AMENDMENTS TO THE CLAIMS:

This listing of claims will replace all prior versions and listings of claims in the
application:

1. (Cancelled)

2. (Previously presented): The method of Claim 21, further including holding the temperature

of the substrate substantially constant.

3. (Previously presented): The method of Claim 21, wherein applying pulsed DC power through
the filter includes supplying up to about 10 kW of power at a frequency of between about 40 kHz

and about 350 kHz and a reverse time pulse between about 1.3 and 5 ps.

4. (Previously presented): The method of Claim 21, wherein adjusting an RF bias power to the
substrate includes supplying up to 1000 W of RF power to the substrate.

5. (Canceled).

6. (Previously presented): The method of claim 4, wherein the RF bias power is zero.

7. (Currently amended): The method of Claim 21, wherein the-film-is-an-upper-claddinglayerof
awweg&&de—s@meﬁu-re—aﬂd the RF bias power is optimized to provide planarization.

8. (Prev10usly presented): The method of Claim 21, wherein a process gas of the process gas

flow includes a mixture of Oxygen and Argon.

9. (Previously presented): The method of Claim 8, wherein the mixture is adjusted to adjust the

index of refraction of the film.

10. (Previously presented): The method of Claim 8, wherein the mixture further includes

nitrogen.

11. (Previously presented): ' The method of Claim 21, wherein applying pulsed DC power to the
target includes adjusting pulsed DC power to a target which has an area larger than that of the

substrate.
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12. (Previously presented): The method of Claim 21, further including uniformly sweeping the

target with a magnetic field.

13. (Previously Presented): The method of Claim 12, wherein uniformly sweeping the target
with a magnetic field includes sweeping a magnet in one direction across the target where the

magnet extends beyond the target in the opposite direction.
14.-20. (Cancelled).

21. (Currently amended): A method of depositing [[a]] an oxide film on a substrate, comprising:

conditioning a target;

preparing the substrate;

adjusting an RF bias power to the substrate;

setting a process gas flow; and

applying pulsed DC power to the target through a filter such that the target voltage

oscillates between positive and negative voltages to create a plasma and deposit the oxide film,

wherein conditioning the target includes sputtering with the target in a metallic mode to
remove the surface of the target and sputtering with the target in poisonous mode to prepare the

surface, and
wherein the filter is a band rejection filter at a frequency of the bias power.

22. (Previously Presented ): The method of Claim 21, wherein setting the process gas flow

includes adjusting constituents in order to adjust the index of refraction of the film.

23. (Previously Presented): The method of Claim 21, wherein applying pulsed DC power

includes setting the frequency in order to adjust the index of refraction of the film.

24. (Previously Presented): The method of Claim 21, further including adjusting a temperature

of the substrate in order to adjust the index of refraction of the film.
25.-39. (Canceled).

40. (Previously presented): The method of claim 21, wherein the band rejection filter is a
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narrow band-pass filter.

41. (Previously presented): The method of claim 21, wherein a bandwidth of the band rejection
filter is about 100 kHz.

42, (Previously presented): The method of claim 21, wherein the frequency of the RF bias is
about 2 MHz.

43. (Currently amended): A method of depositing [[a]] an oxide film on a substrate, comprising:

preparing the substrate;

adjusting an RF bias power to the substrate;

setting a process gas flow; and

applying pulsed DC power to a target through a band rejection filter at a frequency of the
bias power such that the target voltage oscillates between positive and negative voltages and an
oxide film is deposited on the substrate.

44. (Previously presented): The method of claim 43, wherein a bandwidth of the band rejection
filter is about 100 kHz.

45. (Previously presented): The method of claim 43, wherein the frequency of the RF bias is
about 2 MHz.

46. (Previously presented): The method of Claim 43, wherein applying pulsed DC power
includes supplying up to about 10 kW of power at a frequency of between about 40 kHz and

about 350 kHz and a reverse time pulse between about 1.3 and 5 ps.

47. (Previously presented): The method of Claim 43, further including holding the temperature

of the substrate substantially constant.

48. (Previously presented): The method of Claim 43, wherein adjusting an RF bias power to the
substrate includes supplying up to 1000 W of RF power to the substrate.

49. (Previously presented): The method of Claim 43, further including uniformly sweeping the

target with a magnetic field.

Page 1298 of 1542



50. (Previously presented): The method of Claim 49, wherein uniformly sweeping the target
with a magnetic field includes sweeping a magnet in one direction across the target where the

magnet extends beyond the target in the opposite direction.

51. (New): A method of depositing an oxide film on a substrate, comprising:

providing a process gas between the substrate and a target;

applying an RF bias power to the substrate;

applying pulsed DC power to the target such that the target voltage oscillates between
positive and negative voltages; and

filtering the pulsed DC power through a narrow band rejection filter at a frequency of the
bias power,

wherein the oxide film is deposited on the substrate.

52. (New): The method of claim 51, wherein the process gas includes one or more gasses
chosen from the group consisting of Ar, Ny, O, CoFs, CO,, CO, NH3, NO, and halide containing

gasses.

53. (New): The method of claim 51, wherein the target is a metallic target.

54. (New): The method of claim 51, wherein the target is an intermetllic target.

55. (New). The method of claim 51, further including sweeping the target with a magnetic field.

56. (New): The method of claim 51, wherein the pulsed DC power is supplied with a reverse

time pulse between about 1.3 and 5 ps.

57. (New): The method of Claim 51, wherein applying an RF bias power to the substrate
includes supplying up to 1000 W of RF power to the substrate.

58. (New) The method of claims 21, wherein applying pulsed DC power through the filter
includes supplying pulsed DC power at a pulse frequency of between about 40 kHz and about
350 kHz.

59. (New) The method of claim 43, wherein applying pulsed DC power through the filter

includes supplying pulsed DC power at a pulse frequency of between about 40 kHz and about

-5-
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350 kHz.

60. (New) The method of claim 51, wherein applying pulsed DC power through the filter
includes supplying pulsed DC power at a pulse frequency of between about 40 kHz and about
350 kHz.
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REMARKS

Claims 2-4, 6-14, and 21-50 are pending in this application. The Examiner has allowed
claim 14 and rejected claims 2-4, 6-13, and 21-50. Applicants have canceled claim 14, amended

claims 21 and 43, and added new claims 51-60.

Examiner’s Interview

Applicants wish to thank the Examiner for spending her time in an interview on January
18, 2007. In attendance at the Interview were Examiner Michelle Estrada, Applicant’s counsel,
Gary J. Edwards, and Inventors R. Ernest Demaray and Hongmei Zhang. Applicants
substantially agree with the Examiner’s Summary of the Interview mailed on January 23, 2007,
and provide further discussion of the material discussed below.

During the interview, the inventors described to the Examiner the development of the
invention, including the development of applicant’s pulsed-DC processing technology, and the
teachings of the cited references. In particular, the Smolanoff reference was discussed with
respect to independent claims 21 and 43. Applicants discussed amending the claims to further
clarify the distinctions between the claimed invention and the teachings of Smolanoff and other
cited art. Those amendments are reflected in the amended claims above and in the newly added
claims. The distinctions between the claimed invention and the cited prior art is further
discussed below.

As pointed out to the Examiner during the interview, and as further discussed in the
specification (see, e.g., Par. [0049]), the historical difficulty in deposition of insulating oxide
layers is the formation of insulating layers on the target, which build up charges with the ultimate
result of unwanted arcing. The arcing results in damaged power supplies and deposition of

particulate matter, which degrades the properties of the resulting films deposited on the substrate.

-7-
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Some embodiments of pulsed DC processing, as defined in the present application, can
substantially eliminate this problem. As discussed, for example, in paragraph [0053] of
Applicant’s application, pulsed DC sputtering refers to a sputtering technique where the pulsed
DC power supply oscillates between positive and negative potentials, driving the voltage of the
target alternately to positive and negative potentials. Claims 21 and 43 of the present application
have been amended to explicitly recite that “the target voltage oscillates between positive and
negative voltages.” New claim 51 also recites that “the target voltage oscillates between positive
and negative voltages.” The claims have also been amended to recite that the deposited films are
oxide films. Applicants reserve the right to pursue allowable claims to the subject matter
disclosed in the present application in continuation applications.

In order to further improve the quality of the deposited film, Applicant’s apply a
combination of pulsed DC power to the target and RF bias to the substrate. As is discussed, for
example, in paragraph [0057] of the specification, application of RF bias to the substrate results
in a densification of the deposited film. In order to supply both a pulsed DC power to the target
and an RF bias to the substrate, a narrow band rejection filter is coupled between the pulsed DC
power supply and the target. The band rejection filter is arranged to reject RF power at the
frequency of the RF bias to the substrate. Applicants discovered that the use of pulsed DC power
to the target and RF bias to the substrate resulted in catastrophic failure of the pulsed DC power
supply due to transmission of the RF power into the pulsed DC power supply. However, a
conventional high or low pass filter blocks a portion of the pulsed DC frequency to the target and
therefore the benefits of using pulsed DC power are lost. Applicants discovered that a narrow
band rejection filter, an embodiment of which is described in the specification at paragraph

[0056], both protects the DC power supply from the RF bias power and passes the pulsed DC
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frequencies which form the square pulse of the pulsed DC power to the target so that the benefits
of pulsed DC deposition with RF bias can be realized. The elimination of a narrow band of
frequencies about a single frequency in a narrow band rejection filter has a small effect on the
square shape of the pulsed DC pulse. However, elimination of either all higher frequencies or all
lower frequencies from the single frequency effectively destroys the shape of the square pulse
and eliminates control of both the magnitude and duration of the positive portion of the pulse.

