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_ Attorney Docket No.: ZON-_003

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

APPLICANT: Roman Chisryakov

SERIAL NO.: 10/065,739 GROUP NO.: 1753

FILING‘: DATE: November 14, 2002 EXAMINER: McDonald, Rodney G.
TITLE: HIGH DEPOSITION RATE SPUTTERING

Commissioner for Patents

Alexandria, Virginia 22313-1450

AMENDMENT AND RESPONSE

Sir:

The following amendments and remarks are responsive to the Office Action mailed on

May 20, 2004 in the above—identified patent application. Entry and consideration of the

Following amendments and remarks, and allowance of the claims, as presented, are respectfully

requested. A Petition for a two—month extension of time, up to and including October 20, 2004

is submitted herewith. The Commissioner is hereby authorized to charge the extension fee,

additional claims fee, and any other proper fees to Attorney's Deposit Account No. 501211. A

Please note that a Supplemental Infonnation Disclosure Statement was filed for this case

on July 2, 2004 citing references found in an Intemational Search Report for the corresponding
PCT application.

Please enter the following amendments and consider the remarks that follow.
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Amendments to the Claims:

Please amend claims 1, 4, 5, 6, 8, 12,16, l9, 20, 21, 25, and 27-30, cancel claims 3 and

18 without prejudice, and add claims 31-42 as follows.

1. (currently amended) A sputtering source comprising:

a cathode assembly that is positioned adjacent to an anode, the cathode assembly

including a sputtering target;

an ionization source that generates a weakly-ionized plasma from a feed gas proximate to

the anode and the cathode assembly; and

a power supply that generates a voltage pulse $%fiw bemeei1 the _ _

anode and the cathode %se111bly fl1_a_t create_5 ing a strongly-ionized

plasma from the weakly-ionized plasma, an amplitude and a rise time of the voltage pulse

being chosen to increasem%Hm as adensity of

ions in the strongly-ionized plasnia  h£noLigl1 to‘

generate sufficient thermal eiiergry in the sputtering target to cause a sputtering yield 9&7

to be non-linearly related to a temperature of the sputtering target.

2. (on'ginal) The sputtering source of claim 1 wherein the electric field comprises a quasi—i
static electric field.

3. (cancelled).

4. (currently amended) The sputtering source of claim 3 l further comprising a gas flow

controller that controls a flow of the feed gas so that the

feed gas dillnses fl1e iefl?mw.-

strongly-ionized plasma;

 
5. (currently amended) The sputtering source of claim 3Lei;

the feed gas allows additional power to be absorbed by the stron gly ionized plasma,

thereby generating additional thermal energy in the sputtering target.ex 
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6. (currently amended) The sputtering source of claim 1 wherein the thermal energy

generated mthe sputtering target does not

substantially increase an average temperature of the sputtering target.

7. (original) The sputtering source of claim 1 further comprising a magnet that is positioned

to generate a magnetic field proximate to the weakly-ionized plasma, the magnetic field

substantially trapping electrons in the weakly-ionized plasma proximate to the sputtering

target.

8. (currently amended) The sputtering source of claim 1 wherein the voltage pulse

generated between the anode and the cathode asscmb1y m 

excites atoms in the wea.kly—ionized plasma and generates secondary I

electrons from the cathode assembly, the secondary electrons ionizing the excited atoms,

thereby creating the strongly-ionized plasma.

9. (original) The sputtering source ‘of claim 1) wherein the power supply generates a «

constant power.

10. (original) The sputtering source of claim 1 wherein the power supply generates a

constant voltage.

ll. (original) The sputtering source of claim 1 wherein the ionization source is chosen from

the group comprising an electrode coupled to a DC power supply, an electrode coupled to

A an AC power supply, a UV source, an X-ray source, an electron beam source, an ion

beam source, ‘an inductively coupled plasma source, a capaoitively coupled plasma

source, and a microwave plasma source.

