) 

Application No.: 08/567,224 ) 
) 

File.d: December 4, 1995 , ) 
) 

For: PROCESS DEPENDING ON PLASMA ) 
DISCHARGES SUSTAINED BY ) 
INDUCTIVE COUPLING ) 

Box Missing Parts 
Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

) 

Examiner: Unassigne.d 

Art Unit: Unassigne.d 

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

Applicants petition the Assistant Commissioner of Patents to extend the time for 

response to the Notice to File Missing Parts of Application, date.d February 14, 1996 for three 

months, from March 14, 1996 to June 14, 1996. An appropriate response 10 the notice in the form of 

a Response to Notice of Missing Parts is enclosed herewith. 

Please charge $900.00, pursuant to 37 CFR §1.17, to the Deposit Account No. 20-

1430. Please charge any additional fees or cre.dit overpayment to the above Deposit Account. This 

Petition is submitte.d in triplicate. 

Dated: lJ\ /C)t 
TOWNSEND and TOWNSEND and CREW LLP 
Two Embarcadero Center, 8th Floor 
San Francisco, California 94111-3834 
(415) 326-2400 
RTO:de 
no\work\1665S\3-petexl.une 

Respectfully submitted, 
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I her°eby certify that this correspondence is being 
deposited with the United States Postal service as 
first class mall in an envelope addressed to: 
Assistant Conmisstoner for Patents, 
1/ashington, O.C. 20231, Box Missing Parts 

SEND and TllllllSENO and CREII LLP 

PATENT 

Attorney Docket No. 16655-000300 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of: ) 
) 

Daniel L. Flamm, et al. ) 
) 

Application No.: 08/567,224 ) 
) 

Filed: December 4, 1995 ) 
) 

For: PROCESS DEPENDING ON PLASMA ) 
DISCHARGES SUSTAINED BY ) 
INDUCTIVE COUPLING ) 

Box Missing Parts 
Assistant C9mmissioner for Patents 
Washington, D.C. 20231 

Sir: 

) 

Examiner: Unassigned 

Art Unit: Unassigned 

PETITION TO EXTEND TIME UNDER 37 
CPR §l.136(a) 

Applicants petition the Assistant Commissioner of Patents to extend the time for 

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

months, from March 14, 1996 to June 14, 1996. An appropriate response to the notice in the form of 

a Response to Notice of Missing Parts is enclosed herewith. 

Please charge $900.00, pursuant to 37 CFR §1.17, to the Deposit Account No. 20-

1430. Please cha.rge any additional fees or credit overpayment to the above Deposit Account. This 

Petition is submitted in tripiicate. 

Dated: ti\ 196 
TOWNSEND and TOWNSEND and CREW LLP 
Two Embarcadero Center, 8th Floor 
San Francisco, California 9"4111-3834 
(415) 326-2400 
RTO:de 
rto\work\16655\3-petexl .tme 

Respectfully submitted, 

010 VJ 20-1430 06/13/96 OBS67224 
01145 117 900., OOCH 
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\ (>. \ 
I I hereby certify thtt this corrupondel)c:,, la ~..ilef)o91ted 

with the United Stat;~Qs_tel servi<:'e as (lrst1,~ll In 
an envelope addreueci-¥0: Aulatant Ccnnhaloner for Patents, 
llaahlngton, o.c. 20231, on-----

"'""' . 
j 

By ____________ _ 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of: 

Daniel L. Flamm, et al. 

Serial No.: 08/567,224 

Filed: December 4, 1995 

For: PROCESS DEPENDING ON 
PLASMA DISCHARGES 
SUSTAINED BY INDUC'.fIVE 
COUPLING 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

) 
) 
) 
) 
) 
) 

"Thi 'l),-..iJs, 
Examiner: Unassigned 

Art Unit: 1-Hr J I C><r 

) POWER TO INSPECT AND MAKE 
) ' COPIES 
) 
) 
) 
) 
) 

RECEIVED 
iNOV O. 8 1996 

GROUP 1100 

Please permit Annette Masiello and/or Rayline Pettit to inspect and make 

copies of the above-identified patent application. 

Respectfully submitted, 

Date: JJ/21% 1~ 
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 

- -- -----
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PATENT 
ATTORNEY DOCKET NO. 07931/003001 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant : 
Serial No.: 
Filed 
Title 

Flamm, Daniel L. et al. Art Unit:~ 110'1 
08/567,224 Examiner: C, Ca\ldreatt 
December 4, 1995 , . _ 
PROCESS DEPENDING ON PLASMA,~SC~GES 
SUSTAINED BY .INDUCTIVE COUPLfUG" 

Office of Petitions 'AUG t. 

...:r-;., : .,/!_ ..... i 

L. •• • - , · ~ • 
Commissioner of Patents and Trademarks ~/-':PATENT.~ v,.,. 
Washington, DC 20231 

PETITION UNDER RULE 182 
I 

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 

application by virtue of an assignment from two of t~e inventors 

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

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

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

Because of this conflict, Petitioner believes that the present 

attorney of record cannot act on behalf of all parties in 

interest. 

The dispute arose because Townsend, Townse.nd & Crew 

("Tow~end"), the firm prosecuting the subject application, 
C 

origi~lly told MCE that it represented both MCE (and its two 
"'~ 0 

inve~9 rs) and Flamm. Townsend has unilaterally changed its mind 
V 

and «a~ recently told MCE that it only represents Flamm and is 

OatcoCOcposit f(Qyt.mby- 22 199(, 
I hereby certify undcr37 CPR 1.8(•) thahbi$ corrcspondcnccis 
being c!cpo$itcdwitb the UnitcdStatesPC$bl Service as filst -
mail with sufficient postage on the date indiC8ted above and is 
addressed to the Commissioneror Patent.sand Trademarks, 
Washington, o.c. 20231. 
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unwilling to represent MCE or its assi gnor- inventors in this 

application. 

Accordingly, Petitioner respectfully requests that the 

prior power of attorney -to Townsend, executed by Mr. Vinogradov 

and Mr . Yoneyama, be revoked and the enclosed new power of 

attorney to Fish & Richardson be substituted under 37 CFR 

§3.73(b). 

Petitioner ·respectfully requests that the Office accept 

the attached papers, which constitute a revocation and 

appointment of power of attorney for ·fewer than all applicants 

and owners, and permit the application to be. prosecuted jointly. 

Townsend has refused to join in this petition. 

Enclosed is a check in the amount of $130.00 in payment 

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

any credits, to Deposit Account 06-1050. 

Date: 

Fish & Richardson P , C. 
2200 Sand Hill Road, Suite ·100 
Menlo Park, CA 94025 
Telephone: 415/322- 5070 
Facsimile: 415/854- 0875 

52867.Pll 

R ge 
Reg . 
For Ge 

submitted, 

Shimao Yoneyama and MC 
Electronics co., Ltd. 

2 
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PATENT 
ATTORNEY DOCKET NO. 07931/001001 

IN 

Applicant: 

PATENT AND TRADEMARK OFFICE 

Flamm, Daniel L.; Vinogradov, Georgy; and · 
Yoneyama, Shimao 

Serial No.: 08/567,224 
Filed 
Title 

12/04/95 
PROCESS DEPENDING ON PLASMA DISCHARGES 
SUSTAINED BY INDUCTIVE COUPLING 

Assistant Commissioner for Pate.nts 
Washington, DC 20231 

REVOCATION AND NEW POWER OF ATTORNEY UNDER 37 CFR §3.73(b) 

The undersigned, an authorized representative of MC 

Electronics ~o., Ltd., which has a place of business at 1- 45-1, 

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

interest in the patent application identified above, the 

assignment being transmitted herewith for recordation, hereby 

revokes all powers of attorney previously granted by its 

assignors in this application and hereby appoints: 

Rogers . Borovoy, Reg. No. 20,193 
William J. Egan, III, Reg. No . 28,411 
Reginald J . Suyat, Reg . No. 28,172 
Karl Bozicevic, Reg. No. 28,807 
Rene D. Tegtmeyer, Reg. No. 33,567 
Hans R, Troesch, Reg. No. 36,750 
David Goren, Reg. No. 34,609 
Mark D. Kirkland, Reg. No . 40,048 
Audrey M. Sugimura, Reg. No. 39,848 
Wayne P . Sobon, Reg. No. 32,438 

as its attorneys with full power of substitution and revocation 

to prosecute this application and to transact all business in the 

United States Patent and Trademark Office connected therewith. 