During prosecution of this application, several prior art publications have been raised,
including Smolanoff (U.S. Patent 6,117,279) and Le (U.S. Publication No. 2003/0077914).
Smolanoff was discussed during the Interview. Both publications are discussed below in
particular. Neither of these references, either separately or in combination, teaches the
combination of pulsed-DC deposition, where the target voltage oscillates between positive and
negative voltages, and an RF bias. As a summary, Smolanoff teaches sputtering of a conducting
or metallic layer and does not teach deposition of an “oxide layer,” as is recited in each of claims
21, 43, and 51 above. Additionally, Smolanoff does not teach “applying pulsed DC power to the
target . . . such that the target voltage oscillates between positive and negative voltages,” as is
recited in each of claims 21, 43 and 51. Further, although Smolanoff teaches a filter between a
DC power supply and the target, Smolanoff does not teach a “narrow band rejection filter” as is
recited in each of claims 21, 43, and 51.

Le does not cure the defects in the teachings of Smolanoff. Le teaches “a method of
depositing a titanium oxide layer on a substrate” utilizing pulsed DC voltage. (Le, Abstract)
However, Le does not teach applying an RF bias to the substrate or a band rejection filter
coupled between the pulsed DC power supply and the target. Further, one skilled in the art

would not be motivated to combine the teachings of Smolanoff, which is directed toward
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deposition of metallic layers, with the teachings of Le, which is directed toward deposition of a
titanium oxide layer.
As is further discussed below, claims 2-13, 21-24, and 40-60 are allowable over the cited

prior art.

Claim Rejections under 35 U.S.C. § 103!

The Examiner has rejected claims 2-4, 6-13, and 21-50 over combinations of Fu and Le
with Smolanoff. As discussed below, claims 2-4, 6-13, and 21-50, as amended, are allowable

over the cited references.

Claims 10-13, 21, and 40-45

The Examiner has rejected claims 10-13, 21, and 40-45 under 35 U.S.C. § 103(a) as
being unpatentable over U.S. Patent No. 6,117,279 (“Smolanoff et al.”) in view of U.S. Patent
No. 6,306,265 (“Fu et al.””). However, Smolanoff does not teach “applying pulsed DC power to
the target . . . such that the target voltage oscillates between positive and negative voltages,” as is
recited in claims 21 and 43. Additionally, Smolanoff does not teach “a band rejection filter at a
frequency of the bias power,” as is recited in claims 21 and 43. Further, Smolanoff does not

teach deposition of “an oxide film,” as is recited in claims 21 and 43.

I. Smolanoff does not teach “applying pulsed DC power to the target . . . such that the target
voltage oscillates between positive and negative voltages,” as is recited in claims 21 and 43.

! The Examiner has made multiple characterizations of the claims, the cited art, and application

of legal principles to those characterizations. Applicants shall not be deemed to agree with or to
acquiesce in the Examiner’s statements by not specifically addressing these characterizations in

this response.

-10-
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Smolanoff teaches that ‘“[t]he target power supply 21 is usually a source of constant or
pulsed DC power and is connected between the cathode assembly 17 and some element such as
the chamber wall 13 which is at ground potential and serves as the system anode.” (Smolanoff,
col. 5, lines 51-54). Additionally, Smolanoff teaches that “{pJower from the steady or pulsed DC
power supply 21 and/or RF generator 24 produces a negative potential on the target 16.”
(Smolanoff, col. 5, line 66, through col. 6, line 1).

Applicants have explicitly defined pulsed DC power to refer to power that oscillates
between positive and negative voltages. (See, application, par. [0053]). As described in the
specification, the positive voltage period allows an insulating layer deposited on the target to
discharge, resulting in an arc free deposition process. (See, application, par. [0053]). However,
a second definition of “pulsed DC power” was also in use at the time, and the second definition
is apparently the definition utilized in Smolanoff. In this second definition, which is also
referred to as unipolar pulsed DC, the DC power supplied to the target is grounded on occasion,
either periodically or when an impending discharge is detected. The DC power can be shunted
to ground so that the voltage on the target was brought from a high negative voltage to near
ground voltage until the arc condition was dissipated, while the negative voltage power supply
was protected from the discharge. This process was also referred to as “pulsed DC power,” but,

in Smolanoff, the target remains at a negative voltage throughout the deposition.2

? Applicant has submitted three articles that explain various aspects of pulsed-dc technology in
the Information Disclosure Statement that accompanies this amendment: See, e.g., Richard A.
Scholl, “Power Systems for Reactive Sputtering of Insulating Films,” Advanced Energy
Industries, Inc., While Paper, September, 2001, page 3, paragraph 3; See also, Richard A. Scholl,
“Advanced Supplies for Pulsed Plasma Technologies: State-Of-The-Art and Outlook,” Advanced
Energy Industries, Inc., White Paper, 1999; ; and A. Belkind, et al., “Pulsed-DC Reactive
(continued...)

-11-
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The process of pulsed DC power as claimed in claims 21 and 43, where “the target
voltage oscillates between positive and negative voltages,” then, differs from the teachings of
Smolanoff at least in that Smolanoff teaches that the target remains at a negative potential. Such
pulses occur only, generally, when an impending discharge from the target is sensed and may not
be periodic. Therefore, Smolanoff does not teach “that the target voltage oscillates between

positive and negative voltages,” as is recited in claims 21 and 43.

II. Smolanoff does not teach ‘“‘a band rejection filter at a frequency of the bias power,” as is
recited in claims 21 and 43.

Smolanoff does not teach “a band rejection filter at a frequency of the bias power,” as is
recited in claims 21 and 43. Smolanoff teaches that “[t]he power supply 21 preferably is
connected to the cathode assembly 17 through an RF filter 22.” (Smolanoff, col. 5, lines 56-58).
However, no further description of filter 22 is provided. Therefore, Smolanoff does not teach “a
band rejection filter at a frequency of the bias power,” as is recited in claims 21 and 43.

The Examiner has commented that “using an specific type of filter is a matter of design
choice depending on the quality of product needed, and it is obvious that the filter is going to
work at certain frequencies.” (OA, page 2). Additionally, the Examiner commented that “the
limitation ‘the filter is a band rejection filter at a frequency of the bias power’ is a structural
limitation in a method claim, so no matter what filter is used, as long as the same result is

achieved.” (OA, page 2). Applicants disagree.

(...continued)
Sputtering of Dielectrics: Pulsing Parameter Effects,” Society of Vacuum Coaters 43" Annual
Technical Conference Proceedings, Denver, CO, April 15-20, 2000.

-12-
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Although it is true that “the filter is going to work at certain frequencies,” as suggested by
the Examiner, the recited “band rejection filter” works at the frequency of the RF bias supply and
blocks only a narrow band of frequencies around the frequency of the RF bias supply. This
allows the square wave pulse of the DC power, which is formed of all frequencies both higher
and lower than the biased frequency, to be transmitted through the filter to the target. Otherwise,
the pulse that would reach the target is distorted so that the benefits of the pulsed DC power are
not realized. Therefore, utilization of a band rejection filter at the frequency of the bias power is
neither taught nor obvious from the teachings of Smolanoff. Furthermore, use of a band
rejection filter at the frequency of the bias power places a distinct limitation on the claim.

Therefore, Smolanoff does not teach “applying pulsed DC power to the target through a
filter . . . wherein the filter is a band rejection filter at a frequency of the bias power,” as is
recited in claims 21, or “applying pulsed DC power to a target through a band rejection filter at a

frequency of the bias power,” as is recited in claim 43.

III. Smolanoff teaches deposition of metallic films and does not teach “an oxide film,” as is
recited in claims 21 and 43.

Smolanoff teaches “a sputter coating apparatus” that is generally directed to deposition of
conducting films. In particular, Smolanoff “relates to sputter coating, and more particularly, to
the Ionized Physical Vapor Deposition (IPVD) of coating material onto substrates.” (Smolanoff,
col. 1, lines 6-8). Smolanoff teaches that

For some sputtering processes, such as those used for coating
contacts at the bottoms of high aspect ratio holes and other features
on the substrate 15 and for metallizing such holes by filling them
with sputtered conductive material, it is highly preferred in VLSI

semiconductor device manufacturing that the particles impinge
onto the substrate 15 in a narrow angular distribution around the

-13-
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normal to the substrate so that they can proceed directly into the
features and onto the feature bottoms without striking or being
shadowed by the feature sides.

(Smolanoff, col. 6, lines 34-43).
As stated in Smolanoff,

The present invention is further predicated in part upon a principle
that a substantial loss of positive ions from a secondary plasma and
a resulting reduction in the ionization fraction of sputtered ions by
the secondary plasma, are prevented when electrically conductive
shields employed in ionized physical deposition processes on the
periphery of the secondary plasma used for the ionization of the
puttered material are prevented from developing a substantial
negative DC potential. The invention is further predicated in part
upon the concept that the existence of conductive shields or
chamber walls bounding the secondary plasma, if prevented from
developing a strongly negative DC potential or if kept far from the
center of the chamber, will reduce the steering of positive ions
from the secondary plasma into the walls or shields, and decrease
the width of the plasma sheath. The invention is particularly
predicated on the concept of providing these effects while
maintaining an RF shield that will allow effective and efficient
coupling of energy into the secondary plasma.

Further, Smolanoff teaches that

For sputter processing, the gas from the supply 40 is typically an

inert gas such as argon. For reactive processes, additional gases,

such as nitrogen, hydrogen, ammonia, oxygen or other gas, can be

introduced through auxiliary flow controllers.
(Smolanoff, col. 7, lines 23-26). Further, Smolanoff teaches that “[a] metal shield positioned
inside of the window shields the window from the deposition of conductive sputtered material
thereon which, if permitted to accumulate on the window, would isolate the chamber from the
coil.” (Smolanoff, col. 4, lines 19-22). Additionally, Smolanoff teaches that

While the window 60 itself is not electrically conductive, it is

susceptible to the accumulation of a coating of conductive material

sputtered from the target 16. . . .