12. (currently amended) The sputtering source ofclaim 1 wherein a rise time of the electric

field voltage pulse is chosen to increase an ionization rate of the strongly-ionized plasma,

13. (original) The sputtering source of claim 1 wherein the weakly-ionized plasma reduces

the probability of developing an electrical breakdown condition between the anode and

the cathode assembly.

14. (original) The sputtering source of claim 1 wherein the strongly-ionized plasma is
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substantially uniform proximate to the cathode assembly.

15. (original) The sputtering source of claim 1 wherein a distance between the anode and the

cathode assembly is chosen to increase an ionization rate of strongly-ionized plasma.

16. (currently amended) A method for high deposition rate sputtering, the method

comprising:

ionizing 21 feed gas to generate a weakly-ionized plasma proximate to a cathode assembly

that comprises a sputtering target; and

applying a voltage 13ulse to the cathode assembly to generate generating a strongly-

ionized plasma from the weakly-ionized plasma, an amplitude and a rise time of the

voltage pulse being chosen so that ions in the strongly-ionized plasma

 eng+aget tergenerate sufficient thermal

energy in the sputtering target to cause a sputtering yield to be

non—linearly related to a temperature of the sputtering target, thereby increasing a

deposition rate of the sputtering.

17. (original) The method of claim 16 further comprising generating 21 magnetic field

proximate to the sputtering target, the magnetic field trapping electrons proximate to the '

sputtering target.

18. (cancelled).

l9. (currently amended) The method of claim -1-3 l_6 wherein the eleetrie-Field voltage pulse

applied to the cathode assembly generates excited atoms in the weakly—ionized plasma

and generates secondary electrons from the sputtering target, the secondary electrons

ionizing the excited atoms, thereby creating the strongly-ionized plasma.

20. (currently amended) The method of claim 16 fuither comprising &M

diffusing the weakly—ionized plasma with a volume of the feed gas while ionizing the

volume of the feed gas to create an additional volume-ef-the-weakly-ionized plasma.

21. (currently amended) The method of claim l6 Further comprising eM'

diffusing the strongly—ionized plasma with 21 volume of the feed gas while applying the
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voltage pulse to the cathode asse1nbly to generate an additionalw 

strongly-ionized plasma from the volume of tlie feed gas.

22. »(original) The method of claim 16 wherein the peak plasma density of the we-.1kly~

ionized plasma is less than about 1012 c1n'3.

23. (original) The method of claim 16 wherein the weakly-ionized plasma reduces the

probability of developing an electrical breakdown condition.

24. (original) The method of claim 16 wherein the ionizing the Feed gas comprises exposing

the feed gas to one of a static electric field, an AC electric field. a quasi-static electric

« field, 21 pulsed electric field, UV radiation, X—Iay radiation, an electron beam, a11d an ion

beam.

25. (currently amended) The method of‘ claim 16 wherein the

ions in the stron l -ionized lasma causes at least a portion of a

surface layer of the sputtering target to evaporate.

26. (original) The method of claim 16 wherein the peak plasma density of the strongly-

ionized plasma is greater than about 10” cm‘3.

27. (currently amended) A sputtering source comprising:

21 cathode assembly that is positioned adjacent to an anode, the cathode assembly

including a sputtering target;

an ionization source that generates 21 weal<ly—ionized plasma from a feed gas £R9m—a—1‘—ia=st

 proximate to tl_1e_ar_ipd_e_:_efil the cathode assembly;

a power supply that generates a 'voltag_e pulse between the

anode and the cathode assembly that creates a strongly-ionized plasma from the weakly-

ionized plasma, an amplitude and a rise time of the voltage pulse being chosen to increase

— gi_gp the strongly-ionized plasma enou ' h to enerate sufficient thermal

ener in the S utterin tar et to cause a s utterin ield to be non-linear} related to a

temperature of the sputtering target and

a gas controller feeereehaagiag that controls a flow of the feed gas to the strongly—ionized

plasma to facilitate the creation of additional ions 
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