The undersigned has reviewed all the documents in the 

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

-----------.--
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the best of the undersigned's knowledge and belief, title as set 

forth herein in the assignee as identified above . 

The undersigned (whose title is supplied below) is 

empowered to act on behalf of the assignee. 

I hereby declare that all statements made herein of my 

own knowledge are true and that all statements made on 

information and belief are believed to be true; and further that 

these statements were made with the knowledge that willful false 

statements and the like so made are punishable by fine or 

imprisonment, or both, unde.r Section 1001 of Title 18 of the 

United States Code and that such willful false statements may 

jeopardize the validity of the application or any patents issued 

thereon . 

Date: 

50886.Pll 

Respectfully submitted, 

~Ac:? 
~obuak1Matsuo 

President, MC Electronics Co., 
Ltd. 
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PATENT 
ATlf 1 DOCKET NO. 07931/001001 

,.ilGIIIIENT BY THE INVENT<*S 

ASSIGNMENT 
For good end valuable C"'1$ldtretlon, the receipt of ""ich h hereby ecknow(ocf!led, the lrdersi9ned ASS!GNOIIS 
hereby sell, ... 1gn, al"d tr-fer to ASSIGNEE, NC Electronic, Co., ltd., e Japer,ese CorporatiO<I, having Its 
of fl eta located at 1·45·1, Sutultl·Cho Kodaira: shl, Tokyo 1117, J1pen, tnd the succntors, assigns and legal 
representatives of the ASSIGNEE all of thair right, title and Interest for the United States and Its 
territorial possessions and In all foreitlll c°"'tries in and to, arvy end ell i""rov.....,t, in th invention 
entitled: · 

PROCESS DEPENDING OIi PLASMA DISCHARGES SUSTAINED BY INDUCTIVE CCllPlJNG 

and >.flich is found In the so-titled U.S. pat~t application Serial No. 08/567,224 filed on Otc:,;ber 4. 1995. 

and any legal l!qJiv1lent thereof in I foreign cO<l'ltry, including the right to clai• priority and, in ~nd to, 
ell letter, Patent to be obtelned for seld invffition by the above appl I cation or In any contlr-....tion, 
division, eontfnuetion·in·part, ex.teosion or s lJ>stitute thereof, end any l"'tf••ue, ree,cemination or- extension 
of said letters Patont end alt rights under all lntern1tlon1l Conventions for the Protection of lncNStri1l 
Property. 

~ hereby covenant thot no oss igm,ont, s ale, agre.-nt or enc~rance hes beon or >1i ll be made or 
entered into which would ,onfl·ict with .this· assigm,ent. 

~ fur!her covenaot that ASSIGNEE will,...-, Its request. be provided pra,ptly with all perti~t 
facts and doc.-nts relet i l'l9 to soid invention •rd uld letters Patent and legal equivalents as Ny be known 
and ICCt,SSlble to ASSIGNORS and that ASSIGNOIIS will testify es to the S-- In any interference, litigation, 
or proceeding relating theretc; snd will pro,rptly execute u,d deliver to ASSIGNEE c,r its l evel representative 
""Y and all papers, lnstr1111ents or affidlvlts required to apply for, obtain, r.alntain, Issue or enforce sold 
opp\ i cotion, seid Invention and said Letters Pate,,t and said equivalents thereof which NY be necessary or 
des1r,ble to carry O<Jt the purposes thereof. ·An att,orney or record, or the attorney fil Ing the appl lcatlon, 
is authorited and requested by the execution of this assig..,..nt to Insert into· this assigment the execution 
date of the epplication end/or the filing date and seriol nuober of the opplicatlon when officially known. 

~ req.iest the Coomissioner of Potents and Trademcrks to issue s aid Letters Patent of the United 
States and 81\Y reissue or extMSion thereof to the ASSIGNEE. 

Executed th.is 

before me, .,,L.~/A~~.J.-,.2,~~~~~::!~;?;;;:::_=~:-:'.:--c-:--:::".""':::-::7:--::-i--
~rs lly ared Georgy Vinogra v, a onally k to,.. OR proved to""' on tho basis of 
satisfactory evidence to be the person whose""""' is s\bscribed to the within instr...,.nt and ackno>1lcdgcd 10 
mo that he/she executed the s- in h is/her individual capacity. 

PATENT 
REE L: 8289 FRAME: 0 8 8 1 
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PATENT 

' 
Al ET DOCKET NO. 07931/001001 

ASS1GIIMENl 8Y lHE INVEMlo«S 

Executed this Si 91'\ature of Inventor 

c1};J, day of ~'J{. 

State of Ce\ ifornlt. 
ss. 

so,os. fll 

PATENT 
U::COR.DE I) : L 0/28/1 996 RE E L: 8289 FR.A.ME: 0882 
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RICHARDT. OGAWA 
TOWNSEND & TOWNSEND & CREW 
TWO EMBARCADERO CENTER, 8TH FLOOR 
SAN FRANCISCO, CA 94111 

In re Application of 
Daniel L. Flamm et al. 
Application No. 08/5&7,224 
Filed: December 4, 1995 

,For : PROCESS DEPENDING ON PLAS~ 
DISCHARGES SUSTAINED BY INDUCTIVE 
COUPLING 

UNITEL :, / ATES DEPARTMENT OF COMMERCE 
Patent and Trademark Office 
ASSISTANT SECRETARY AND COMMISSIONER OF 
PATENTS AND TRADEMARKS 
Washington, D.C. 20231 

Paper No. 6 

COPYMAILED 
SEP 16',1991· 

ON PETITION 

"1is is a decision on the petition filed November 26, 1996, under 
37 CFR 1 . 182, requesti ng acceptance of a revocation and 
appointment of a power of attorney made on behalf of less than 
all the named inventors . 

The petition is granted. 

The declaration filed June 6, 1996 was signed by inventors Flamm, 
Vinogradov, and Yoneyama, and gave power of attoney to Ogawa, 
Bohler, and Allen of Townsend, Townsend, and Crew LLP (TTC), at 
Two Embarcadero center, 8th Floor, San Francisco CA 94111 as the 
correspondence address of record . 

Petitioner MC Electronics Co, Ltd. (MCE) asserts that MCE is 
assignee of a part interest in the instant application by way of 
an assignment executed by Vinogradov and Yoneyama . Petitioner 
further asserts that TTC has represented to MCE that TTC will 
continue to only represent Flamm, due to a dispute that has 
arisen between MCE and Flamm. As such, petitioner requests that 
Roger Borovoy et al. of Fish and Richardson be permitted to 
represent the interests of MCE by way of Vinogradov, and 
Yoneyama. The petition is accompanied by a revocation and power 
of attorney pursuant to 37 CFR 3.73(b), executed on behalf of 
MCE. 

A copy of the aforementioned assignment of the above- identified 
application appears at Reel 8289 Frames 0881 and 0882. 

F6r the reasons stated above, it would be appropriate to grant 
the relief requested by petitioner. 
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Application No . 08/567,224 Page 2 

However, in order to assure that all interests are properly and 
effectively represented, all further correspondence to the Patent 
and Trademark Office (PTO) must be signed by petitioner's: 
representative (Borovoy et al.) as named in the revocation and 
power of attorney submitted by MCE under 37 CFR 3.73(b) An,g by 
coinventor Daniel L. Flamm, or his representative. Each attorney 
signing subsequent papers must indicate whom he or she 
represents. 

All parties.are rem~nded that dual correspondence is not· 
permitted, and will not be undertaken by the PTO. 

The PTO will continue to conduct correspondence 
attorneys first named in the application, i.e., 
William J. Bohler, and Kenneth R. Allen, at the 
address of record noted above, who will also be 

'coordinating replies or submissions to the PTO. 

with the 
Richard T. Ogawa, 
correspondence 
responsible for 

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. 