To prevent such buildup of conductive sputtered material
on the window 60, a shield 70 is provided in the vacuum of the

-14-

Page 1308 of 1542



chamber 12 between the space 11 and the window 60, in close
proximity to the inside surface of the window 60.

(Smolanoff, col. 7, line 61, -col. 8, line 9).

As indicated in Smolanoff, and discussed above, the shield taught in Smolanoff can not
be made insulating and must remain electrically conducting in order for the Smolanoff invention
to function. Any deposition of insulating material, which would occur during deposition of an
oxide material, would cause the invention taught in Smalanoff to become nonfunctional.
Smolanoff, therefore, teaches away from deposition of dielectric materials such as oxide
materials. Therefore Smolanoff teaches sputtering of conductive materials and does not teach

deposition of oxide materials.

IV. Fu does not cure the defects in the teachings of Smolanoff.

As discussed above, Smolanoff teaches deposition of conducting films and does not teach
“applying pulsed DC power to the target . . . such that the target voltage oscillates between
positive and negative voltages,” as is recited in claims 21 and 43. Additionally, Smolonoff does
not teach “a band rejection filter at a frequency of the bias power,” as is recited in claims 21 and
43. Fu does not cure the defects in the teachings of Smolonoff.

Fu teaches “sputtering of materials.” (Fu, col. 1, line 13). As shown in Figure 1, Fu
teaches applying DC power to the target. (See, Fu, Fig. 1; col. 1, lines 30-32). However, Fu
does not teach “applying pulsed DC power to the target . . . such that the target voltage oscillates
between positive and negative voltages,” as is recited in claims 21 and 43. Therefore, Fu does
not teach the combination of “applying pulsed DC power to the target through a filter . . .
wherein the filter is a band rejection filter at a frequency of the bias power,” as is recited in claim

21, or “applying pulsed DC power to a target through a band rejection filter at a frequency of the

-15-
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bias power,” as is recited in claim 43. Although Fu mentions that oxygen can be supplied to the
reactor to produce oxides such as Al,01 (See, Fu, col. 1, lines 39-40), Fu concentrates on ionized
metal deposition (See, e.g., Fu, title).

Therefore, claims 21 and 43 are allowable over the combination of Fu and Smolanoff.
Claims 10-13 and 40-42 depend from claim 21 and are allowable over the combination of Fu and
Smolanoff for at least the same reasons as is claim 21. Claims 44-45 depend from claim 43 and
are allowable over the combination of Fu and Smolanoff for at least the same reasons as is claim

43.

Claims 2-4, S, and 22-24

The Examiner has rejected claims 2-4, 6, and 22-24 under 35 U.S.C. § 103(a) as being
unbatentable over Smolanoff et al. in view of Fu et al. as applied to claims 8, 10-13, and 21, and
further in view of the Examiner’s comments.

However, claims 2-4, 6, and 22-24 depend from claim 21, which is allowable over the
combination of Fu and Smolanoff as discussed above. Therefore, claims 2-4, 6, and 22-24 are
allowable over the combination of Fu and Smolanoff for at least the same reasons as is claim 21.

The Examiner’s comments regarding the prima facie obviousness of claiming different
ranges are not appropriate with regard to claims 2-4, 6, and 22-24 because the recited ranges are
directed to the process claimed, which as discussed above is allowable over the cited prior art.
Therefore, the recited ranges in claims 2-4, 6, and 22-24 are not related to the ranges provided in

the prior art, which is directed towards different processes.
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Claims 7 and 9

The Examiner has rejected claims 7 and 9 under 35 U.S.C. § 103(a) as being unpatentable
over Smolanoff et al. in view of Fu et al. as applied to claims 8, 10-13, and 21, and further in
view of U.S. Application No. 2003/0077914 (“Le et al.”).

As discussed above with respect to claim 21, the combination of Smolanoff and Fu does
not teach “applying pulsed DC power to the target . . . such that the target voltage oscillates
between positive and negative voltages” and “a band rejection filter at a frequency of the bias
power,” as is recited in claims 21. Le does not cure the defects in the teachings of Smolanoff
and Fu.

Le teaches “a method of depositing a titanium oxide layer on a substrate” utilizing pulsed
DC voltage. (Le, Abstract) However, Le does not teach applying an RF bias to the substrate or a
band rejection filter coupled between the pulsed DC power supply and the target. Therefore, Le
does not teach “applying pulsed DC power to the target . . . such that the target voltage oscillates
between positive and negative voltages” and ““a band rejection filter at a frequency of the bias
power,” as is recited in claims 21.

Further, one skilled in the art would not be motivated to combine the teachings of
Smolanoff, which is directed toward deposition of metallic layers, with the teachings of Le,
which is directed toward deposition of a titanium oxide layer. In fact, as discussed above,
Smolanoff teaches away from the deposition of oxide layers because deposition of an oxide layer
on the shield, which would occur during deposition of an oxide layer, would cause the Smolanoff

invention to not function.
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Therefore, claims 7 and 9, which depend from claim 21, are allowable for at least the

same reason as is claim 21.

New Claims

Applicants have added new claims 51-60. Independent claim 51 includes the limitations
of “an oxide film,” “applying pulsed DC power to the target such that the target voltage
oscillates between positive and negative voltages,” and “filtering the pulsed DC power through a
narrow band rejection filter at a frequency of the bias power,” which are the limitations that were
discussed with the Examiner during the Interview of January 18, 2007. Claim 51 includes
limitations similar to those recited in claims 21 and 43 and discussed above. Therefore, claim 51
is allowable over the cited prior art. Claims 52-57 and claim 60, which depend from claim 51,
are therefore allowable over the cited prior art for at least the same reasons as is claim 51. Claim
58 depends from claim 21 and is therefore allowable over the prior art for at least the same
reasons as is claim 21. Claim 59 depends from claim 43 and is allowable over the prior art for at
least the same reasons as is claim 43.

Support for claims 51-60 can be found throughout the specification. Claim 51 includes
limitations similar to claims 21 and 43. Claim 52 is disclosed, for example, in paragraph {0015]
and paragraph [0073]. Claims 53 and 54 are disclosed, for example, in paragraph [0062]. Claim
55 is similar to claim 12. Claim 56 includes limitations from claim 3. Claim 57 is similar to

claim 4. Claims 58-60 include limitations from claim 3.
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Conclusion

In view of the foregoing remarks, Applicants submit that this claimed invention, as
amended, is neither anticipated nor rendered obvious in view of the prior art references cited
against this application. Applicants therefore request the entry of this Amendment, the
Examiner's reconsideration and reexamination of the application, and the timely allowance of the
pending claims.

Please grant any extensions of time required to enter this response and charge any
additional required fees to our deposit account 06-0916.

Respectfully submitted,

FINNEGAN, HENDERSON, FARABOW,
GARRETT & DUNNER, L.L.P.

Dated: February 6, 2007 By: m 0 % /1”,91'

Gar J war
Reg. No. 41 008

EXPRESS MAIL LABEL NO.
EV 955594467 US
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, PATENT
Customer No. 22,852
Attorney Docket No. 9140.0016-00

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:
ZHANG, Hongmei et al. Group Art Unit: 2823
Filed: March 16, 2002

For: BIASED PULSE DC REACTIVE
SPUTTERING OF OXIDE FILMS

)

)

)

)

Application No.: 10/101,863 ) Examiner: ESTRADA, Michelle

)

)

)

) Confirmation No.: 6938

)

MAIL STOP AMENDMENT
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

TWELFTH SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT
UNDER 37 C.F.R. § 1.97(c)

Pursuant to 37 C.F.R. §§ 1.56 and 1.97(c), Applicant brings to the attention of the
Examiner the documents on the attached listing. This Information Disclosure Statement is being
filed after the events recited in Section 1.97(b) but, to the undersigned's knowledge, before the
mailing date of either a Final action, Quayle action, or a Notice of Allowance. Under the
provisions of 37 C.F.R. § 1.97(c), the Commissioner is hereby authorized to charge the fee of
$180.00 as specified by Section 1.17(p) to Deposit Account No. 06-0916.

Copies of the listed foreign and non-patent literature documents are attached. Copies of
the U.S. patents and patent publications are not enclosed.

Applicant respectfully requests that the Examiner consider the listed documents and

indicate that they were considered by making appropriate notations on the attached form.
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" This submission does not represent that a search has been made or that no better art exists
and does not constitute an admission that each or all of the listed documents are material or
constitute "prior art." If the Examiner applies any of the documents as prior art against any claim
in the application and Applicant determines that the cited documents do not constitute "prior art"
under United States law, Applicant reserves the right to present to the office the relevant facts
and law regarding the appropriate status of such documents.

Applicant further reserves the right to take appropriate action to establish the patentability
of the disclosed invention over the listed documents, should one or more of the documents be
applied against the claims of the present application.

If there is any fee due in connection with the filing of this Statement, please charge the
fee to our Deposit Account No. 06-0916.

Respectfully submitted,

FINNEGAN, HENDERSON, FARABOW,
GARRETT & DUNNER, L.L.P.

