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AMENDMENT AND RESPONSE
Sir;

The following amendments and remarks are responsive to the Office Action mailed on
January 15, 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 fora two—month extension of time, up to and including Tuesday, June 15,

2004 is submitted herewith. The Commissioner is hercby authorized Lo charge the extension fee,

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

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, 19, 21, 25, and 27-30, cancel claims 3 and 18
without prejudice, and add claims 31-39 as follows.

1. (currently ameuded) A sputtering source comprising:

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

including a sputtering target;

an jonization source that generates a weakly-ionized plasma proximate to the anode and

the cathode assembly; and

a power supply that generales a vnltage'pulgg thet preduees-an-electrie-field-between the
anode and the cathode assemblysthe-electrie-field that createsing a strongly-ionized

plasma from the weakly-ionized plasma, an amplitude and a risc time of the voltage pulse ‘
being chosen to increase the-stronglyionized plasma comprising a volume-density of ions
in the atrongly-ionived plasma that impact-the-spattering target-which-cnough to generate
sufficient thermal energy in the sputtering target to cause a sputtering yield of the -

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

2. (original) The sputtering source of claim 1 wherein the ¢lectric field comprises a quasi-

static electric field.

3 (cancelled).

4. (currently amended) The sputtering source of ¢laim 3 1 further comprising a gas flow
controller exchange means-for exchanging that controls a flow of fecd gas to the strongly-
jonized plasma, the additional feed gas allowing additional power to be absorbed by the

mpae&ng—ehwﬁae&e%ﬂ%&%mﬂﬁ%&—thmby generating additional thermal
energy in the sputtering target.
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Amendments to the Claims:
Please amend claims 1, 6, 7, 20, 34, and 40 and add claims 41-48 as follows.
L. (currently amended) A magnetically ¢nhanced spultering source comprising:
a) an anode;

b) a cathode assembly that is positioned adjacent to the anode and-forminga-gap
therebetween, the cathode assembly including a sputtering target;

c) an ionization source that generates a weakly-ionized plasma proximate to the

anode and the cathode assembly;

d) a magnct that is positioned to generate a magnctic field proximate to the weakly-
ionized plasma, the magnetic field substantially rapping electrons in the weakly-

ionized plasma proximate to the sputlering target; and

e) a power supply generating a voltage pulse thal produces an electric ficld between
the cathode asscmbly and the anode, across-the-gepthe-eloctrie-field an amplitude
and a risc time of the voltage pulse being chosen to increase an excitation rate of
ground state aloms that are present in the weakly-ionized plasma to create a multi-
step ionizalion process that generates a strongly-ionized plasma from the weakly-
ionized plasma, the multi-step ionization process comprising exciting the ground

statc atoms to generate generating excited atoms, and then ip-the-wealkdy-ionized

scoondary-eleetrons ionizing the excited atoms within the weakly-ionized plasma
to-thereby-creatinga-strongly-ionized plasma hewvang create ions that impeeta
surface-of the sputter target material [rom the sputtering target.te-generate
spatberrs e

2 (original) The sputtering source of claim 1 whercin the power supply generates a

constunt power,
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3.

10.

11.

12.

(original) The sputtcring source of claim 1 wherein the power supply generates a

constant voltage.

(original) The spuilering source of claim 1 wherein the electric ficld compriscs a quasi-

static electric field.

{original) The spultering source of claim 1 wherein the electric field comprises a pulsed

eleciric field.

(currently amended) The sputtering source of claim 1 wherein a the rise ime of the
yoltage pulse eteetric-field is chosen to increase the ionization rate of the excited atoms in

the weakly-ionized plasma.

(currently amended) The sputtering source of claim 1 wherein the weakly-ionized
plasma gas reduces the probability of developing an eleetrical breakdown condition
between the anode and the cathode assembly.

(original) The sputlering source of claim 1 wherein the ions in the strongly-tonized
plasma impact the surface of the sputteting target in a manner that causes suhslannally

uniform erosion of the sputtering larget.

(original) The sputtering source of claim 1 wherein the strongly-ionized plasma is

substantially uniform proximate to the sputtering target.

(original) The sputtering source of claim 1 further comprising a substrate support that is

positioned in a path of the sputtering flux.

(original) The sputtering source of claim 10 further comprising a temperature controller

that controls the tempcrature of the substrate support.

(original) The sputtering source of claim 10 further comprising a bias voltage power

supply that applies a bias voltage to a substrate that is positioned on the substrate support.
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13. (original) The sputtering source of claim 1 wherein a volume between the anode and the
cathode assembly is chosen to increase the ionization rate of the excited atoms in the

weakly-ionized plasma.