~~,f 
Abraham Hershkovitz 
Director, Office of Petitions 
Office of the Deputy Assistant Commissioner 

for Patent Policy and Projects 

cc: ROGERS . BOROVOY 
FISH & RICHARDSON P.C. 
2200 SAND HILL ROAD, SUITE 100 
MENLO PARK, CA 94025 
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UNITED STATES DEPARTMENT OF COMMERCE 
Patent and Trademark Office 
Addre11 : COMMISSIONER OF PATENTS ANO TRAOEMARKS 

Weehington. D.C. 20231 

• - SERIAL NUi~ern· _J A LIHG OA_TE_1::_l~1. - ___ F_i_RS_T NAMED WVW!O_R __ ,_ ----- -· Tirr(,nNt:'r DOCKET NO ' 

08/567 , 224 12/04/95 J:'C~------· .. ··- -·----- - -r,--····-TG655'- ff0-0':r01T· 

020:350 18 N2/1 21 0 
AND CREW 

c-----· liXAMINEll 

LORING,, S 
------· 

TOWNSEND AND TOWNSEND 
TWO EMBARCADERO CENTER 
SAN FRANCISCO CA 94111 

E If;lHTH FLOOR L~P.T UNIT _J _ Plil'F:R NUIABER _ 
1 

1802 'l 

DATE 11.AIL!:0: 
1,2 / 1 0/97 

T','r J' a ccrnr,u:,ca:ion from th.a exam·~, ln:::hJ:g6 of your application. 
(;(lM/1.lSSKJtlcfl or PATENTS ANlFAAt.">EPI.ARKS 

D. Thia appHeatlon has beM examl~ed 0 Reapcnslve to communication flied on _____ _ 0 This action Is made llnal. 

A shortened statutory period for respcnse to this action la set to expire 
1
6 month(s), '3,f daya from the date'of this letter. 

Failure to respcnd within the period for respcnse wlll cause the application to become abandoned. 35 U.S.C. 133 

Part I THE FOLLOWING ATTACHMENT(S) ARE PART OF THIS ACTION: 

1. 0 Notice of References Cited by Examiner, PT0-892. 

S. 0 Nollce of Art Cited by Applicant, PT0-1449. 

2. Q Notice re Patent Drawing, PT0-948. 

'- 0 Notice of Informal Patent Application, Form PT0-152. 

5. 0 Information on How to Effect Drawing Changes, PT0-1474. e. D ----------- ----

Pert I SUMMARY OF ACTION 

1. Bctlllma 
\- ·~o 

- ----------- ------------------ ere pending In theappileatlon. 

Of the above. claims -------------------- - are withdrawn from eonalderatlon. 

2. D Claims - --------------- - ------------- have been cancelled. 

3. 0 Claims - --- - - -------- --- --- - - ---- - --- are allowed. 

4. D Clalm"S - - - ------ --------------------- arere)«ted. 

5. D Claims ------ ------------------------ are objected to. 

.. ~Claims 
1-20 

- ----- --------------- -- are subject to restrlcilon or election requirement • 

7. 0 Thia application has been filed with Informal drawings under 37 C.F.R. 1.85 whl~ are acoeptabkl for examination purposes. 

8. 0 Formal drawings are required In response to Ihle Office action. 

II, 0 The eorraeted or substitute drawings have beM reeelwd on • Under 37 C.F.R. 1.84 theSe drawings· 

are O acceptable. 0 not acceptable<-explanation or Notice re Palent Drawing, PT0-948). 

~ 
10. 0 The proposed additional or aubstltule aheet(a) of drawings, flied on---- --has (have) been D approved by the 

examiner. D disapproved by lhe examiner<- explanation). 

11. 0 The propoeed drawing eorraetlon, filed on------- has been D approved. 0 disapproved (see explanation). 

12.' 0 Acknowledgment la made of the claim for priority under U.S.C. 119. Toe certified copy has O been received O not been received 

0 been flied In parent appllcetlon, serlal1fl0. _________ ; flied on _________ ______ _ 

13. 0 Since this eppllcatlon appears to be lri condition for allowance except for formal matters, prosecution as to the merits la closed In 

accordance with the practice under Ex parte Quayle, 1935 C.O. 11; 453 O.G. 213. 

u. D 0t11er 

EXAMINER'S ACTION 
PTOl-32& (Art. 8-88) 
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SERIAL NUMBER 08/567,224 
ART UNIT 1802 

1. Restriction to one of the following inventions is required under 35 U.S.C. 121: 

I. Claims 1-11, drawn f.9 a process for fabricating a product, classified in class 

216, subclasses 67 and 73. 

II. Claims 12-20, drawn. to an apparatus for fabricating a product, classified in 

class 118, subclass 723R. 

. . 
2. The inventions are distinct, each from the other because: 

2 

Inventions I and II are related as process of making and product ·made. The inventions 

are distinct if either or both of tk.e following can be shown: (1) that the process as claimed 

can be used to make other and materially different proquct or (2) that the product as claimed 

can be made by another and m·aterially different process (MPEP § 806.05(t)). In the instant 

case an apparatus for fabricating a product can be made by other known methods such as 

chemical dry etching or ion-assisted etching. 

3. Because these inventions are distinct for the reasons given above and have acquired a 

separate status in the art as shown by their different classifications, restriction for 

examination purposes as indicated is proper. 

4. Applicant is advised that the response to this requirement to be complete must include 

an election of the invention to be examined even though the requirement be traversed (37 

CFR 1.143). 

5. Applicant is reminded that upon the cancellation of claims to a non-eiected invention, 

the inventorship must be amended in compliance with 37 CFR l.48(b) if one or more of the 

currently named inventors is no longer an i~ventor of at least one claim remaining in the 

application. Any amendment of inventorship must be accompanied by a diligently-filed 

petition under 37 CFR l.48(b) and by the fee required under 37 CFR 1.17(h). 

6. Any inquiry concerning this communication or earlier communications from the 

' I 
I 
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SERIAL NUMBER 08/567,224 3 
ART UNIT 1802 

Examiner should be directed to Susan A. Loring whose telephone number is (703)308-3998. 

If attempts to reach the examiner by telephone are unsuccessful , the Examiner's 

supervisor, James Housel, can be reached on (703) 308-4027. The fax phone number for this 

Group is (703) 308-4242. 

Communications via Internet e-mail regarding this application, other than those under 

35 U.S.C. 132 or ,which othery;ise require a signature,.may be used by the applicant and 

should be addressed to [james.bousel@uspto.gov]. 

All Internet e-mail communications will be made of record in the application file. 

PTO employees do not engage 1n Internet communications where there exists a possibility that 

s-ensitive information could be identified or exchanged' unless the record includes a properly 

signed express waiver of the confidentiality requirements of 35 U.S.C. 122. This is more 

clearly set forth in the Interim Internet .Usage Policy published in the Official Gazette of the 

Patent and Trademark on February 25, 1997 at 1195 OG 89. 

Any inquiry of a general nature or relating to the status of this application or 

proceeding should be directed to the Group receptionist whose telephone number is (703) 

308-0196. 

~@o~ 
PRIMARY EXAMINER 

GROUP1800 

December 9, 1997 
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. O"B\ ~~'1'2.l. ~ 
Attachment -----

. The drawings submitted· with this ~pplication were declared 
informal by the applicant. Accordingly they bave not been 
reviewed by a draftsperson at this time. When formal 
drawings _are submitted, the draftsperson will perform a 
review. 

Direct any inquires concerning drawing review to the Drawing 
Review Branch (703) 305-8404 • 

.. / 

-~ . 

'·· 

' 
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.. 0~\ S'~'l'-'-~ 
Attachment -----

. The drawings submitted· with this ,pplication were declared 
informal by the applicant. Accordingly they bave not been 
reviewed by a draftsperson at this time. When formal ' ' 
drawings arc submitted, the draftsperson will perform a 
review. 

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

i / 

,.r 
:.' . ;;.··. 

..... . 

\ 
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UNITED STATES DEPARTMENT OF COMMERCE 
Patent and Trademark Office · 
Address: COMMISSIIN:R OF PATENTS A1'IJ TRADEMARKS 

Washington, O.C. 20231 

08/567 , 224 12/0-4 /95 
FllJNGOATE 

FLAMM D 16655-000300 
APPIJCATION NUMBER I FIRST-~ 

020350 8M11 /0720 
TOWNSEND AND TOWNSEND AND CREW 
TWO EMBARCADERO CENTER EIGHTH FLOOR 
SAN FRANCISCO CA 941 11 

ATTOANEY DOCl<ET NO. 