Dated: February 6, 2007 By:

ary ¥. Edwards
Reg. No. 41,008
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Flywheel for radiating heat and increasing rigidity
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Patent Number |Kind[Date Application Kind|Date Update Type
Number

KR 2003088236 (A  [20031119KR 200226187 |A  120020513]200421 [B
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Patent Number [Kind|Lan|PgsDraw Filing Notes
KR 2003088236 ]A [KO| 1 10
KR 507142 B [KO| Previously issued patenfKR 2003088236
Alerting Abstract KR A

NOVELTY - A flywheel for radiating and reinforcing is provided to prevent crack by absorbing
burst force with elastic force and radiating friction heat in operating the clutch because the
flywheel is divided into plural portions and manufactured with different materials.
DESCRIPTION - A flywheel(10) is composed of a support plate(10a) combined with a
crankshaft with pressing and fitting a ring gear(11); a cover plate(10b) fixed to the support plate
and bent to form the storage space; an insert plate(10c) fastened inside the cover plate; and a
friction plate(10d) contacted to the insert plate and inserted to the cover plate to receive clamping
load from a clutch plate in operating the clutch. The durability is improved by preventing crack
from burst force in the flywheel and radiating friction heat from clamping load.

Page 1319 of 1542



<RF BFH 4D hAwSx 6RS>

IRA Rt CRIoRE IMpRRI IS
SRE Pt CRlo2R @D o2 B€ES
TRE GH&RE 028 2 iR 3¢S
SR GRS idkiAfd 31 5

R 432 lck3

Frivia

1)
TED

‘D3 SR B Blolo T(POVS0RBRD 27 B(4

)5E RREB B&ER2)SoRBIXEE 20 kT IR ERT RE lon(doL)slolk#iake o@D tRe
f2 Bo(o01L)=l0lRBSHIR (0 16 (001)=lolRBSYI3 2BRT Irloszid [6(q01)=lolRBIRk lo ‘(Q0L)=lojR B

e 2eRR B2R8<L 4N RER WRIERT (03B l(eol)slokRBlxix lo sEol)SokBIxIx 2R
B G)sERE WRISRAB ok 215 {01 )olcR [001R 0B 28R 2 B IR B B 22 BILR

198 [otwis T loRIXYR BRE ki
R IRAR CRED 35 T BIxRE ridled3 08 B A RBixiyrly BFTavH 2B BRIx T Iy
Rigkly I2RE T84 Rl SASRR Tly BRIo{28 'TSX R iR 028 8RR R TRA 2L 2

Y]

o028 B8R RE HRR (#v9)

215 LRIYR
dfhleER3 32k (vL)

101 -6ELBZREA BBy RiBTICE
e RR @y

162 B[R ~Fly Bby
e S SxiR R (L)
RELBSORAZ00Z XpRRe (22)
1819200 -200Z <01 TR E (12)
6L LIAL00Z {3l (ev) 0€/S}h 4914
0628800 -00288  TiAkcR (11) 10w ° (18)

(VRekEice (21)
MRl E=BigH(6L)

9€£28800 -€002k e =lic®

Page 1320 of 1542



R R S 23 YT BRA (o

eD)BE gl o(ed1i0d 1Sin8)FE TR B ol {£i&(UooN @ 2)x = [Blofy RE(0L)Blo{n® fwiddle
BzZ)ToRBIXRE Sod BiIxRE Mod)TE 241 Kl H2HeeR BlaRlE iz RISE kiel
By 52OFORBILRE 210 lokT BIXHE 2F RERRKR kT gk |2 AR SlcvR BRRE B
R Hriolaf BRT SN BST2H (S)EERE lof2 B4R BIYS e I 2(0L)RI028 32 &lo ‘hkT
oRE BBIKF i

28 BI¥YRE TR 2RRR BlicsR RK 28 2RBKE SSRR 28 R RAE 2l 5 e tof2lind
KT RRB IZin &3 R Bnbio VEX BloR IYloRR Ak Y€ RRY GiRid 20LEI022 R0
HiRtoEIRE {2(02)RBRIolXI2E 2HeRR -

E® 2BR RIF Blofvicei {TiRid ktowklo T(2MRKI¥RE 2w B(EZ2)TloRS|vRE 28R40 wOR
028 lels loBI¥RE TS oA Rl (i)l |02 154 iy oz T 2(0L)R10128 148 ‘Hicto
173 bolzix R 10(01)BIo

28 2 AR 2S RE ik BlxRE YRERR S8R B ok £I5 {<(1)olcR 2RER BRiRlE
B Blolz BT Blaw 5% iy Iy ICF BB lEg+ SN(HiR & Shloxinid ‘™% torsieR 12(6
JolcRlor 5 BIRBERE 3 Icie8k BU)LIcER 16 O)EREN edR T 2 (S)eERE LR 'RE

R KieR B 08 RIF RSS2 RE 0 ERE RER Z(E)S5E Bk £@)E+IT |2
R 'TER2 =R 10R)IS¥Ir fole R 11 BT Mo GBDRR (02 518 BIvS ol T 2iRid ki

faloz @42 o
028 BRRRZ EBRA R BTN <+ BRAR SRR SRR 2ic o oislxkE ok Bz BR 2
BIRIYA BRE 35 kiR BRI SR I8 T 422 i 028 882 R2 RRE ZRR B

B2 oo T %6 Bl el oRR

heis 6RRA

2E #ivk ok

RoAT=ERREd

&R H

SloRBIxRRE 2 RkI¥RE 12
R&Ftol¥I28 : 02 lo|cfE 1
%8 :.p0} FlolaBRI0 © PO}
HlolRB=3 1 004 FlolR&ke : a0
SlolR@x|x : 20} Blo{2@ ‘01
tol< fBlofa 6 RRERE - 8
dlcEm L FRIBN C 9

SERE ST RRk:E

#BvIn 2 RR 1

9£28800 €002 lElc R

Page 1321 of 1542



A

ki3 < BRlk AR N BR2 36 (TE 5¥R 2SR Fhd xS BE&RIYE Isaot)slo Bk I¢
R i3 Blo T 2F NEER +F Ikl6 RSB Ba0L)SokRBIAK Rlodlo ERKE CHFE ST
v 2ERA OVRI0RE lols oRlF iR 2Flcio 20 o= iR 20LRjol28 BRA A ‘Mlo

i e Bl BloivlceR iR o8 B(ASTRRE ey kie2 T5&(P0L)S0RERID G
(0L)R 10128 Iels Il(zz)SlolRBIXIRE Iv1eT ¥RE rieRR &(02)2BRIol¥IZE o(0L)RI0R2E IR ‘tolo

‘121028 SRHxhc jo(Buleeg 101id)R oA Elodr Slololy(SHeERE 58010 BIX|X [£R ‘fnlo

i eieRX 2(0L)RI028 kol RE (S)e
ERE ol 2IYRE Shch BivERT 6S58% &01)s(oloBixy 5(901)S(0lk Bk LR '+ BR
T ESkix3 (POV)S0RBED i5 (C0L)FI0RETIY lelo BIYART I6RTE® ok B(A01)=lolz
BIAK kiR 2IvRR =52k i 80102 RBR BRRRK REBE Blolc RNIT fRE 547 loly
2y |¢¥ ofeol)TlolrBxly ‘& |PRixtodio TRE & ko [FH1 2 xtoklo S 0(0L)Blo2R 2RA B

PERR YR EFXR BRT B4R S8k 5RR A ko

‘DiztoE R (0(POI)ES G112 Blesb
BT 2ERIR AL BRI b5 0RBI¢IRE 241 kT I¥RE 2oL sloRERD 1R TR

1R el s BODR BZR WWos'L - 00°t B w5iely & BE2 lofs(qot)sloRBIAK iels
RSB IYBR CREI0 ISR A (Pl )F0RERN 20 o IXRE F00L)FI0RBSYR L8 BS

1R kek|YiER % 128 BRR A Bty BHTE SVIR 2e8is o(0L)R 028 toklo TR Ax(e8)
8)2 2aoL)slokRBIAke 128 'R Sxtowlo B/E 01T oIRB SR SE0LF0REBIxIX 1£& ‘Ficko

Aiztoklo B(PoLFoRBEID RF8R L(ISTERE xR 522

JslolRBIxIRE (022 BRI0ILR Iy BT IXRE IERT [3F lon(aot)slol Bk toBE IR ol
20L)=|0RBEY3 10 5 (0T 0BT IBRT It BART 6SS8E krlokid l5(a01)Sl0RER
te 10 '@QOV)FolR BRI BRA 2 2RRR BR2R8Y TaN C tomkRk 5% Bi2 iy BATcAR R
RT ko8 BIYART 68535 lo(eoL)TlolRBIxlx |0 '5E0LSoRBlxlx SERE WG)SERE 108 Bl
HRT CSSEE 0B {LRRR TS8R B ok =5 £(11)olcR SRBR Bliklg 12EH fStolc Bhir
BT S5 BIYSly |<F 1001028 KR £(02)2BRIoIRE WRISRE LO)SERE 2HeRRA
ZoS3RE B23 kR KR)E~VIr 23R B PRE BIYS BIRA RL CRI2Z8 IMpRRA I 3v S

TRBR IelyF TXR BRSIv B&R BllyR 6RRA & #lo
Bk 6 Rt ok

13 TSl B iRlo%|o TTI0RBED IR BSE FRE BHTSOREIXEE 20 kX ¥RE o
RT TR binSlolREHAk toRk Rl loSlolRE5Hid |0 6 SlolRESIYid SERT vivikeid foslo
R8It [0 ‘SlolRBIte SRR BREEL Thin 2R WRERT 03MR loFloRElx|x lo 'BSlokE
lxl¥ SERE LEERE YRAIERE e w5 {ctolcf oRkloRE '3RR 2 @k IR A Bixk 32 BICR

1303 lotws T loRiIxfR SRE KIYR
R SRR/ CRA W6 kT BIXRE YRie+§ I8 BRA Bkl BYESTA k2B BRI T YR
Rzl l2l2& TSAH 2k SERE Ty SRI0IRB TSk BRA lojedR BR 3 Ik 3RRA 2 llo