14. (original) The sputtering source of claim 1 whercin the ionization source comprises an
electrode.
15. (otiginal) The sputtering source of claim 1 wherein the ionization source comprises a DC

power supply that generates an electric field proximate to the anodc and the cathode

asscmbly.

16.  (original) The sputtering source of claim 1 wherein the ionization source comprises an
AC power supply that generates an clectric field proximatc to the anode and the cathode

assembly.

17. (original) The sputtering source of claim 1 wherein the jonization source is chosen [rom
the group comprising a UV source, an X-ray source, an electron beam source, and an ion

becam source.

18.  (original) The sputtering source of claim 1 wherein the magnet comprises an electro-

magnet.

19.  (original) The sputtcring source of claim 1 wherein the sputtering target is formed of a
matcrial chosen from the group comprising a metallic material, a polymer material, a
superconductive material, a magnelic material, a non-magnetic material, a conductive
material, a non-conductive material, a composite malerial, a reactive malerial, and a

rcfractory material.
20.  (currently amended) A method of generating sputtering flux, the method comprising:

a) jonizing a feed gas to gencrate a weakly-ionized plasma proximate to a sputtering

target;
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21.

22.

23.

24.

25.

b) generating a magnetic field proximate to the weakly-ionized plasma, the magnetic
field substantially trapping clectrons in the weakly-ionized plasma proximate to
the sputtcring target; and

¢) applying an-eleetrie-feld a voltage pulse to the weakly-ionized plasma, an
amplitude and a rise time of the voltage pulse being chosen to increase an
gXcitation rate of ground state atoms that are present in the weakly-ionized plasma
lo create 2 multi-step ionization process that generatces a strongly-ionized plasma
from the weakly-ionized plasma, the multi-step ionization process comprising
exciting the ground state atoms to gengrate excited that-excites atoms, and then

eleetrens-ionizing the excited atoms within the weaklx-;gggggg g!asma to -thereby
eseatinga-stronghy-ienized plasma-heving create jons that impaeta-surface-ofthe
sputter target material from the sputtering target, to-generate-sputtering-fhae:

(original) The method of claim 20 wherein the applyng the electric ficld comprises a

applying a quasi-static clcctric field.

(original) The method of claim 20 wherein the applying the electric field comprises
applying a substantially uniform electric field.

(original) The method of claim 20 whercin the applying the electric ficld comprises

applying an ¢lectrical pulse across the weakly-ionized plasma.

(original) The method of claim 23 further comprising selecting at least one of a pulse
amplitude and a pulsc width of the electrical pulse that increases an ionization rate of the

strongly-ionized plasma.

(original) The method of claim 23 further comprising selecting at least one of a pulse
amplitude and a pulsc width of the electrical pulse that reduces a probability of

developing an elcetrical breakdown condition proximate to the sputtering target.
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26.

27.

28.

29,

30.

3L

32

33,

34.

35.

36.

{original) The method of claim 23 further comprising selecting at least one of a pulse
amplitude and a pulse width of the electrical pulse that causes the strongly-ionized

plasma to be substantially uniform in an area adjacent to a surlace of the sputtering target.

(original) The method of claim 23 wherein the electrical pulse compriscs 2 pulse having

a current density that is grcater than 1A/em?,

(original) The method of claim 23 wherein the electrical pulse compriscs a pulse having

a pulse width that is greater than 1.0 microseconds.

(original) The method of claim 23 wherein the electrical pulse comprises a pulse train
having a repetition ratc that is substantially between 0.1Hz and 1xHz.

(original) The roethod of claim 20 wherein the ions in the strongly-ionized plasma

impact the surfacc of the sputtering targetin a substantially uniform manner.

(original) The method of claim 20 wherein the strongly-ionized plasma is substantially

uniform proximate to the sputtering target.

(original) The method of claim 20 wherein the peak plasma density of the weakly-

ionized plasma is less than about 102 cm™.

(original) The method of claim 20 wherein the peak plasma density of the strongly-

ionized plasma is greater than about 10" em™.

(currently amended) The mcthod of claim 20 further comprising forming a film from-the
sputtering-fuse on a surface of a substrate from the material sputtered from the sputtering
targct.

(original) The method of claim 34 further comprising controlling a temperature of the

Glm.

(original) The method of claim 34 further comprising applying a bias vollage to the film.
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37.  (original) The method of claim 20 wherein the ionizing the feed gas comprises exposing

the feed gas to an electric field.

38.  (original) The method of claim 20 wherein the ionizing the feed gas comprises exposing

the feed gas to an clectrode that is adapted to emit electrons.

39.  (original) The method of claim 20 wherein the ionizing the feed gas comprises exposing
the (eed gas to at least one of a UV source, an X-ray source, an electron beam sourcc, and

an ion beam source.