LORING, S 
EXAMINER 

164 1 
ART UNIT I PAPER NUMBER J 

~7....:07 8 

DATE MAILED: 

NOTICE OF ABANDONMENT 

This application is abandoned in view of: 

Bf Appllcaht's failure to tlmely file a proper response to the Office letter malled on 12.\,~c \ <:(1 
0 A response (with a Certificate of Malling or Transmission of was received on 

- ---- - -• which is after the expiration of the period for response (including a total extension of 
time o1-month(s)) which expired on--------

0 A proposed response was received on _______ , but it does not constitute a proper response to the final 
rejection. 

(A proper response to a final rejection consists only of: a timely filed amendment which places tne application in 
condition for abowance; a Notice of Appeal; or the fning of a contJnuing application under 37 CFR 1.62 (FWC). 

0 No response has been received. 

0 Applicant's failure to timely pay the required issue fee within.the statutory period of three months from the 11\l!lllng date 
of the Notice of Allowance. 

0 The issue fee (with a Certificate of Mailing or Transmission of ______ _, was received on ______ _ 

0 The submitted issue fee of $-- -is insufficient The issue 'tee required by 37 CFR 1.18 is$ _ _ _ 

0 The issue fee has not been received. 

0 Applicant's failure to timely file new formal drawi~gs as required in'the Notice of Allowabllity. 

0 Proposed new formal drawings (with a Certificate of Malring or Transmission of _______ ) wera 
received on _ _ _____ _ 

0 The proposed new formal drawings filed ________ are not acceptable. 

0 No proposed new formal drawings have been received. 

0 The express abandonment under 37 CFR 1.62{g) In favor of the FWC application flied on ________ _ 

0 The letter of express abandonment which Is signed by the attorney or agent of record, the assignee of the entire 
interest, or all of the appNcants. 

0 The letter of express abandonment which ls signed by an attorney or agent (acting in a representative capacity under 
37 CFR 1.34{a) upon the filing of a continuing application. 

D The decision by the Board of Patent Appeals an,d Interferences rendered on- - - - - -~.UuSse~·lhilpe" .~od 

0 The reason(s) below: 

for seeking court review of the decision has expired and there a~e no allowed claims. ~ 

PRIMARY . R 
FORMPT0-1432 (REV, 11)·95) GROU~j1,\.\\ 

\ 

.\ 
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' · ··! ~'.!i ~•',t,r:r,""' ••• ,"~ • , • , · .,, ••" • ··.:;:' ·-. • • r' \.\-:'1 ,··~ : •. 

REQUEST FOR ACCESS OF ABANDONED APPLICATION UNDER ff CfR 1,14(a) . . ·'-.;"~..;-::,:,.,..~....... • . ... : · ..... 

Auiafllnt Commfaloner for Patents 
Waatdngmn, DC 20231 

lnN~.of · · 
~ . : .. · .. 

Appllcallan Numller 

08 fa jizf 
Group M Unit Eanmw 

Paper No. __ 1.:....._ 

I hereby raqvnt ~ca,a under 37 CFR 1.14{a)(3)(1v) to Iha appllcallon tile Nconf of tha abow­
ldenlllled ABANDONED appllc:8don, which It: (CHECK ON&) 

__:w referred to In United Stafta Patent Numbar (;,{) j / Z, 2 / c:otumn ---• 

_ (B) memid ta in an appllcaUon thalfsopen tapublcinapldlanas seffonhln 37 CFR1.11, l.e~ 
Appllcatlon No.. , llhtd , on page ___ of 
paper number ___ , 

_ (C) lin appllcatlon tNt dalms·the btn!llll of the IDlng date of an appllcallon ihat la ~pen to public 
lnspec:Uo!\ I.a., Applicltlon No. -· flied ·or 

- · 
_ (D) an appUciilon fn wt,lc:h the appNcant h11,ftl1d an authorization to lay open the ~pletl 

appllc:adon to Ille pub6c. 

Please dlntct any comiapondenc:a concerning this request to Iha following address: 

Data 

FOR PTO USE ONLY 
Approved by: _____ _ 

(lnltlala) 

Unit 

•, i. 

·· .. ... ::.:. ... ::7'· 

..:.}·,. 
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:-· · ,·-~,.._...._ ...... ,._.. _ _... • .__._.-_._ ... aa_ , -,~~..:: 
·-· ... , ...... -~~ 

REQUES'TFQR Acces OF ASANDONEJ APPUC.\nDH UNDER 'SI CPR 1.14(a) 
. ' .. 4. . - . .,,. ·~~ 

RtcE\VE.IJ\ .. 
f £0 2 0 200\ \-

Fi\e \nformation IJr.t 
L--- · ·. 

Aaillant Coaiusduim, .. for Pmern:s 
Wunfngmn, DC ZZ31 

· In 111 'W 

~-.· ... 
':° ~ · · - · 

N-

C)@/;6;~f 

PaparNa. 

I hll'8t,y raquauaa:ass undff 37,Cn\ ~.t4(a)(Z)(1v) tam ae;::.:-...:., ~ recc.-:: cf tile accive­
ldamiffed ASANCCNEO appiic:llion. wl!lc:'t is: (Oie-::c ONEl 

~ rafamtd ~ in United !!a?as F2te1:: tlurneer /g0/7,2-.2 / 
_ (B) rritrntd to in an a~c:nfcn lftat ls ocen tO cu:!lc :::sc~:i as ~ t:m in 37 ci:R 1.11.1 .. ~ 
~ No. t'llea on;1:3g11 _ cf 

p!I08t'l'IUfflCIII" -

_ (C) an -.,plleaden tt.at dalms Itta c11n111it ct Ute m!ng c:aia at .n aa-..:=cn tnac is opan to ~Uc: 
lnl;illdfen. Le.. .Ap;f!c:::cn No. :1!!aa · or 

_ CC} an~ in wtlfcn tne ao;:!lc:::m ha rllea an aur:::.-=::c:i t: :.y ~en Itta ~ate 
~ ta cne c,i.i.buc. 

Pluu dfr8c:t any c::cmtScondanc:e c:nc:eming Ul!s ~a.st t.:) ma ft:llc:wmg adc."llss: 

---

Typed or prtntea name 
.=,:~ FTC USE ONI.Y 

---- -- -----
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I hereby ceruty that this corres~eoce Is being deposited with 
the United States Postal Service as first class mail In an envelope 
addressed to: 

PATENT )0- 3 
Attorney Docket No.: 016655-0003-0.0US ~, _,.. 

Assistant Commissioner for Patents, 
Washington, O.C. 20231 

on,~\ S / c9£'.f)\ 
TOWNSEND and TOWNSEND and CREW LLP 

' I' 

By \.µ·" ~ · . 

INTHEUNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of: 

Daniel L. Flamm et al. 

Application No.: 08/567,224 
I 

Filed: December 4, 1995 

For: PROCESS DEPENDING ON PLASMA 
DISCHARGES SUSTAINED BY 
INDUCTIVE COUPLING 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Examiner: 

Art Unit: 

WITHDRAW AL OF 
ATIORNEY OR AGENT UNDER 

' 37 CFR § 1.36 

~ C"\ 

r ~ 
;;:r, = 
0 
0 
:t 

' ( , ' . \. .. 

Pursuant to 37 CFR § 1.36, Townsend and Townsend and Crew LL;P, attorneys for applicant 

hereby withdraws from representation relative to the above-identified patent. Please direct all 

future correspondence regarding the subj~t patent to applicant at: 

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

By:h~;f.~ 

TOWNSEND and TOWNSEND and CREW LLP 
Two Embarcadero Center, 8th Floor 
San Francisco, CA 94111-3834 
Tel (415) 576-0200 
Fax (415) 576-0300 
PA 3135594 vi 

William J. Bohler 
Reg. No. 31,487 
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Reduction Ad cl 199S. no 

PTO/SS/68 (09--06) 
AppfOYod '°' use through 3/31f.Zl)07. 0118 0651-0031 

U.S. Patll'll and Tr-...rt Ofl5co; U.S. DEPARTMENT OF COMMER<:1' 
to I cdedion cl lnfonnallon unlas ft I wild 0118 conltol n..,,bet, 

REQUEST FOR ACCES.S TO AN ABANDONED APPLICATION UNDER 37 CFR 1.14 

Bring completed form to: 
File lnfonnation Unit, Room 2E04 
2900 Crystal Drive 
Arlington. VA 22202-3514 

Telephone: (703) 308-2733 
PaperNo •. _.....,l'-"'2=.='--

I hereby request access under 37 CFR 1.14(al(1)(iv) to the appllcatlon file record of the above-ldentllled ABANDONED 
application, which Is not within the Ille jacketofa pending Continued Prosecution Application (CPA) (37 CFR 1 .. 53(d)) 
and which l.s Identified In, or to which a ben'eflt ls claimed, In the following document (as shown in the attachment): 