T i 2ic e YTHIo 0B R
o S {CiE S8 L BIYRR B
RE & 32k T2 21 Iolo TSk BRAR 501|028 Hels 3T 6T’ 0.00€ - 052 ts 2SR A

Fiol¥28 S SikREY BlxRE 3S2IYR WRiRR sk 3R 5o les PIE TR TSKR
2 &1 lof2(enspuidolyNio TRR [B(0LRI01ZE Sos SHe iy BRBRII RN 02 BIA Itk BT

9€28800 -€00Z5 tesHcR

Page 1322 of 1542



= E

T 1028 8467 R LRR He TSRE B RIERA [0(P0L)%ES8 631 2 B2tk e C &
TieRfR T4 BRR BB SloREIXIZE 311 ol ¥R S(PoL)FI0IRB R 2R ‘Friold _JW%W
'S

R0{28 BR2Z A2 LR SHe ToRE Bz BTR WWos') - 00t s 2OUR 1R 'Iriold ?%M _W
b

B loi2® 882 R LRR e TSkE 8z AR
R BONR &SRIXR BR2 G501 SoRB Ak 26 lR&ER I(001)SI0RESIVI3 ICR 'Iiofs bR Iy

e RER

BloRE 852 R LR 3 35kE B Rwlo B2 3% BRA 3
OL)FoIRBIRK I£R 'BiA Slxtodlo IR<E 20L)Solk2Tlyid f501)=0RBIx]Y R 'Frioys koRt Iy

TRER

‘B 102R BER R wBR ittodlo T(POVF0RBRED SHeR R BREB{0 bEeR 5225
oRBlxRE [5(02)2BFRIoIXE Iy & ¥XRE IZRT 38 li(aoL)sokBhk [c& € (doL)=oRS
FHZ FASRTH Prioes B(aoL)slolrBIAke o {(A0L)SI0RBIRIe SRR BR2R8L B4 ¢ osER
E&SSAR BRI oS oRBlxx |0 'BEo)SoRB|xly 2SHE WGSERE oisRE {¢(1)olcR

| BR

R o (29)

R i T E S8 & BisZ SR o & RIYRR B8RP

R BREBID #N WSERRE rhE Bi5 WFESTVIA AERA IriokoRE lofBlki lo2ix S8 IoRlo
2B HIYRR R S ¥ @kix |2/ T84 IR 85F RRE RAETSI0RBI¥RE {2 hRE XRE
Ak ATRR PSERE WRIFRE Ik £I5 {ctolf2 IoRlo28 'Rielc oRfA & lof 51 RN Flo

% BRRk

PO 2B B L Bl 2B l6i5@o)sokrBAk RIS RED S5xd B00R B3R
wws'h - 00') $5 Frio(aot)slolle 8take R8< B0 12(001)S(olR B3 1R o 'BIXIS [kKieRi (0
0V TlolRBEHS 2odE B o I8k HEX SERA IORR{ 2AR =00L)SloRBSHIB IR flo

-
2 kixtoHlo 0BR BB 3 A led B(rPoL)ES B4 BRI 20 Bleshk e BPoL)s0lRBR40 to
B rRiir =0o1)SloR8si3 ReR P SI0REBRD ICR 'BERA I0BRIU riololy(pol)Tiolk
#AR0 B5Z2)sloRBIXIRE B (SRR BI6 KT RRR BlIxRkRE FO0LEI0RE A & BS

9€Z8800 €002 el &

—y

Page 1323 of 1542



27158 5§2003- 0088236

b

o
N =
T S
- \ / { i
AN -2
o :
BN
(2]
<
ﬁ..lxknx —
It
s =
6\.!
o
/w/ - ]

Page 1324 of 1542



BI1E 8] §2003- 0088236

Page 1325 of 1542



This Page is Inserted by IFW Indexing and Scanning
Operations and is not part of the Official Record

BEST AVAILABLE IMAGES

Defective images within this document are accurate representations of the original
documents submitted by the applicant.

Defects in the images include but are not limited to the items checked:

J BLACK BORDERS
LJ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES
(] FADED TEXT OR DRAWING
(] BLURRED OR ILLEGIBLE TEXT OR DRAWING
(] SKEWED/SLANTED IMAGES
%\COLOR OR BLACK AND WHITE PHOTOGRAPHS
UJ GRAY SCALE DOCUMENTS
U] LINES OR MARKS ON ORIGINAL DOCUMENT
U REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY

) OTHER:

IMAGES ARE BEST AVAILABLE COPY.
As rescanning these documents will not correct the image

problems checked, please do not report these problems to
the IFW Image Problem Mailbox.

Page 1326 of 1542



(12) INTERNATIONAL APPLICATIO P@.P%PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

0 O G

(43) International Publication Date (10) International Publication Number

1 November 2001 (01.11.2001) PCT WO 01/82297 Al

(51) International Patent Classification’; G11B 7/24 (74) Agent: DEGUELLE, Wilhelmus, H., G.; Internationaal
Octrooibureau B.V., Prof. Holstlaan 6, N1.-5656 AA Eind-

(21) International Application Number:  PCT/EP01/04028 hoven (NL).

(22) International Filing Date: 9 April 2001 (09.04.2001) (81) Designated States (national): CA, CN, JP, KR, MX, RU.

(25) Filing Language: English (84) Designated States (regional): Europcan patent (AT, BE,

CH, CY, DE, DK, ES, FlI, FR, GB, GR, IE, IT, LU, MC,

NL, PT, SE, TR).

(26) Publication Language: English )
Published:

(30) Priority Data: ~—  with international search report

00201488.4 20 April 2000 (20.04.2000) EP

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(71) Applicant: KONINKLIJKE PHILIPS ELECTRON-
ICS N.V. [NL/NL]; Groenewoudseweg 1, NL-5621 BA
Eindhoven (NL).

(72) Inventor: ZHOU, Guo-Fu; Prof. Holstlaan 6, NL-5656
AA Eindhoven (NL).

BEST AVAILABLE COPY

(54) Title: OPTICAL RECORDING MEDIUM AND USE OF SUCH OPTICAL RECORDING MEDIUM

2

////////////////////"B

2< \\\\\\\\\\\)\\\\\\\\\ :7
\\\\\\\\\\\\\\\\\\\\\\\\\Q&\ N-5

G0

-

(57) Abstract: The optical recording medium (20) has a substrate (1) and a stack (2) of layers provided thereon. A phase change
recording layer (5), having a melting point Ty, is sandwiched between a first (3) and a second (7) dielectric layer. A crystallization-
accelerating layer (4, 6) is being interposed in contact with the recording layer (5). Further a reflective layer (8) is present and an
optional cover layer (9). The crystallization-accelerating layer (4, 6) consists of a binary metal alloy or a semiconductor and has a
melting point Trmg at least 250 °C higher than the melting point Trp of the recording layer (5) and has a crystal structure similar to
the crystalline state of the recording layer (5).
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Optical recording medium and use of such optical recording medium

The invention relates to an optical recording medium having a substrate and a
stack of layers provided thereon, the stack comprising a recording layer, having a melting
point Tpp and being able to change between an amorphous and a crystalline state, sandwiched
between a first and a second dielectric layer, the first being adjacent to the substrate, a
crystallization accelerating layer being interposed in contact with the recording layer, and a
reflective layer.

The invention also relates to the use of such an optical recording medium.

An optical recording medium of the type mentioned in the opening paragraph
is known from Japanese patent application JP-09161316 A. In the known medium the state of
the recording layer locally changes from crystalline to amorphous when data are optically
recorded.

Optical data storage based on the phase change principle is attractive, because
it combines the possibilities of direct overwrite (DOW) and high storage density with easy
compatibility with read-only optical data storage systems. Phase-change optical recording
involves the formation of submicrometer-sized amorphous recording marks in a crystalline
film using a focused relatively high power laser-light beam. During recording information,
the medium is moved with respect to the focused laser-light beam that is modulated in
accordance with the information to be recorded. Due to this, quenching takes place in the
phase-change recording layer and causes the formation of amorphous information bits in the
exposed areas of the recording layer that remains crystalline in the unexposed areas. Erasure
of written amorphous marks is realized by recrystallizing through heating with the same laser
at an intermediate power level, without melting the recording layer. The amorphous marks
represent the data bits, which can be read, e.g. via the substrate, by a low-power focused
laser-light beam. Reflection differences of the amorphous marks with respect to the
crystalline recording layer bring about a modulated laser-light beam which is subsequently
converted by a detector into a modulated photocurrent in accordance with the recorded digital

information.
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One of the most important demands in phase-change optical recording is a

high data rate, which means that data can be written in and read from the medium with a rate

of at least 30Mbits/s. A high data rate requires the recording layer to have a high

crystallization rate, i.e. a short crystallization time. To ensure that the previously recorded
amorphous marks can be crystallized during direct overwrite, the recording layer should have
a proper crystallization time to match the velocity of the medium relative to the laser-light
beam, If the crystallization speed is not high enough to match the velocity of the medium
relative to the laser-light beam the amorphous marks from the previous recording,
representing old data, cannot be completely erased, meaning recrystallized, during DOW.
This causes a high noise level. A high crystallization speed is particularly required in high-
density recording and high data rate applications, such as disc-shaped DVD+RW, DVR-red
and blue which are abbreviations of new generation high density Digital Versatile Disc+RW,
where RW refers to the rewritability of such discs, and Digital Video Recording optical
storage discs, where red and blue refer to the used laser wavelength. For these new discs the
complete erasure time (CET) has to be at most 60 ns. CET is defined as the minimum .
duration of the erasing pulse for complete crystallization of a written amorphous mark in a
crystalline eﬁviromnc;x-lt, which is measured statically. For DVD+RW, which has a 4.7 GB
recording density per 120 mm disk, a user data bit rate of 33 Mbits/s is needed, and for DVR-
red said rate is 35 Mbits/s. For rewritable phase change optical recording systems such as
DVR-blue, a user data rate higher than 50 Mbits/s is required.