40.  (currenily amended) A magnetically cnhanced sputlening source comprising:

a) means for ionizing a feed gas to generatc a weakly-ionized plasma proximate to a
spultering target;
b) means for generating a magnetic ficld proximate to the weakly-ionized plasma,

the magnetic field substantially trapping electrons in the weakly-ionized plasma
proximate to the sputtering larget; and

c) means for applying an-eleetie-ficld g voltage pulse to the weakly-ionized plastna,

an amplitude and a ris¢ time ol the vollage pulse being ¢hosen to increase an

excitation rate of ground state atoms that are prescnt in the weakly-ionized plasma

10 create a multi-step ionization process thal generates a stronglv-ionized plasma
from the weakly-ionized plasma, the multi-step ionization process cOmPprising

exciting the ground state atoms to generate excited that-exeites atoms, and then

eleetrons-ionizing the excited atoms within the wcakly-mmzed p]asma to thereby
mﬂg_ﬁgeng}yammd—ph&mﬂ-hﬁ% creatc ions that #ppact-a-surface-ofthe
sputler larget material from the sputtering target, to-generato-sputtering fhux:

41.  (ncw) The spustcring source of claim 1 wherein the cathodc assembly and the anodc are

positioned so as to form a gap therebetween.
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42,

43.

45,

46.

47.

48,

49,

50.

{new) The sputtering source of claim 1 wherein the weakly-ionized plasma is generated

from a feed gas that comprises the ground state atoms.

(new) The sputtering source of claim 1 wherein the excited atoms within the weakly-
ionized plasma are ionized by electrons to creatc the ions that sputter material from the

sputlering larget.

(rew) The sputtering source of claim 1 wherein the rise thne of the voltagc pulse is

approximately betwecn 0.01 and 100V/psec.

(new) The spullening source of claim 1 wherein the amplitude of the voltage pulse 1s
approximately between 100V and 30kV.

(new) The method of claim 20 wherein the weakly-ionized plasma is gencrated from a

feed gas that comprises the ground state atoms.

(new) The method of claim 20 wherein a duration of the weakly-ionized plasma is

approximately between one microsecond and one hundred scconds.

(new) The method of claim 20 wherein the ionizing the excited atoms within the weakly-
ionized plasma to crecate ions that sputler material from the sputtering target comprises. .

ionizing the excited aloms with electrons.

{new) The method of elaim 20 wherein the rise time of the vollage pulse is

approximately between 0.01 and 100V/uscc.

(new) The method of claim 20 wherein the amplitude of the voltage pulse is

approximately between 100V and 30kV.
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REMARKS

Pending Claims:

Claims 1-50 are currently pcading in the present application. Claims 1, 6, 7, 20, 34,
and 40 are amended by the present Amendment. Claims 41-50 are added by the present
Amendment. No new matter is added by these amendments, Upon entry of the present
Amendment, reconsideration of claims 1-40 and cousideration of ncw claims 41-50 is

respectfully requested.

Reiections under 35 U.S.C. §102(b) As Being Anticipated by Kouznetsov:

Claims 1, 5-10, 13, 14, 16, 19, 20, 22-31, 34, 37, 38, and 40 arc rejected under 35 U.S.C.
§102(b) as being anticipated by Kouznetsov (W098/40532) (hereinafter “Kouznetsov™).
Independent claims 1, 7, 20 and 40 are herein amended to more clearly recite the invention. No

new matter {s added by these amendments.

To anticipate a claim under 35 U.S.C. §102, a single reference must tcach every aspect pf
the claimed invention either explicitly or impliedly. Any feature not dircctly taught by the
refercnee must be inherently present in the reference. Thus, a claim is anticipated by a reference
only if each and every ¢lement of the claim is described, either expressly or inherently, in a

single prior art reference.

Independent Claim 1 and Dependent Claims 5-10, 13, 14, 16, and 19

The Applicant respectfully submits that Kouznetsov docs not describe each and every
element of independent claim 1 as currently amended. Independent claim 1 has been amended (o
recite a magnetically enhanced sputtering source having a power supply that generates a voltage
pulse that produces an electric field between an anode and a cathode assembly. An amplitude
and a rise time of the valtage pulse is chosen to increase the excitation rate of ground state atoms
that are present in the weakly-ionized plasma to creatle a multi-step ionization process. The
multi-step ionization process includes cxciting the ground state atoms to generale excited atoms,
and then ionizing the excited atoms in the weakly-ionized plasma. This amendment is supportcd

by the originally-filed specification of the present application. See, for example, paragraphs 59-
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69 of the originally-filed specification. The Applicant submits thal no new matter is added by

the amendments to independent claim 1.