United States Patent Application PubHcation No. -----..J page, ___ Nne __, 

United Slates ~atent Nui:n~r .5 1 q·~f D3jcolumn fine, ____ or 

WlPO Pub. No. page line 

Related lnfonnation About Access to Applications Maintained In the Image FIie 
Wrapper System (IFW} and Access to Pending Appllcatlons In General 

A member of the public, acting wilhout a power to inspect. can!)Ot order applications maintained in the IFW system 
through the F.IU. lf the member of the pubflc Is entitled to a copy of the appr1Cat1on file, then the file is made 
available through the Public PatentAppfication lnfonnation R'eb1eval system (Public PAIR) on the USPTO internet 
web site (www.uspto.go\/). Tenninals that allow access to Public PAIR are avaaable in the Public Search Room. 
The member of the pubric may also be entiUed to obtain a copy of aD or part of the application fie upon payment of 
the approptiate fee. Such copies must be purchesed through the Office of Public Records upon payment of the 
appropriate fee (37 CFR 1.19(b)). . 
for published applications that are still pending. a member of the public may obtain a copy of: 

the file contents; the pending appNcation as originally filed; or any document in the file of the pending 
apprication. 

for unpublished aoorications that are stin pending: 
(1) If the benefit of the pencf,ng eppication is claimed undef 35 u.s.c. 11.9(e), 120. 121, or365 in another 

applfcatlon that has: (a) Issued ,s a U.S. patent, or (b) published as a staMory Invention registration, a U.S. 
patent application pubRcation, or an intematlonal patent application pub4ication in accordance wilh PCT 
ArtJcle 21(2), a member of the-pubfic may obtain a copy of: the file <X>nlents; the pending application as 
originally filed; or any document in the file of l!ie pend1ng application. 

(2) i f the applk:ation Is incorporated bv reference or otherwise Identified in a U.S. paten~ a statutory invention 
registration, a U.S. patent app6cation publ'lcation, or an international patent application publ!catior\ In 
accon:fance w!1h PCT Article 21 (21 a member of the public may obtain a copy of the pending application as 
originally filed. 

Typed or prinled name. 

Registration Nll'Tlber. if .appricable 

(7D~) i~~-16~3 
= 

Telephone Number 

This cclledlon cl lnfonnation ls reqlhd by 37 CfR 1.11 and 1.14. Tho ldormation ls required to o!Qln or rel.lin 
USPTO to procea) an oppllcalion. Confldenlafit)' Is gavtmed by ~ U.S.C. 122 and 37 CFR 1.11 and 1.14. Tlis octlon 11 esti-od to take 12 rrinutu to 
CO"l)lete. lnduding galhetlng, _.,sng, a nd 11Jtmding lhl cornplttld appllcallon tom, to the USPTO. Time wll Vlty depending upon lhl lncividual ca,e. Any 
comments on th ... '"°""' cl time you requre to complete Iii• form and/or sugges6ono lor rodudng tlis b<.nlen. lhcud bl llf1t to the CNel-rmatlon Officer, . 
U.S. Palenl Ind Trademl<I< Oftlce. U.S. ~ cl Com-. P.O. 8cx 1'50, AJexandrte. VA 2231~1'50. 00 NOT SEND FEES OR COMPlETED 
FORMS TO THIS AOORESS. BRING TO: Fll1 lnformaOon Unit Room 2E04, 2900 Crystal Drlw, Arlington, Virginia. 

If you need assistance in completing the form, call I ~OO-PT0-9199 and select optio7J 2. 

------------- --
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Under the Pa rwortc Reduction Ace ct 1995. no 

PTO/SBJ68 (02-10) 
Approved t<,r use Uwough07131/2012. 0MB 0651--0031 

U.S. Patont ard Tradomarlt Office: U.S. DEPARTMENT Of COMMERCE 
to a collection cl infoo'nation ul'Ve.SS It dis la a vatld 0MB control numbet. 

REQUEST FOR ACCESS TO AN ABAN_AP.NEO APPLICATION UNDER 37 CFR 1.14 

Bring completed form to: 
In re Application of 

File lnfonnation Uni~ Suite 3A20 
2800 S.Outh Randolph Street 
Arlington, VA 22206 __._- __ ,. •• 

h°'.;.;7-, ,,..,.; 'HI• ·r l 
Application Number 

~--5\1 Telephone: (703~. ~ '\>~ •,,.a.:. • \. ·" ~.t 

~ ADP, o i 'l I Paper No. t:fl fl> 
~ ' ... . 

I hereby request access under 37 CFR 1.14(a)(1)<iv) to the application file record of the above-identified ABANDONED 
application, whiitiJ~ n_ot witti.in the file Jacket of a pending Contlnued Prosecutlon Application (CPA) (37 CFR 1.53(d)) and 
Wl!ich is ldentif~1".tfr. to w~lc_h a benefit Is claimed, In the following document (as shown In the attachment): . \ . 

United States Patent AppHcation Publication No. =-- -,--------· page, ~ --- line ____ _ 

United States Pat~nt Number \£> 0 \ 1 ~~ , column - ----· line, 

VVIPO 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 
th'e FIU. If the member of the public is entitled to a copy of the application file, the.n the file is made available through the 
Public Patent Application lnfonnation Retrieval system (Public PAIR) on the USPTO internet web site (www.uspto.gov). 
Terminals that allow aocess·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 upo"n payment of the appropriate fee. > Such copies must be 
purchased through the Office of Public Records upon payment of the appropriate fee (37 CFR 1.19(b)). 

For published applications that are still pending a member of the public may obtain a copy ot 
the file contents; the pending applie;-tion as originally flied; or any document in the file of the pending application. 

For unpubUshed 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 registraUon. 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 appfication as originally filed; or any 
document In the file of the pending application. 

(2) If the application is incoroorated by reference or otherwjse identified In a U.S. patent. a staMory invention 
registration, a U.S. patent application publication, or an international patent application publication in accordance 

th PCT Article ), a member of the public may obtain a copy of the pending application as originally filed. 

Registration Number, if appficable 

Telephone Number 

Thisc:oOection ol lnlom\alion It required by 37 CFR 1.11 and 1.14, The-It l'O<luired IOobUlinorn•tain a t>enef~ by the pvblic:wl>.,, i> 1'> fie (and oy the USPTO to 
pr0<4$S) an appic:ation. Conlld0<11ialily ii p.,,med by 35 U.S.C. 122 and 37 CFR 1.11 •nd 1.1<. This oollediotl It ellimai.d t,, take 12 minuleSl<>ccmplet.e, lndud,ng 
g.ath4iring, prepari~. and iubmitting lh• completed applicafon form to ht VSPTO. Tlfnt; wt vary c:lependifl9 upon the ind"Mdual caw. Any comments on the amcunl of time 
you tequite to complete this form andl'o, wggestion.s for reducing !his burden, Shoutd be sent to the Chief Information Officer, U.S. Patent and Tradema'1t Office, U.S. 
0e1)811ment of Commen:e. P.O. Box 1450, Alexandria, VA 22313-1450, DC NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. BIIING TO: Fil• 
Information Un,t. Suitt 3A20, 2.800 South Randolph Street. Mlngton., Virginia. · 

If you need assistance in completing the form, ca/11-800-PT0-9199 and select option 2. 
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Under 1he Pa IWOl1< Reduction Ad of 1995. no 

PTO/S8168 (02-10) 
Appn,yed IO<UM llro<,gh 07/31/2012. 0MB 0651--0031 

U.S. Pr.ent and T...SemaritOfflee; U.S. DEPARTMENT OF COMMERCE 
to • c::oGodSon d information unlCSs It dis a valid OM8 con1rol numbet, 

REQUEST FOR ACCESS TO AN ABANDONED APPLICATION UNDE;R 37 CFR 1.14 

Bring comp/Jed form to: 
File Information Unit, su· 
2800 South Randolph S 
Arlington, VA 22206 1 

BY:-·------·••&•• 
I hereby request access under 37 CFR"1.14(a)(1)(1v) to the application file. record of the atiove.Jdentlfled ABANDONED . 
application, which Is not within the file Jacket of a pending Continued Prosecution Application (CPA) (37 CFR 1.53(d)) and 
which is identified in, orto which a benefit is clalme<J, In the "following document (as s~own in the attachment): 