The known medium of the phase-change type comprises a disc-shaped
substrate carrying a stack of layers consisting, in succession, of a first dielectric layer, a
Sb,Tes layer as crystallization accelerating layer, a Sb layer as a composition correcting layer,
a recording layer of a phase-change Sby,Tey; alloy, a second dielectric layer and a metal
reflective layer. Such a stack of layers can be referred to as an INP’PIM structure, wherein M
represents a reflective or mirror layer, I represents a dielectric layer and P represents a phase-
change recording layer while P’ represents a composition correction layer which mixes with
the recording layer at first recording. A crystallization accelerating layer N of Sb,Te;, has
been arranged between the first dielectric layer and the correction and the recording layer to
achieve a fast crystallization of the medium during erasing information in the medium by
means of a laser-light beam. In the known recording medium the N layer has a melting point
of 618°C, only 68°C higher than the melting point 550°C of the P layer. The melting point of
the known N layer is relatively close to the melting point of the P layer causing the N layer to

dissolve in the correction and recording layer P’P after one or at best a few recording/erasure
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cycles, whereafter the crystallization accelerating layer N is no longer present and its
crystallization-accelerating action is lost.

For complete erasure of an amorphous mark, two processes occur, i.e.

" nucleation and grain (crystallite) growth. An investigation of the known recording medium

has revealed that the known crystallization-accelerating layer N is merely a nucleation-
promoting layer.

It is a disadvantage of the known medium that its crystallization accelerating
layer only functions for at most a few recording and erasing cycles. This is not sufficient for
modern erasable media, which require a stable performance for at least a thousand of

recording and erasing cycles.

It is an object of the invention to provide an optical recording medium of the
kind described in the opening paragraph, which is suitable for high speed rewritable optical
recording, having a CET-value of at most 60 ns.

It is another object of the invention to provide an optical recording medium of
the kind described in the opening paragraph, which is suitable for rewritable optical
recording, having a stable performance for at least 10° recording and erasing cycles.

This object is achieved in accordance with the invention by an optical
recording medium as described in the opening paragraph, which is characterized in that the
crystallization accelerating layer
- comprises a material selected from the group consisting of binary metal alloys,
semiconductors elements and semiconductor alloys and
- has a melting point Tp,g at least 250°C higher than the melting point Ty, of the
recording layer and
- has a crystal structure similar to the crystalline state of the recording layer.

The crystallization accelerating layer according to the invention, which will
also be abbreviated as G, yields a high crystallization speed of the recording layer because the
amorphous marks of the recording layer are in contact with the G-layer. This accelerates the
crystallite growth process, leading to a higher crystallization speed. Especially because the
crystal structure of the G-layer is similar to, or even the same as, the structure of the
crystalline state of the recording layer the crystallization rate of amorphous marks is
advantageously increased. The crystal structure of the G-layer then serves as a very good
grain growth initialization or nucleation layer for crystallite growth in the recording layer.
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The G-layer is always present adjacent to a thermally isolating layer, here the first or second

dielectric layer, because a stack having a G-layer between the recording layer and the

substrate or the reflection layer cannot realize the desired thermal properties.

An advantage of the G-layer, comprising a material selected from the group
consisting of binary metal alloys, semiconductors and semiconductor alloys, is that it has a
high melting point. This counteracts dissolving of the G-layer in the recording layer and
maintenance of the crystalline structure for a large number of recording and erasing cycles.
During recording, the maximum temperature in the recording layer is about 800°C, which is
about 1.4 times Trp for a recording layer with a Ty, of 550°C. This may be deduced from a
temperature calculation based on the presented laser energy during recording and the physical
properties of the stack. The melting temperature Trmg of the G-layer has to be above this
maximum temperature so that the G-layer remains in crystalline state when the recording
layer is melted.

Therefore, the melting temperature difference between recording layer and G-
layer should be 250°C or larger, but preferably 300°C or larger, taking into consideration a
safety margin.

Preferred materials, which may be used as G-layer, are PbTe, AgaTe, CrTe, Ge
and Si.

In an embodiment of the recording medium the G-layer is arranged between
the recording layer and the second dielectric layer. The thickness of the G-layer may be
chosen between 0.1 and 10 nm. The thermal conductivity of the crystallization-accelerating
layer is generally comparable to that of the recording layer, which is an alloy of metals.
However this only has a small effect on the thermal behaviour of the stack because the
thickness of the G-layer is generally relatively small compared to the other layers in the
stack., This facilitates the thermal design of the stack.

In another embodiment the crystallization time is reduced further in that a
second G-layer is arranged between the recording layer and the first dielectric layer. Thus a
G-layer is arranged on both sides of the recording layer. The second G-layer may be of a
material similar or identical to the material of the other G-layer. The crystallization time is
reduced because now a crystalline layer, which accelerates the crystallite growth process, is
present against the recorded amorphous mark on both sides. The thicknesses of the G-layers
are between 0.1 and 10nm, preferably lower than 5 nm.

In a specific embodiment the two G-layers present on either side of the

recording layer are substantially equal both in thickness and in composition. Equal in
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thickness means to within 10% of each other. The equality of the thicknesses is advahtageous
in the manufacturing of the medium. In general the stack is deposited by evaporation or by

sputtering in a vacuum chamber, where substrates move stepwise along a series of stations

having targets of different compositions. The dwell time at each station is about equal, and
the thickness of the layer deposited at a station is determined in part by switching the
deposition process on and off. Consequently, the deposition of a relatively thin layer may
require less time than available at a station, whereas the deposition of a relatively thick layer
may even require two adjacent stations having the same target. It is therefore advantageous to
choose to replace a relatively thick layer and a relatively thin layer by two layers of about
equal thickness and composition, thereby reducing the number of deposition stations and the
manufacturing time of a stack.

In a specific embodiment the recording layer comprises an alloy of Q, In, Sb

and Te, wherein Q is selected from the group consisting of Ag and Ge.
The preferred composition comprises Qa4 Inp, Sbe Ted (in atomic percentages),

wherein Q is selected from the group consisting of Ag and Ge;
2<as<9
0<b=6
- 55<¢c<80

16£d<30;a+b+c+d=100.

In another specific embodiment the recording layer comprises a compound of
Ge, Sb and Te. The preferred composition of this compound is defined by the formula

GesgxSbagaoxTeg0.10x (in atomic percentages), wherein 0.166 < x < 0.444;

the recording layer having a thickness of 5 to 35 nm;

This composition exists on a part of the line connecting the compounds GeTe
and Sb,Te; in the triangular Ge-Sb-Te composition diagram and includes the stoichiometric
compounds Ge;Sb,Tes (x = 4/9), GeSbaTes (x = 2/7) and GeSbyTe, (x = 1/6). Especially
these ternary stoichiometric compounds are preferred, because these materials crystallize
rapidly since no segregation is required during crystallization.

The first and second dielectric layers are preferably made of a mixture of ZnS
and Si0,, e.g. (ZnS)go(Si02)20. The layers may alternatively be made of SiO,, TiO,, Ta;0s,
ZnS, AIN and/or Si3Ns. The dielectr@c layer through which the laser light enters the stack
preferably has a thickness of 70 to (70+A/2n) nm wherein n is the refractive index of the first
dielectric layer and A is the wavelength of the read/write laser-light beam. If the total
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thickness is smaller than 70 nm, the cyclability is reduced considerably. The cyclability is
measured by the relative change of the dptical contrast My after a large number of DOW-

. cycles, e.g. 10>, The optical contrast M is defined as |[Rc-Ra)/Rc, where Rc and Ry are the

reflections of the recording material in the crystalline and amorphous state respectively.
Another way to deﬁné cyclability is related to jitter increase of the medium. Jitter is a
measure of the distortion of the shape of a recording mark, and is measured as a time shift of
rising and falling edges in the information signal. The jitter of the medium should be at a low,
constant level during at least 10> DOW-cycles. ‘

As mentioned above the total thickness of the first dielectric layer is preferably
smaller than (70+A/2n) nm. A larger total thickness does not further increase the cyclability
and is more expensive to make. If for example the wavelength is equal to 630 nm and the
refractive index is 1.5, the thickness range extends from 70 nm to 280 nm,

_ The dielectric layer, which is closest to the reflective layer, has a thickness of
10 to 40 nm. Preferably the thickness of the dielectric layer adjacent to the reflective layer is
larger than or equal to 15 nm. A smaller thickness results in an increased cooling rate of the

recording layer and, consequently, an undesirable increase in the write power. The thickness

 is preferably smaller than 40 nm. A larger thickness decreg_ses the thermal contact between

the recording layer and the reflective layer too much, resulting in too low a cooling rate of the
recording layer and a worse recording performance.

The reflective layer may comprise metals such as Al, Ti, Au, Ni, Cu, Ag and
Cr, and alloys of these metals. The reflective layer preferably has a thickness of 60 to 120
nm.

Both the reflective layers and the dielectric layers generally have been
provided by vapour deposition or sputtering.

Optionally an outermost layer may be present on the stack as a cover layer that
protects the underlying layers from the environment. The cover layer is made of, for example,
an UV light-cured poly(meth)acrylate.