The Applicant believes that there is no description in Kouznetsov of a power supply that
generates a voltage pulse having an amplitude and a rise time that are chosen to incrcasc an
excitation rate of ground state atoms that are present in a weakly-ionized plasma to generatc a
multi-stcp ionization process. Instead, the Applicant believes that the pulsed power source

described in Kouznetsov generstes a gas having a fully jonized state using a single-step

.

ionizalion process. According to Kouznetsov, the pulsed power source used in his apparatus
provides “pulses in such a way, i.e. that so much power is developed in each pulse, that in the
application of such a pulse, for a very short time during the start of the pulse, the statc of the gas
located at the region in which the clectrons are trapped by the magnetic field will very rapidly
reach a fully ionized statc...” See, for cxample, Kouznetsov page 5, lines 1-4. The application
oFa very large voltage pulse (2,000 Volts) having a fast rise time appears t0 fully ionize the gas
by direct ionization from electrons located in the region having crossed electric and magnetic

fields. See, for example, Kouznetsov page 12, lines 22-26.

The Applicant respectfully submits that there is no description in Kouznetsov of a power
supply that generates a voltage pulse which creates a multi-step ionization process that includes
generating excited atons from ground statc atoms that are present in the wecakly ionized plasma,
and then ionizing the cxcited atoms in the weakly-ionized plasma as claimed in amended claim
1. Instcad, the Applicant believes that the jonization process described in Kouznetsov is a

singlc-step ionization process known as direct ionization hy eleciron impact.

In view of the above remarks, the Applicant respectfully submits that Kouznetsov docs
not deseribe each and every element of independent claim 1 as currently amended, cither
expressly or inherently. Therefore, the Applicant submits that Kouznetsov does not anticipate
independent claim 1 as currently amended under 35 U.S.C. §102(b). Thus, the Applicant
submits that independent claim 1 as currently amended is allowablc. The Applicant also submits
that dependent claims 5-10, 13, 14, 16, and 19 are allowable as dependng from an allowable

base claim.
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Independent Claim 20 and Depepdent Claims 22-31, 34, 37. and 38

The Applicant respectfully submits that Kouznetsov does not describe each and every
clement of independent claim 20 as currently amended. Tndependent claim 20 is herein amended
{o recite the step of applying a voltage pulse to the weakly-ionized plasma. An amplitude and 2
risc time of the voltage pulse are chosen to increase an excitation rate of ground state atoms in
the weakly-ionized plasma to creatc a multi-step ionization process. The multi-step 1onization
process generates excited atoms from ground state atoms in the weakly-ionized plasma, and then
jonizes the excited atoms in the weakly-tonized plasma. This amendment is supported by the
originally-filed specification of the present application. See, for example, paragraph 59-69 of the
originally-filed specification. No ncw matter is added by the amendments to independent claim
20.

The Applicant believes that there is no description in Kouznetsov of a method of
generating a strongl y-ionized plasma using a multi-step jonizalion process as claimed in
amended claim 20. Instead, as previously discussed, the Applicant believes that Kouznetsov
describes a single-step ionization process whereby the application of a very large voltage pulse.
having a fast rise time creales & gas having a fully ionizcd state (See page 12, lines 22-26). The
Applicant believes that the large voltage pulse described in Kouznetsov ionizes the gas by direct

ionization from electrons located in the region of crossed electric and magnetic fields.

In view of the above remarks, the Applicant respectfully submits that Kouznetsov
does not describe each and every clement of independent claim 20 as currently amended,
either expressly or inhcrently. Therefore, the Applicant submits that Kouznetsov does not
anticipale independent claim 20 as currently amcnded. Thus, the Applicant submits that
amended independent claim 20 and dependent claims 22-31, 34, 37, and 38 are allowable
under 35 U.S.C. §102(b).

Reijections under 35 U.S.C. §102(b) as Being Anticipated by Mozgrin:

Claims 1,4, 5,7, 13,14, 16, 19-25, 27-29, 32, 33, 37, and 40 are rejected under 35
U.S.C. §102(b) as being anticipated by Mozgrin ¢t al. entitled “High Current Low-FPressure
Quasi-Stationary Discharge in a Magnetic Ficld: Experimental Research”, Plasma Physics
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Reports, Vol. 21, No. 5, 1993, pp. 400-409 (hereinafler "Mozgrin™). Independent claims 1,20 -
and 40 are herein amended to morc cleatly recite the invention. No new matter is added by these

amendments.

To anticipate a claim under 35 U.S.C. §102, a single reference must teach every aspect of
the claimed invention either expiicitly or impliedly. Any feature not directly taught by the
reference must be inherently present in the reference. Thus, a claim is anticipated by a reference
only if each and every element of the claiin is described, cither expressly or inherently, ina

single prior art reference.