United States Patent Application Publication No. ----------' page, _ ___ line - ----

United Slates Patent Number ~ 0 / 7 :l:J.j , column .,6--'IU~f __ . fine, 

-WIPO Pub. No. ------ ---~ page 
_____ ,line 

Related Information About Access to Applications Jylaintained in the Image File -
. Wrappe,r; ~stern (IFW) and_Access to Pending Appl!cations in General 

A member of the public, acting without a power to inspect, cannot order applications maintained.in the IFW system through 
the FIU. If the member of the public is entitled to a copy of the application file, then the file is made available through the 
Public'P.atent Application lnfonmation Retrieval system (Public PAIR) on the USP.TO internet web site,(www.uspto.gov). 
Terminals that allow access to Public PAIR are available in the Public Search Room. The member oflhe public may also 
be entitled to obtain a copy of all or part of the appfocation file upon payment of the appropriate fee. Such copies must be 
purchased lhroogh the Office of Public Records upon payment of the appropriate fee (37 CFR 1.1g{b)). · 

For published applications that are still pending,"a member of the public may obtain a copy ot. 
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 lhe pending apblicati91) is daimed under 35 U.S.C. 119(e), 120, 121, or 365 in another application 

that ha.s: (a) issued as a U.S. patent, or (b) published as a statutory invention registration, a U.S. paten!· 
application publication, or an international patent applica1lon publicatio.n in accordance with PCT Article 21(2), a 
member of the public may obtain a copy ot the file cont~nts; the pending application as originally filed; ·or any 
document in the file of lhe pending application. 

(2) If the application is incorporated by reference or otherwise identified in a U.S. patenl a statutory invention 
registration, a U.S. patent application publication, ·or an international patent application publication in accordance 
with PCT Article 21 (2). ember of e pubfic may obtain a copy of the pending application as originally filed. 

()1,'~t{ 

Registration Number, if applicable 

7o3 , 5S 3- erfdo 
Telephone Number 

Tlisex>lloelion oflnfonnation Is roqiired by 37 Cffl 1,11 and 1.14. The lnformalicnls required IOobtainOtrelaln a bendn bylhepublicwNc:h ls ti:> Ille (and by the USPTOto 
pt0ecss) on o,opGcr.Jon. ContidonliaJity Is~ by 35 U.S.C. 122 '"1d 37 CFR 1. 11 end 1.1~. TNs ccledlon ls -101.ite 12 minutes to complelo, lncMlrig • 
gathering, pcepanrig, and •-g the~ appl<*llon loon to the USPTO. T1rne will var, depondlng upon lhe'lncfMduaJ case, Any comments on lhe amounc ol Orne 
you ,equl111 lo COITlplete this form ar,J/o, sugges1lont fo, redudrig 1111s burden. sh<ud bo senc to the Chief lnfotrnatlon Olfa.. U.S. Pr.ant and Trademal1< Office, U.S. 
Department ol Comrnon,e, P.O. Box 1450, Alexandria, VA 2231 )-1450. 00 NOT SEND FEES OR COMPLETED FORMS TO 'llilS ADDRESS. BRIOO TO, FIie 
lnfonna:Hon Unit, Suite 3A20, 2800 South Randolph Strfft,,Mlngton. Vfl'glnla. 

If you need assistance in completing the form, cal/ 1-800-PT0-9199 and select optio? 2. 
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Und<,rtlloPa RedudlonAd ol 1995. no 

PTOIS8/ea (02-10) 
~ roru ... Uvough CIT/31/2012. OMB0651.QOJ1 

U.S. Palent and T-Ofl',ar; U.S. DEPARTMENT OF COMMERCE 
to• c::olec:Uon of information unless It dt a valid 0MB contral number. 

REQUEST FOR ACCESS TO AN ABANDONED APPLICATION UNDE;R 37 CFR 1.14 

~:~==· .n J{fZJ· 
28?0 Sou andsl.lR~rlit ~ 
Arlington, 220\, I J' bUl't 

Telephone: ~ -7-56--18_00 ____ _ 

Paper No. -~.._.._ __ _ 

I hereby request access under 37CFR'1.14(aX1)(iv) to the appllcatlon file record of the above-identified ABANDONED 
application, which Is not within the file Jacket of a pending Continued Prosecutlon Application (CPA) (37 CFR 1.53(d)) and 
which·ls Identified In, or to which a bene~t.is clalm"(l, In the 'following document {as shown In the attachment): 

United States Patent Application Publication No. , page, 
I ----------

____ line -----

United States Patent Number ------ -----·· column 
_____ ,Rne, 

WIPO Pub. No. _ _ ___ ___ _ _ , page _ ___ _ . , line 

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

A'member of the public, acting without a power to Inspect, cannot order applications maintained.in the IFW system through 
the FIU. If the member of the public is entitled to a copy of the application file, then the file is made available through the 
Public. P.atent AppOcation Information Retrieval system (Public PAIR) on the US PTO internet web stte (www.uspto.gov). 
Terminals that allow access to Public PAIR are available In the Pubfic Search Room. The member of the public may also 
be entitled to obtain a copy of all or part of the application file upon payment of the appropriate fee. Such copies must be 
purchased through the Office of Public Records upon payment of the appropriate fee (37 CFR 1. 19(b)). • 

For published applications that are still pending ·a member. of the public may obtain a copy ot 
the file contents; the pending application as originally filed; or any dc>cvment in the file of the pending appHcation. 

For unpublished applications that are stili' pending: ,:' 
(1) If the benefit of the pending application is daimed 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 regisltalion, a U.S. patent' 
application)lublication, oran international patent application publicatlo/l in accordance with PCT Artide 21(2), a 
member of the public may obtain a copy ot ,the file cont~nts; the pending application as originally filed; ·or any 
document in the file of the pending application. 

(2) If the application is incorporated by reference or otherwise identified in a U.S. patent, a statutory invention 
registration, a U.S. patent application publication, 'Or an international patent application publication in accordance 
with PCT Article 21 (2), a member of the poblic may obtain a copy of the pending appfication as originally filed. 

V 

Registration Number, if applicable 

.f7!-U-9-(!)t:fJ7o Unit: 

Telephone Number 

Tlu cottectlon ol'rrcfocmationb required by 37 CFR 1,11 end 1:14, Thelnformldionl• requirid loob':ainorretain • benefit b)'\he publewnld, ls to file (tlnd by the USPTO to 
p,oc,,ss)anappfo<*lon. Confideffllolltyisgowmod by3SU,S.C.122 and 37 CFR 1,11 and 1.14. Thi• CX>ledlon isestlmaled <otal<e 12mlnutes tocompe<o, tndvdlng 
gath.e~ng, pceporit,g. and S<Jbmi1fong the a,mpteled applicatlon lonn to tho USPTO. Time wi. vary depending upon t/le lnd,,ldull <ne. Any c:oriimenu on tho ""'°'"" of 11me 
you mquire to (X)f1"fJlele this tom, 8/'ld/ot suggesuc:in, for reducing this burden, should be sent to the Ctuef lnfonnstion Offioer. U.S. Patent and T rademaht Office, U.S. 
Department a Commeice, P.O. Box 1450, Ai=>ndria. VA 22313-1450. DO NOT SEND FEES OR COM/>LETEO FORMS TO nilS ADDRESS. BRING TO: Ale 
lnlom1atlon Unit, Sulla 3A20, 2800 South Randolph Stree~.Artlngton, Virginia. · 

If you need assistance in completing the form, call 1-BQO.PT0-9199 and select option 2. 
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' 

UnderlhcPa Reduc!lon Ad cl 1995, no 

') 

I 

PTO/SBl&a (02·10) 
Apptt>Yedfor .,,., through 11713\/2012. 0MB 08S1-<l0J1 

U.S. Patontan4 Trod«na/1< Office; U.S. DEPARlMENT OF COMMERCE 
nd 1o a a,lledion cl inf<>nno!icn unless k a valid 0MB coottol number. 