Another specific embodiment is characterized in that the reflective layer is
present between the substrate and the first dielectric layer. Optionally a cover layer, that is
transparent for laser-light and has a surface which allows optical recording of information
into and readihg of information from the underlying recording layer with a focused laser-light
beam is present on top of the stack. Thus in this embodiment the optical recording medium is
written in and read out through the cover layer. This method is used in the new DVR discs
that were mentioned above. The cover layer of a DVR disc has a thickness of about 100
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micrometers. This cover layer allows the use, in optical disc recorders, of a read/write lens
with a high numerical aperture that is necessary for high density recording and reading.
Because the laser light enters the medium through the cover layer it may be necessary to
. adjust the thicknesses of the layers of the stack in order to optimize for optimal optical
5  contrast between recorded and unrecorded areas.
The term high-speed recording, which was mentioned above, is to be
- understood to mean in this context a linear velocity of the medium relative to the laser-light
beam of at least 7.2 m/s, which is six times the speed according to the Compact Disc
standard. The use of an optical recording medium according to the invention is therefore
10  advantageous because ﬁe crystallization rate is fast enough to permit at least this recording
velocity. The important parameter is the CET (in ns), which is defined above. The CET is
inversely proportional to the crystallization rate.
The substrate of the information medium generally is transparent to the laser
wavelength, and is made, for example, of polycarbonate, polymethy! methacrylate (PMMA),
15  amorphous polyolefin or glass. In a typical example, the substrate is disc-shaped and has a
diameter of 120 mm and a thickness of 1.2 mm, 0.6 mm or 0.1 mm for respectively low,
medium and high information density applications. .
Alternatively, the substrate may be in the form of a synthetic resin flexible
tape, made e.g. from a polyester film. This flexible tape, with a stack of layers deposited
20  thereon, is called an optical tape and can be suited for use in an optical tape recorder, which is
for example based on a fast spinning polygon. In such a device the reflected laser-light beam
scans transversely across the tape surface.
The surface of the disc-shaped substrate on the side of the recording layer is,
preferably, provided with a servotrack that can be scanned optically. This servotrack is often
25  constituted by a spiral-shaped groove and is formed in the substrate by means of a mould
during injection moulding or pressing. This groove can be alternatively formed in a
replication process in a synthetic resin layer, for example, of an UV light-cured layer of
acrylate, which is separately provided on the substrate. In high-density recording such a
groove has a pitch e.g. of 0.5 - 0.8 pm and a width of about half the pitch.
30 High-density recording and erasing can be achieved by using a short-
wavelength laser, e.g. with a wavelength of 675 nm or shorter (red to blue).
The phase change recording layer as well as the G—léyer can be applied by
vapour depositing or sputtering of a suitable target. The recording layer thus deposited is

amorphous and exhibits a low reflection. In order to constitute a suitable recording layer
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having a high reflection, this layer must first be completely crystallized, which is commonly
referred to as initialization. For this purpose, the recording layer can be heated in a furnace to

a temperature just above the crystallization temperature of the e.g. Ge-In-Sb-Te or Ge-Sb-Te

compound, e.g. 200°C. A synthetic resin substrate, such as polycarbonate, to which a high
temperature may cause damage, can alternatively be heated by a laser-light beam of sufficient
power. This can be realized, e.g. in a recorder, in which case a laser beam scans the moving
recording layer. The amorphous layer is then locally heated to the temperature required for
crystallizing the layer, without the substrate being subjected to a disadvantageous heat load.

If desired, an additional, optically transparent, metal layer M’ can be
interposed in the stack, thereby forming a so called MIRIM’-structure, wherein R represents
a layer stack comprising a recording layer and at least one crystallization accelerating layer
according to the present invention. Although the structure becomes more complicated, the
additional metal layer increases the cooling rate of the recording layer as well as the optical
contrast M.

Embodiments of the optical recording medium of the invention will be

described with reference to the drawings.

In the drawings:

Fig. 1 shows a schematic cross sectional view of a first embodiment of the
optical recording medium.

Fig. 2. shows a view as shown in FIG.1 of a second embodiment.

Fig. 3 shows a view as in FIG.2 of a third embodiment.

In Fig. 1 the optical recording medium 20 has a substrate 1 and a stack 2 of
layers provided thereon. The substrate 1 may be made of, for example, a sheet of plastic, e.g.
polycarbonate, or glass. In Fig. 1 the stack 2 comprises a phase change recording layer 5,
having a melting point Tmp and being able to change between an amorphous and a crystalline
state, that is sandwiched between a first 3 and a second 7 dielectric layer, the first 3 being
adjacent to the substrate 1. In this embodiment both the first dielectric layer 3 and the second
dielectric layer 7 are made of the material (ZnS)so(SiO2)20 and have a thickness of 125 nm
and 20 nm respectively. A crystallization accelerating layer 6, abbreviated as G-layer, is
interposed in contact with the recording layer 5, which comprises an alloy of Q, In, Sb and
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Te, wherein Q is selected from the group consisting of Ag and Ge. A reflective layer 8 is

present on top of the stack 2. Reflective layer 8 is a 100 nm layer of Al or an aluminjium

alloy, e.g. AlCr or AlTi. The crystallization accelerating layer 6 comprises a binary metal

alloy or a semiconductor element or semiconductor alloy and has a melting point Trmg at least
250°C higher than the melting point Ty, of the recording layer 5. The crystal structure of
these materials is similar to the crystalline state of the recording layer 5. In this embodiment
the recording layer 5 is made of Geg»Ins 28by;.1Te1o6, which has a thickness of 12 nm, The
embodiment shown has a cover layer 9 that may be made of an organic material, e.g. a UV-
cured resin. A focused laser-light beam with a wavelength A=405 nm enters the medium
through the substrate 1. This beam is diagrammatically illustrated by means of an arrow 10 in
Fig, 1.

In this embodiment, when using PbTe as G-layer, which has a thickness of 3
nm, the CET has been measured to be equal to 40 ns, which is sufficiently short to allow
high-speed recording. When no G-layer is present a minimal CET value of 48 ns can be
obtained. Other preferred materials as G-layer are Ag;Te, CtTe, Ge or Si. The melting points
Ting of bﬁlk PbTe, AgzTe, CrTe, Ge and Si are 914, 960, 1292, 936 and 1414°C respectively.
The write power for the medium is relatively low and is 9 mW at the entrance face of the
medium at a relative speed between the radiation beam and the medium of 7.2 n/s. The Ry
and R¢ are measured to be 4.3% and 23% respectively.

The cyclability is measured as the number of rewrite cycles where the jitter
has increased to 12% of the clock time Tc. The jitter is the standard deviation of the
difference between the rising and falling edges in the information signal and the data clock
recovered from the information signal. As an example, for a standard CD format written with
the so-called EFM code at the CD speed of 1.2 m/s and clock time of 230 ns, the jitter should
be lower than 28 ns. The number of overwrite cycles before deterioration of the mediun
becomes noticeable, e.g. the jitter has increased to 12% of the clock time, is larger than 10°.
The jitter of a pattern read from the medium as a function of the overwrite cycle does not
show a large overshoot.

During writing, the recording layer 5 of GegIns 2Sby; 1Teg¢ is heated to a
temperature of about 750°C, well above its melting temperature, which is about 550°C. The
temperature during recording is below the melting temperature of the G-layer 6 comprising
PbTe. The high melting temperature of the material used for the G-layer neighbouring the

recording layer 5 therefore results in an increased cyclability of the recording medium.
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In application JP-09161316 A the crystallization accelerating layer N of
Sb,Tes, which has a melting point of 618°C, is thus heated above its melting temperature,

_causing the atoms in the layer to become mobile. These atoms are then able to diffuse into the

recording layer. The properties of the recording layer are affected by the influx of foreign
atoms, resulting in a deterioration of the recording process.

In Fig. 2 and Fig. 3 corresponding reference numerals denote the same layers
as in Fig. 1.

In Fig. 2 a second crystallization accelerating layer 4 similar to the
crystallization accelerating layer 6 is arranged between the recording layer 5 and the first
dielectric layer 3. Now G-layers 4, 6 are present on both sides adjacent to the recording layer
5. The G-layer 6 is made of PbTe and has a thickness of 1.5 nm. The second G-layer 4 is
substantially equal both in thickness and in composition to the G-layer 6. The recording layer
5 has a thickness of 10 nm. Further the characteristics of the stack 2 are the same as in Fig. 1.
The CET is measured to be 36 ns. The CET in this embodiment is smaller than in the
embodiment with only one G-layer, The Rx and R are measured to be 4.6% and 22%
respectively.

In Fig. 3 the reflective layer 8 is present between the substrate 1 and the first
dielectric layer 3. In this embodiment the laser light 10 is entering the stack 2 through the
cover layer 9 which has a thickness of 100 pm. The cover layer 9 has a uniform thickness,
thereby improving the optical read and write performance in underlying recording layers
when the read or write laser beam passes through said cover layer 9. For example a 100 pm
cover layer 9 is used for the new 60 mm radius Digital Video Recording (DVR) disc. This
disc is recorded in and read out through this cover layer 9, which therefore has to be of good
optical quality. Preferably, the cover layer 9 is 100+/-3 pm thick up to radius 58.5 mm. The
cover layer 9 is made from a UV-cured resin. Dielectric layer 3 and 7 have a thickness of 20
nm and 125 nm respectively and are made of the same dielectric material as in Fig. 1, G-layer
4, 6 are made of the same material as in Fig. 2 and both have a thickness of 1.5 nm.
Recording layer 5 has a thickness of 10 nm. For characteristics that are not specifically
mentioned reference is made to the description of Fig. 1.