Indcpendent Claim 1 and Dependent Clajims 4, 5. 7, 13, 14,16, and 19

The Applicant respectfully submits that Mozgrin does not describe each and every
clement of independent claim 1 as currently amended. Independent ¢laim 1 has been amended to
recite a power supply generating a voltage pulse that produces an electric field between a ‘
cathode assembly and an anode. The voltage pulse has an amplitude and a risc time that are
chosen to increase a rate of cxcitation of ground state atoms present in the weakly-ionized
plasma to create a multi-step jonization process. The multi-step ionization process gencrates a
strongly-ionized plasma from the weakly-ionized plasma by first exciting ground state atoms 0
penerate excited atoms, and then by jonizing the excited atoms in the weakly-ionized plasma.
This amendment is supported by the originally-filed specification of the present application.

See, for example, paragraphs 59-69 of the originally-filed specification. The Applicant submits
that no new matter is added by the amendments to independent claim 1.

The Applicant believes that there is no deseription in Mozgrin of a power supply that
generates a voltage pulse baving an amplitude and a rise time that are chosen to incrcase the
excitation rate of ground state atoms present in the weakly-ionized plasma to create a mulli-
slep ionization process. Instead, the Applicant believes that Mozgrin describes a pulsed
discbarge supply unit that generates a plasma with a prior art direct ionization process using

very high-power pulses.

The Applicant believes that the quasi-stationary discharge described in Mozgrin is

formed with a prior art ionization proccss known as direct jonization by eleciron impact and
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does not use the multi-step ionization process of the present invention. For example, the
current and voltage characteristics (CVC) shown in FIG. 4 of Mozgrin indicate to the
Applicant that the quasi-stationary discharge deseribed in Mozgrin is formed by direct
ionization. The CVC shown in FIG. 4 of Mozgrin inciudes four parts.

Part 1 of the CVC shown in FIG. 4 of Mozgrin is a low current (0.2A) discharge
regime Lhat is a pre-ionization stage of the quasi-stationary discharge. The pre-ionization
stage is generated using a high-voltage power supply unit that produces a high-voltage, low-
current discharge between two electrodes to create 2 pre-ionized plasma. The pre-ionized

plasma includes jons that are generated by a typical direct ionization process.

Part 2 of ihe CVC shown in FIG. 4 of Mozgrin is a high-current, high-voltage
discharge regime having a discharge current {hal is in the range of 0.2A-15A and a discharge
voltage that is in the range of 350V-500V, The plasma discharge appears to be a typical
magnetron plasma discharge that is commonly gencrated in plasma processing systems. The
plasma discharge is formed by using a square voltage pulse. There is no description in
Mozgxin related to Part 2 of the CVC of choosing an amplitudc and a rise time of the voltage .|
pulse in order to increase a rate of excitation of ground state atoms to create excited atoms in
a multi-step ionization process as claimed in amended independent claim 1. In fact, there is
no description in Mozgrin of choosing an amplitude and a risc time o[ a voltage pulse to
change the plasma discharge conditions. Mozgrin desctibes varying the plasma discharge
conditions by changing the pressure and magnetic ficld strength, but does not mcntion
varying the plasma discharge conditions by changing the amplitude and the rise time of the
voltage pulse. See Mozgrin page 403 lines 8-13.

Part 3 of the CVC shown in FIG. 4 of Mozgrin is a high-currcnt discharge regime in
which the discharge voltage remains stationary at 90V over a current that is in the range of
15A-1,000A. Part 3 of the CVC corresponds to a prior art magnetron discharge for high-
pressure (10°" torr) plasma processing. The vollage drops sharply in this regime uniil the
current rcaches a quasi-stationary value that maintains the discharge power at a constant

value. There is no description related to Part 3 of the CVC of choosing an amplitudce and a
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rise time of a voltage pulse to incrcase a rate of excitation of ground state atoms to create

excited atoms in & multi-step ionization process as claimed in amended independent claim 1,

Part 4 of the CVC shown in FIG. 4 of Mozgrin is a high-current, low-voltage arc
discharge regime having a current that is greater than 1kA and a voltage that is in the range
of 10-30V. Arc discharges are generally undesirable for most plasma processing
applications. Arc discharges arc observed in conventional magnetrons when too much power
applied to the plasma. There is no description related to Part 4 of the CVC of choosing an
amplitude and a rige time of a voltage pulse to increase a rate of excitation of ground state
atoms to create excited atoms in a multi-step ionization process as claimed in amended

independent claim 1.