REQUEST FOR ACCESS TO AN ABANDONED APPLICATION UNDER 37 CFR 1.14 

Bring completed (om, to: 
File lnfonnaiion Unit. Suite 3A20 
2800 South ·Randolph Street 
Arlington, VA 22206 

')"elephone: {703) 756-1800 

In re ApplicaUon of 

'1 

I hereby request access under 37 CFR'1.14(a)(1)(1v) to the appllcaUon file record of the above-ldenUfied ABANDONED 
application, which Is not within tl)e file Jacket of a pending ConUnued ProsecuUon Application (CPA) (37 CFR 1.53(d)) and 
which ls Identified in, or lo which a bene~t Is claime<!, In the 'following document (as shown In the attachment): 

line United States Patent Application Publication No. ---- --- ---·· page, ---- -----
United States Patent Number C, l/~£//;L , column ~~-- --· line, 

WIPO Pub. No. _ _____ ___ _ ,,page _ _ _ __ ., line 

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

A. member of the public, acting without a power to Inspect; cannot order applications maintained in the IFW system through 
the FIU. If the member of the public is entiUed to a copy of the application file, then the file is made available through the 
Public" Patent Application lnfonnation Retrieval system (Public PAIR) on the US PTO Internet web site (www.uspto.gov). 
Tenninals 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 an or part of the application file upon payment of the appropriate fee. Such copies must be 
purchased through the Office of Public Records upon payment of the appropriate fee (37 CFR 1.19(b)). · 

For published applications that are still pending.·a member of the public may obtain a copy of: 
the file contents; the pending application as oliginally filed; or any dOCIJment In the file of the pending application. 

·For unpublished applications that are still pending: ,. 
(1} If the benefit of the pending application is daimed 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 lntematlonal patent application pubf1Catio11 in accordance with PCT Artide 21(2), a 
member of the public may obtain a copy of. .the file cont,ints; the pending application as originally filed; or any 
document in the file of the pending application. 

(2) If the application is inc;,orporated by reference or otherwise Identified in a U.S. patent. a statutory invention 
registration, a U.S. patent application publication, ·or an international patent application publication in accordance 
with PCT Article 21(2). a member of the public may obtain a copy of the pending appl' lion as originally filed. 

Regisb'ation Number. if applicable 

7tX3, 5S.3-efl{td Unit: 

Telephone Number 

Thi• collec:ticn cllr4om,atJon Is roqlirod by 37 Cl'R 1,11 end 1.14. Tho lnfonna1lonl• roquin,dlOobeainorralainabonef~ by which I• tofilo(endbylho USPTOlo 
pnx:e,$)an applicotlon. Conlidonliolityls llO"'medbyJS U.S.C.122and~7CFR 1.11 and 1.14. Ttlsoollodionls ostlma,edtotake 12minutestoCX>ffl!'Colo. lndudlng · 
gathering, preperlng. ond submlttlng !he completed applicatlot\ lnrm 1o the USPTO. 11me 'Ml va,y depo,,dlng UpOn !he lndMdual case. Any c;omments ct1 tr., a"'°'" cl Ume 
you requl.re Co complete this form and/or sugg<esl$ons for redudng lhis burden. •hcud bo sent to tho Chief lnform8.'llon Offk:er, U.S. Patent end Trademark Office, U.S. 
Deportment cl Cornm«ce, P.O. Box 1450. Aloxandrla, VA 22313-~450. 00 NOT SEND FEES OR COMPI.ETB) FORMS TO THIS ADDRESS. BRING TO: FIio 
lnfomwlon Unit. Suitt :sAZO, 2800 South Randolph $Met. Arllngton. Virginia. 

If you need assistance in completing the form, ca// 1-8()0.PT0-9199 and select optio? 2. 
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' Fl'CllSlllu (04-Q7) 
~"' .,..11vo.,gn SIYYlOlf/. OMS 0&51-<:0:11 

U.S. - .id T.-... Cflia; U.S. OEl"AATMENT CF COMME?.CS 
ID"'""""11D a c:>ladicn dWTlcm!ala, <noss l avadCIW """"1U """1ber. 

REQUEST-FOR ACCESS·TO AN ABANDONED APPLJCATION·UNDER 37 CFR 1.14 

Bring aimp/llted bm I<>: 
Fi<! lnfooT.ation Unit. Room 2E04 
2900 C()'stil Drive 
Arlington, VA 22202..351-4 

Telephone: (703) 308-2733 

I hereby reques1 acxass under 37 CFR 1.1-4{a)(1 )(IV) ta the appllca1ion file r,iccrd of the above-identified ·ABANDONED 
appllc:a1lon, which Is not within the file )acke1 of a pendlng Con"finued Prosecution App0c:a1lon (CPA) (37 CFR 1..5:3{d)) 
;ind whlch is identlfied In. or to whlch a benefit l:s c:Wmed, In the following document (as shown In the attachment): 

Uniied Sta'..es Patent~n Publlcation Ho. __ . - --~ page, ---- ine ~ 

United Stares Patent Numbe( Oi)~]oQ\. c:olurm __ ___, line, ____ or 

WIPO P\Jb. No •. _____ __ page - --J foe ---· 

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

A member of the publlc, ading wfltlout a power to nsped. cannot ord<!r .tpprlCltions maintaned In the IFW sysu!m 
tlvo<Jgh the FlU. tt the member of the p,.broc is entitfed k> a o:,py of the appfica5on file, then the fie is m.ide 
available through the Pubuc Patent Appffcalion lnronnation Retrieval system (Pubfic PAJR) on the USPTO internet 
web site twww.uspt,:,.gov~ Terminals that allow aa:es.s to Public PAJR are avaiable in the Publ'ic Search Room. 
The member of the poor,c may also be entitled to obtain .t copy of al or part of the appllcafion Ille upon payment ·of 
the appl'C)priatl! fee. Such a:pies must be purchased lhroogh the Office of Pubric Record,, upon payment ol the· 
appropriate fee (37 CFR t.19(b)). /-
Fo< pubfished acplic:atioos that i/f4pending. a meimer of lhe pub&: may ol:xain a copy ot 

the lile o:,ntEnts; the pena,ng,app4icalion as originally fifed; or .any document in the me of lhe pencf,ng 
appacation. f / 

Fo< un pubroshed aopic:alioris that are §till pending: I.<:/ 
(t) If the bef,efitot lhe pencf,ng aoplicatioo is darned under 35 U.S.C. 119(e), 120, 121, or 365 in another 

appr,cation that has: (a) issued as a U.S. patent, or {b) published as a statutory i'lvemion registration, a U.S. 
patent applicatioo putlica:5<ln, or an lntl!ma!ional patent appricatlon pubOc:ation in ~=rdance with PCT 
Article 21 (2), a member of lhe pubt!c may obtain a copy at Iii~ Ille contents; 1he ~nding application as 
originally tiled; or any doo.Jment in lhe Ille of the pena,ng ap!)rication. 

(2) If the appGcation is n:o,porated by ref!!= or othe~ ~ntt1\ed In a U.S. patent, a stattrtory nvention 
registration, a U.S. patent appBcation publica1lon, or an irrtema1ional patent application publication n 
a=rdance wit1J PCT Artide 21 (2), a member of lhe pubr,c may cbtain a c:opy of the pending app(lcation as 
originafty liled. () · · 

~- Jl -(S-
Cr.rte 

Regislr.rtion Number. if appricable 

T atephone Nl.rnher 

Tm dloda> d nonn.!cn;. ~ by l7 CFR I. t1 and t . 1'. Th< intcm,ricn is ~lo-· ortc.ain • ccnet1t oy tho publlc wt;ch i."' le (>n>I by Ille 
U-SPTO tfproc!.$1) a, tpgk::at5on. Conlkcnt;;:Bty is S(N"trnet by 3S U.S.C. 122 ind l7(FR 1,l1 r.d 1. 1'.. TluCCISedic::nia u6mated ec lakt 12 ~to 
c:cmptct.e. induding 9~. prep*1ng, at)d rubmt!fng !he canpfde.d a~n !ctm IO lhe us;:rfO. rme Ml VV'/ de-pendlt19 upen !he i,ndl'-1~ case. AITf 
=nmer1:s Ofl lft4 amcui. d dme 70!' te;IM"! IO eanplet.a O'rf.J form vdla' ~ b tedudtiig c,i.s bud en. sl'lould be sent ec ~ Chief ln:fc~ Cffic::ct. 
u.s. P-zttnt ai,d t~·ora. u.s .o~ dCc::mmCl'Q, P.O. Sox 1'!0,Alex:andrfa. VA 22.l13-14SO. 00 NOT 5a'K)FE:ES ~ COMPLETCO 
FO".MS roTHISADOP.SSS. BRING TO: Fue lnform~on Uni~ Room 2EO<, 2900 Cty,tal Driv•, Arfin9ton,'Y1rgfnl•. 
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ID 