Thus, the Applicant submits that there is no tcaching or suggestion of increasing an
excitation rate of ground state atoms in a weakly-ionized plasma to generatc a multi-step
jonization process in either Part 1, Part 2, Part 3, or Part 4 of the CVC of Mozgrin. In view
of the above remarks, the Applicant respectfully submits that Mozgrin does not describe cach
and cvery element of independent claim 1 as currently amended, either expressly or
inherently. Therefore, the Applicant submits that Mozgrin does not anticipate independent
claim 1 as currently amended. Thus, the Applicant submits thal amended independent ¢laim
1 and dependent claims 4, 5, 7, 13, 14, 16, and 19 arc allowable under 35 U.S.C. §102(b).

Tndependent Claim 20 and Dependent Claims 2]- =29 32 33, and 37

The Applicant belicves that Mozgrin does not describe each and every element of
independent claim 20 as currently amended. Independent claim 20 is herein amended to recite
the step of applying a voltage pulse to the weakly-ionized plasma where an amplitude and a rise
time of the vollage pulse are chosen to incrcase an excitation rate of ground state atoms in the
weakly-ionized plasma to create a multi-step ionization process. The multi-step ionization
process includes exciting the ground state atoms 1o generate excitcd aloms, and then ionizing the
excited atoms within the weakly-ionized plasma to create jons that sputter target material from

the spultering larget.

The Applicant respectfully submits that there is no description in Mozgrin of applying a
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voltage pulse to a weakly-ionized plasma where an amplitude and a nse time of the voltage pulse
are chosen Lo increase an excitation rate of ground state atoms in the weakly-ionized plasma to
create a multi-step ionization process as claimed in amended claim 20. In view of the above
remarks, the Applicant respectfully submits that Mozgrin does not describe each and every
element of independent claim 20 as currently amended, either expressly or inherently.

Therefore, the Applicant submits that Mozgrin does not anticipate amended independent claim
20 and dependent claims 21-25, 27-29, 32, 33, and 37 under 35 U.S.C. §102(b). Thus, the
Applicant submits that amended independent claim 20 and depeundent claims 21-25, 27-29, 32,
33, and 37 are allowable.

Rejections under 35 U.S.C, §103(a) As Being Uppatcntable Over Kouznetsov;

Claims 1-3 are rejected under 35 U.S.C. §103(a), as being unpatentable over
Kouwenetsov. The Office Action states that Kouznctsov discloses substantially all of the
fc'atures of the claimed invention except that the constant power and the constant voltage are
not discussed. The Office Action further states that thc constant power and constant voltage
are provided by the power supply in the crossed E and B field region since the power and the . .
voltage must be constant during this period to produce a statc ol full ionization. The Office
Actlion concludes that it would have been obvicus to have utilized constant power and

voliage as taught by Kouznetsov because it allows for producing a state of full ionization.

Independent claim 1 has been amended to recite a power supply that generates a voltage
pulse that produces an electric field between a cathode assembly and an anode. The voltage
pulse has an amplitude and a rise time that are chosen to increase a rate of excitation of ground
state atoms present in the weakly-ionized plasma to creatc a multi-siep lonization process. The
Applicani submits that there is no teaching or suggestion in Kouznetsov of such a power supply.
In fact, there is no mention of excited atoms in the Kouznetsov reference. Instead, the Applicant
believes that the Kouznetsov reference describes a process for transitioning a gas 10 an ionized
state using a single-step ionization process in a conventional mapnetron sputtering device (See
page 5, lings 20-26). The process described in the Kouznelsov reference appears to usc direct
ionization to transition a gas from a state ol glow discharge, to a state of arc discharge, and
finally to a fully ionized statc (Scc page 5, lines 6-8).
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According to Kouznctsov, this fully jonized state is rcalized with a “rather high,
substantially constant voltage when the gas is in the highly ionized state of crossing electric and
magnelic fields, as long as the input voliage is sufficient to sustain this state.” (See Kouznctsov
page 5, lines 33-35). The Applicant believes that therc is no teaching or suggestion in
Kouznetsov of a power supply that gencrates a voltage pulse that creates a multi-step 1onization

process.

In view of the above remarks, the Applicant submits that amended independent claim 1 is
not obvious under 35 U.S.C. §103(a) in view of the Kouznetsov reference. The Applicant also
submits that dependent claims 2-3 are allowable as depending from an allowable base claim.

Rejections under 35 U.S.C. §103(a) As Being Unpatentable Over Mozgrin:

Claims 1-3, 17, 20, and 39 are rejected under 35 U.S.C. §103(a), as being unpatentable
over Mozgrin. The Office Action stales that Mozgrin discloscs substantially all features of the
claimed invention excepl that the constant power, constant voltage, and the ionization source
being a UV source, an X-ray source, an clectron beam sowce and an ion beam source are not
discussed. The Office Action [urther states that the constant power and constant voltage arc -
provided at the height of the square waveform to produce a plasma density higher than the pre-
ionization plasma density. The Office Action concludes that it would have been obvious to have .
utilized constant power and voltage because it allows for production of a higher density of

plasma than during the pre-iomzation.

Independent Claim 1 and Dependent Claims 2-3 and 17

Independent claim 1 has been amended to recite a power supply that generates a voltage
pulse that produccs an electric field between a cathode assembly and an anode. The vollage
pulsc has an amplitude and a rise time that are chosen to increase a rate of excitation of ground

state aloms present in the weakly-ionized plasma to creale a multi-step ionization process.

The Applicant submits that there is no teaching or suggestion in Mozgrin of a power
supply that generates a voltage pulse having an amplitude and 2 rise time that are chosen to

increase an excitation rate of ground state atoms in a weakly-ionized plasma to generate & multi-
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step ionization process. Instead, as previously described hercin, the Applicant submits that
Mozgrin describes a method for generating a plasma using a direct ionization by electron impact
(See page 402, col. 2, lincs 13-48 to page 403, col. 1, lines 1-13).

In view of the above remarks, the Applicant submits that amended independent claim 1 1s
not obvious under 35 U.S.C. §103(a) in view of the Mozgtin reference. The Applicant also
submits that dependent claims 2-3 and 17 arc allowable as depending from an allowable base

claim.

Independent Claim 20 and Dependent Claim 39

Independent claim 20 has been amended to recitc the step of applying a veoltage pulse to
the weakly-ionized plasma where an amplitude and a rise time of the voltage pulse are chosen to
increase an excitation rate of ground state atoms in the weakly-ionized plasma to create a multi-
step ionization process. The multi-step jonization process includes exciting the ground state
atoms to generate excited atoms, and then ionizing the exciled atoms within the wcakly-ionized

plasma to create ions that sputter target material from the sputtering target.

The Applicant submits that there is no tcaching or suggestion in Mozgrin of applying a
voltage pulse to a weakly-ionizcd plasma where the voltage pulse has an amplitude and a rise
time that are chosen 1o increase an excitation rate of ground state atorns in a weakly-tonized
plasma to generate a multi-step ionization process. Instead, the Applicant submits that Mozgrin
describes a method for generating a plasma using direct ionization by eleciron impact. There is
simply no teaching or suggestion in Mozgrin of choosing an amplitude and a rise time of a

vollage pulse to increase an excitation rate of ground state atoms in a weakly-ionized plasma.

In view of the above remarks, the Applicant submits that amended independent claim 20
is not obvious under 35 U.S.C. §103(a) in view of the Mozgrin reference. The Applicant also
submits that dependent claim 39 is allowable as depending from an allowable base claim.

Rejections under 35 U.S.C. §103(a) Over Kouznetsov in view of Chiang:

Claims 1, 10-12, 15, 20, and 34-36 are rejected under 35 U.S.C. §103(2), as being
unpatentable over Kouznetsov in view of U.S. Patent No. 6,398,929 to Chiang et al. (hereinafter

PAGE 23726 * RCD AT 611412004 10:56:05 PM [Eastern Daylight Time)* SVR:.USPTO-EFXRF-0* DNIS:8720306 * CSID:781 271 1527 * DURATION (mimvss):08-12



06/14/2004 HON 22:45 FAX 781 271 1527 KURT RAUSCHENBACH B o24/028

Amendment and Response
Applicant: Chistyakov
Serial No.: 10/065,277
Page 18 0f 20

“Chiang’). The Office Action states that Kouznetsov discloses substantially all features of the
¢laimed invention except that the tcmperature control of the substrate is not discussed, biasing
the substrate is not discussed, and applying DC power 1o the target is not discussed. The Office
Action further states that Chiang describes supplying cooling gas to the backside of the wafer,
biasing the wafer holder, and biasing the targel with a DC power supply.

Indenendent Claim 1 and Depende ims 10- 15

Independent claim 1 has been amended to recite a power supply that generates a voliage
pulse that produces an electric field between a cathode assembly and an anode. The voltage
pulse has an amplitude and a rise lime that are chosen to incrcase a rate of excitation of ground

state atoms present in the weakly-ionized plasma to create a multi-siep ionization process.

The Applicant submits thal there is no teaching or suggestion in Kouznetsov of a powcr
supply that generates a vollage pulse having an amplitude and a rise time that are chosen to
increase a rate of excitation of ground state atoms present in the weakly-ionized plasma to create
a multi-step ionization process. There is no mention of exciting ground state atoms in the
Kouznetsov reference. Instead, the Applicant believes that the Kouznetsov reference describes a
process for transitioning a gas to an ionized state using a single-step ionization proccss in a
conventional magnetron sputtcring device (See page 5, lines 20-26). The process described in -
the Kouznetsov relerence appears to use direct ionization to transition a gas from a state of glow

discharge, to a state of arc discharge, and finally to a fully ionized state (See page 5, lines 6-8).