REQUEST FOR ACCESS ID .ANADNID(jNED Am..JCATION UNDER l7 CFR 1.14 

Bma,c~-IDI: 
F1le lnlblm~ lmd, &llle.3"20 
2800 south RandlJlllll street 
Alllnglffl, VA 22Zl6 

Te!eptooe: (703} 756-1&00 

lnre~oe 

Daniel L FLAMM 
FUeG 

December 4, 1985 

PapwNc>. _18.._.__ 
I hefwbJ 19qu111hccaa UDC111rS1CFR =1<)11VJblla•Sc t 111• .-i1•l11u110•.,.,_blll0ABAND011BJ 
appnctllon. WIIICll 18 not wtl'Nll 111811• Clf'&paidlllll ~ P1-8an ~(CPA) p7 CF.It 1..5S(UlJ and 
Whlcll 18 ldlltdlned 111. or ID w.bll:ll a llenllllt la clllllrud. l'lllN'hllonlg CIIIICHWlll I• abcMD ll 111• ~ : 

LJni:ea S1ale5 P*nfJ\pplcatlDII P~an Mel. •. page. l rte ----

Unlea State& Paent NllmtB 5,965,,034 Page 1 Item [63] 

Wl?O JU>. 'NO. ________ ._!Jil!P 

56,273 
iiegiiibicinNmnDer. lf~ 

(202) 429-0020, ext. 305 

----·-

Unit 

l'lea:iler3anctt:•,-• ro,qiamc,y37CFR1.1 i in1t..M.1te_.._ __ 1D_iar-..a _ _i,y1te111Mt_,IIID!lel)nSllflteUBPl'Ob 
""""""i,.,.,,u.,_, .. c 1 ,11_,,.,i11735u.a.c. uz _ _ ll7<:Fflt.1t1nn.'IC. --•-111>-12.-.,•-~IIOdlll , ,~s,n:sawv.-...,...111e~.......,"""'•ae.-TO. '11ffle..a,-y...,.......,.....,_cae.J111r-m11fl!:--d­
)<l,l.....,.,ca,1*(1,,.1trm_.__....--a•..-..-1D11o-Clltf-..icnCftlr.u.s,---<llkr.U& 
~cl~P-.O.BX-14!ill,-..,,.VAZZ3D-'14!1ll!OIOl'-1fQ,ll<RCORED;DRlRe'l'Olle/ClDl88..1Rllll1'0: -
~Ulllt. ... _._.....,,.......,......, ............. 

Jt,011 need~ .fl~ 11111! ant, Gill1 f-lJOf>PTC>-01"-0 ~ Q!ll!C1 ()flllOlt 2. 
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Under the Pa 

PTO/S!!/88 (02· 10) 
Appn>','Od for US<! lhnlugh 0713-12. 0MB 0651.()()31 

U.S. Patent and Trademorlt Offlce; U.S. DEPARTMENT OF COMMERCE 
to a collection ol lntonndon unle'.ss l di • vaSd OMS control number, 

REQUEST FOR ACCESS TO AN ABANDONED APPLICA TJON UNDE;R 37 CFR :t .14 

Bring compleied form to: 
File lnfonnation Unit, Suite 3A20 
2800 South.Randolph Street 
Arlington, VA 22206 

"!"el~phone: (703) 756-1800 

' In re Appfication of 

AppficaUon Number 

~ rs t)~'d,t\ 
Filed 

Paper No. _ __,..,__..'-+-­

I hereby request access under 37 CFR.1.14(a)(1)(iv) to the application file record of the above4dentified ABANDONED 
application, which is not within the file Jacket of a pending Continued Prosecution Application,(CPA) (37 CFR 1.53(d)) and 
which is identified in, or to which a bene~t is c(aime<I, (n the ·following document (as shown in the attachment): 

Untted States Patent Appficalion Publicalion No. -'-------- --· page, 

!,lnite,; States Patent Number \) '{ s~ .\ \A 
____ tine - ----

~ CX>h.Jm~ ______ • line, 

WIPO Pub. No. --------~··page _____ ,line 

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

A
0

member of the public, ading without a power to inspect, cannot on:ler appfications mainlaincd.in the IFW system through 
the FIU. ff the member of the public is entitted to a copy of the application file, then the file is made available through the 
Public

0

P.atent Application fnfonnation Retrieval system (Public PAIR) on the l!SPTO internet web site (www.uspto.gov). 
Terminals that allow access to Public PAIR are available In the Public Search Room. Th~ member of the public may also 

· be entiUed to obtain a copy of all or part of the application file upon payment of the appropriate fee. Such copies must be 
purchased through the Office of Public Records upon p,ayment of the appropriate fee (37 CFR 1.19(b)). • 

For published applications that are still pending ·a member of the public may obtain a copy ot 
·the fife contents; the pending application as· originally fifed; or .any document in the file o( the pending application. 

For unpublished applications that are stiil pending: ;;. 
(1) If the benefit of the pending application is daimed under 35 U.S.C. 119(e), 120, 121. Of 365 in another application 

that has: (a) issued as a U.S. paten~ or.(b) published as a statutory invention registration, a U.S. patenr 
application publication, or an international patent application pubficalio11 in accordance with PCT Artide 21(2), a 
member of the public may obtain a copy of. the file contents; the pending application as originally filed; or any 
document in the file of the pending application. 

(2) ff the application is incorporated by reference or otherwise identified in a U.S. patent, a statutory invention 
registration, a U.S. patent application publication, ·or an international patent application publication in accordance 

· PCT Article 2 . a member of the public may obtain a copy of the pending application as originally filed. 

Registration Nu'."ber, if applicable < 
d-~- ~ '"\'S· 'A4 Unit --··--r -. · Telephone Number 

Ttis eoledion ctlnforme1ionl.s reqtJimd by 37 CFR 1,11 end 1.14. The 1nrorrriationb1equlred toobtain«m:ain a benefit by the pubic which is to file (and by the USPTOto 
pro,:.,.s)anapp6callon. Cot,lldcnllolf1yisOO"'med by35 U.S.C. 122and~7CFR 1.11 and 1.H. Tliscoll«:tionls ostlmatedlotaM Hmiw.cs toa,mpele, Inducing 
g.rthcrino, pceperlng.. and submitting the comple\ed eppk:ation form to the USPTO. Timo w;n var, depending upon the lncmdual case, Any comments on the amount c( time 
you ~uftr to oompte.tc this f«m Md/or suggestion, ror ~dud Mg tt-is butden. should be se~ to U\ec Chied Inf~ Ol'ltoer, U.S. Patent and Tr.,,dcmark Offl<:e, U.S. 
Oeparlmcnl d Commerce, P.O. Box 1450, AIOX11ndria. VA '2313-1450. 00 NOT S€M> FEES OR CCMPt.ETEO FORMS TO lHIS ADDRESS. BRING TO: File 
Information Un1t. Suite 3AZO • .2800 Sovth fbt1dolph Strttt. Atl1ngton, Vlrglnla. ' 

If you need assistance in completing the form. cal/ 1-BO(}.PT0-919!1 and select optio? 2. 

---------·· - -·- -
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PTO/S816a (02·10) 
AJ>!)..-<f for USO thn,ugh 07/Jl/2012. 0MB 0651-0031 

U.S. Potent and TradcmotltQffic:,,; U.S. DEPARTMENT OF COMMERCE 
Undef the Pope~ Redud5oo Act of 1995, no -s are ~ to ~pond to a col!ec:6on a lrdonnction twllCn l £..cn1- a vald 0MB eontrof number. 

REQUEST FOR ACCESS TO A N ABANDONED APPLICATION UND~R 37 CFR 1.14 

Bring compleied form to: 
In re Application of 

T ( °'-Y'<'- ""' 
File lnforma~on Unit, Suite 3A20 
2800 Sou1h. Randolph Street 
Arlington, VA 22206 

till APR O 2 20J5 AppreiYs,~ I l. 1.<.{ I Filed 

Teiephone: {703) 756-1800 ' ''-1 L/0\~ 
BY: ___________ 

Paper No. ,~fJ 
I hereby request access under 37 CFR1.14!a)(1)(Iv) to the appllcatlon file record of the above-identified ABANDONED 
application, which Is not within the file jacket of a pending Contlnued Prosecutlon Application (CPA) (37 CFR 1.53(d)) and 
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