In view of the above remarks, the Applicant submits that amended independent claim 1 is
not obvicus under 35 U.S.C. §103(a) over Kouznetsov in view of Chiang. The Applicant also
submits that dependent claims 10-12 and 15 are allowable as depending from an allowable basc

claim.

Independent Claim 20 and Dependent Claims 34-36

Independent claim 20 has been amended to recite the siep of applying 2 voltage pulse to
the weakly-ionized plasma where an amplitude and a rise time of the voltage pulse are chosen to

increase an excitation rate of ground statc atoms in the weakly-ionized plasma to create a multi-
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step ionization process. The multi-step jonization process includes exciting the ground state
atoms to generale excited atoms, and then jonizing the excited atoms within the weakly-ionized

plasma to create jons that sputtcr target material from the sputtering target.

The Applicant submits that there is no teaching or suggestion in Kouznctsov of applying
a voltage pulse to a weakly-ionized plasma where an amplitude and a rise time of the voltage
pulse are chosen to increase an excitation rate of ground state atoms in the weakly-ionized
plasma to create a multi-step ionization process. Instead the Applicant believes thal Kouznetsov
teaches a single-step ionization process whereby the application of a very large voltage pulsc
having a fast rise time creates a gas having a fully ionized state (See page 12, lines 22-26). The
Applicant believes that the large voltage pulsc deseribed in Kouznetsov ionizes the gas by direct

ionization from electrons located in the region of crossed electric and magnetic fields.

In view of the above remarks, the Applicant submits that amended indcpendent claim 20
is not obvious under 35 U.S.C. §103(a) over Kouznetsov in view of Chiang. The Applicant also

submits that dependent claims 34-36 are allowable as depending from an allowable base claim.

Rejections under 35 17.8.C. §103(a) Over Kouzneisov in view of Kadlec;

Claims 1 and 18 are rejected under 35 U.S.C. §103(a), as being unpatentable over
Kouznetsov in view of Kadlec et al. (W(095/04368) (hereinafler “Kadlec’). The Office Action
states that Kouznetsov discloses substantially all features of the claimed invention cxccpt thal the
use of an clectromagnet is not disclosed. The Office Action further states that Kadlec suggests

the use of electromagnets for sputtering.

Independent claim 1 has been amended to recite a power supply that generates a voltage
pulsc that produces an clectric field between a cathode assembly and an anods. The voltage
pulse has an amplitude and a rise time that are chosen to increase a rate of excitation of ground
state atoms present in the weakly-ionized plasma to creale a multi-step ionization process. As
previously discussed, the Applicant submits that there 15 no teaching or suggestion m
Kouznctsov of such a power supply and there is no mention of exciting ground atoms in the

Kouznetsov reference.
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In view of the above remarks, the Applicant submits that amcnded independent claim 1 is
not obvious under 35 U.$.C. §103(a) over Kouznetsov in view of Kadlec. The Applicant aiso

submits that dependent claim 18 is allowable as depending from an allowable base claim.

New Claims 41-50;

The Applicant submits that independent claim 1 is allowable as currently amended. The
Applicant also submits that dependent claims 41-45 are allowable as depending from an
allowablc base claim. In addition, the Applicant submits that ihdependent claim 20 is allowable
as currently amended and dependent claims 46-50 are also allowable as depending from an

allowable base claim.

CONCLUSION

Claims 1-50 arc currently pending o the present application. Claims 1, 6, 7, 20, 34,
and 40 are amended by the present Amendment. Claims 41-50 are added by the present
Amendment. In view of the forcgoing, reconsideration and allowance of all pending claims

(i.c., claims 1-50) is respectfully requested.

The Commissioncr is hereby authorized to charge the extension fee, the additional claims

fec, and any other proper fees to Attorney's Deposit Account No. 501211,

If, in the Examiner’s opinion, a telephonic interview would cxpedite prosecution of
the present application, the undersigned attorney would welcome the opportunity to discuss
any outstanding issues, and to work with the Examinct toward placing the application in

condition for allowance.

Respectfully subinitted,

Date: June 14, 2004

Reg. No. 40,137 rt Rauschenbach, Ph.D.

Attormmey for Applicant

Rauschenbach Patent Law Group, LLC
Tel. No.: (781) 271-1503 Post Office Box 387
Fax No.: (781) 271-1527 Bedford, MA 01730
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