Preferably, for all embodiments, the surface of the disc-shaped substrate 1 on
the side of the stack 2 is provided with a servotrack that can be scanned optically. This
servotrack is often constituted by a spiral-shaped groove and is formed in the substrate by
means of a mould during injection moulding or pressing. This groove can be alternatively

formed in a replication process in a synthetic resin layer, for example, of an UV light-cured
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layer of acrylate, which is separately provided on the substrate 1. In high-density recording
such a groove has a pitch e.g. of 0.5 - 0.8 um and a width of about half the pitch.
In a modification of the recording medium of Fig. 3, the recording layer 5
‘ comprises an alloy of Ge, Sb and Te, e.g. Ge;Sb,Tes,

5 It should be noted that the above-mentioned embodiments illustrate rather than
limit the invention, and that those skilled in the art will be able to design many alternative
embodiments without departing from the scope of the appended claims. In the claims, any
reference signs placed between parentheses shall not be construed as limiting the claim. The
word "comprising” does not exclude the presence of elements or stéps other than those listed

10 inaclaim. The word "a" or "an" preceding an element does not exclude the presence of a
plurality of such elements. The mere fact that certain measures are recited in mutually
different dependent claims does not indicate that a combination of these measures cannot be
used to advantage.

According to the invention an optical recording medium is provided, which is

15  suitable for high speed recording, e.g. with a possiblf: data rate higher than 50 Mbits/s, and

which is suitable for direct overwrite for a least 10° times.
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CLAIMS:

1. An optical recording medium (20) having a substrate (1) and a stack (2) of
layers provided thereon, the stack comprising a recording layer (5), having a melting point
Tmp and being able to change between an amorphous and a crystalline state, sandwiched
between a first (3) and a second (7) dielectric layer, the first (1) being adjacent to the
substrate (1), a crystallization accelerating layer (4, 6) being interposed in contact with the
recording layer (5), and a reflective layer (8), characterized in that the crystallization
accelerating layer (4, 6) .

- comprises a material selected from the group consisting of binary metal alloys,
semiconductors elements and semiconductor alloys and

- has a melting point Trg at least 250°C higher than the melting point Ty, of the
recording layer (5) and

- has a crystal structure similar to the crystalline state of the recording layer (5).

2. An optical recording medium (20) as claimed in Claim 1 characterized in that
the crystallization accelerating layer (4, 6) comprises a material selected from the group
consisting of PbTe, Ag,Te, CrTe, Ge and Si.

3. An optical recording medium (20) as claimed in any of Claims 1 or 2,
characterized in that the crystallization accelerating layer (6) is arranged between the
recording layer (5) and the second dielectric layer (7).

4. An optical recording medium (20) as claimed in Claim 3, characterized in that
a second crystallization accelerating layer (4) similar to the crystallization accelerating layer
(6) is arranged between the recording layer (5) and the first dielectric layer (3).

5. An optical recording medium (20) as claimed in Claim 4, characterized in that
the second crystallization accelerating layer (4) is substantially equal both in thickness and in

composition to the crystallization accelerating layer (6).
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6. An optical recording medium (20) as claimed in Claim 1, characterized in that
the recording layer (5) comprises an alloy of Q, In, Sb and Te, wherein Q is selected from the

group consisting of Ag and Ge

5 17 An optical recording medium (20) as claimed in Claim 1, characterized in that
the recording layer (5) comprises an alloy of Ge, Sb and Te.

8. An optical recording medium (20) as claimed in Claim 1, characterized in that
the reflective layer (8) is present between the substrate (1) and the first dielectric layer (3).

10
9. The use of an optical recording medium (20), which medium is claimed in any
one of the preceding claims, characterized in that the linear velocity of the medium relative to
a laser-light beam (10) is at least 7.2 m/s.
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PATENT
Customer No. 22,852
Attorney Docket No. 9140.0016-00

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:
ZHANG, Hongmei et al. Group Art Unit: 2823
Filed: March 16, 2002

For: BIASED PULSE DC REACTIVE
SPUTTERING OF OXIDE FILMS

)
)
)
)
Application No.: 10/101,863 ) Examiner; ESTRADA, Michelle
)
)
)
) Confirmation No.: 6938
)

MAIL STOP AMENDMENT
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

PETITION FOR EXTENSION OF TIME

Applicant petitions for a two month extension of time to reply to the Office action of
September 9, 2006. The Commissioner is hereby authorized to charge the fee of $450.00 to
Deposit Account No. 06-0916.

Please grant any extensions of time required to enter this response and charge any
additional required fees to our deposit account 06-0916.

Respectfully submitted,

FINNEGAN, HENDERSON, FARABOW,
GARRETT & DUNNER, L.L.P.

Dated: February 6, 2007 By:
, ry/J. Edwards
Reg. No. 41,008
EXPRESS MAIL LABEL NO.
EV 955594467 US

02/12/2007 EFLORES 00000096 060916 10101863
01 FC:1252 450.00 DA
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For:  BIASED PULSE DC REACTIVE

- 2I07 ﬂ

PATENT
Customer No. 22,852
Attorney Docket No. 9140.0016-00

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:

ZHANG, Hongmei et al. Group Art Unit: 2823

Filed: March 16, 2002

)

)

)

)

Application No.: 10/101,863 ) Examiner: ESTRADA, Michelle

)

)

)

) Confirmation No.: 6938

)

SPUTTERING OF OXIDE FILMS

MAIL STOP AMENDMENT
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

TWELFTH SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT
UNDER 37 C.F.R. § 1.97(c)

Pursuant to 37 C.F.R. §§ 1.56 and 1.97(c), Applicant brings to the attention of the
Examiner the documents on the attached listing. This Information Disclosure Statement is being
filed after the events recited in Section 1.97(b) but, to the undersigned's knowledge, before the
mailing date of either a Final action, Quayle action, or a Notice of Allowance. Under the
provisions of 37 C.F.R. § 1.97(c), the Commissioner is hereby authorized to charge the fee of
$180.00 as specified by Section 1.17(p) to Deposit Account No. 06-0916.

Copies of the listed non-patent literature documents are attached. A copy of the U.S.
patent publications is not enclosed.

Applicant respectfully requests that the Examiner consider the listed documents and

indicate that they were considered by making appropriate notations on the attached form.

03/21/2007 EEKUBAY1 00000028 060916 10101863

01 FC:1806

180.00 DR
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This submission does not represent that a search has been made or that no better art exists
and does not constitute an admission that each or all of the listed documents are material or
constitute "prior art." If the Examiner applies any of the documents as prior art against any claim
in the application and Applicant determines that the cited documents do not constitute "prior art"
under United States law, Applicant reserves the right to present to the office the relevant facts
and law regarding the appropriate status of such documents.

Applicant further reserves the right to take appropriate action to establish the patentability
of the disclosed invention over the listed documents, should one or more of the documents be
applied against the claims of the present application.

If there is any fee due in connection with the filing of this Statement, please charge the
fee to our Deposit Account No. 06-0916.

Respectfully submitted,

FINNEGAN, HENDERSON, FARABOW,
GARRETT & DUNNER, L.L.P.

Dated: March 19, 2007

EXPRESS MAIL LABEL NO.
EV 977728611 US
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IDS Form PTO/SB/@ \Substitute for form 1449A/PTO Complete if Known
MAR 19 2007 Application Number 10/101,863
INFO ATION DISCLOSURE Filing Date March 16, 2002
First Named Inventor ZHANG, Hongmei
AFEMENT BY APPLICANT Lt AL
" (Use as many sheets as necessary) Examiner Name ESTRADA, Michelle
Sheet | 1 ] of | 1 Attorney Docket Number | 9140.0016-00
U.S. PATENTS AND PUBLISHED U.S. PATENT APPLICATIONS
Examiner Cite Document Number Issue or Name of Patentee or Pages, Columns, Lines, Where
Initials No.' ) 2 Publication Date Applicant of Cited Document Relevant Passages or Relevant
Number-Kind Code® (i known) MM-DD-YYYY Figures Appear
US-2001/0034106 A1 10-25-2001 | Moise et al.

Note: Submission of copies of U.S. Patents and published U.S. Patent Applications is not required.

NON PATENT LITERATURE DOCUMENTS

Examiner | Cite Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
Initials’ No.' (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s),
publisher, city and/or country where published. ‘

Response to Office Action and Terminal Disclaimer dated March 1, 2007, in U.S.
Application No. 10/291,179 (Attorney Docket No. 9140.0001-00).
Response to Office Action dated March 1, 2007, in U.S. Application No. 11/100,856
(Attorney Docket No. 9140.0015-01).
Office Action dated March 14, 2007, in Application No. 10/954,182 (Attorney Docket
No. 9140.0016-01).
Response to Office Action dated February 20, 2007, in U.S. Application No.
10/650,461 (Attorney Docket No. 9140.0025-00).
Office Action dated March 6, 2007, in U.S. Application No. 10/650,461 (Attorney
Docket No. 9140.0025-00).
Notice of Allowance dated February 21, 2007, in U.S. Application No. 10/789,953
(Attorney Docket No. 9140.0030-00).
Notice of Allowance dated February 22, 2007, in U.S. Application No. 10/851,542
(Attorney Docket No. 9140.0033-00).

Examiner Date

Signature Considered

EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through

citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

EXPRESS MAIL LABEL NO.
EV 977728611 US
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PATENT
Customer No. 22,852
Attorney Docket No. 9140.0016-00

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:
ZHANG, Hongmei et al. Group Art Unit: 2823
Filed: March 16, 2002

For: BIASED PULSE DC REACTIVE
SPUTTERING OF OXIDE FILMS

)

)

)

)

Application No.: 10/101,863 ) Examiner: ESTRADA, Michelle

)

)

)

) Confirmation No.: 6938

)

MAIL STOP AMENDMENT
Commissioner for Patents
P.O. Box 1450

- Alexandria, VA 22313-1450

Sir:

FOURTEENTH SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT
UNDER 37 C.F.R. § 1.97(¢c)

Pursuant to 37 C.F.R. §§ 1.56 and 1.97(c), Applicant brings to the attention of the
Examiner the documents on the attached listing. This Information Disclosure Statement is being
filed after the events recited in Section 1.97(b) but, to the undersigned's knowledge, before the
mailing date of either a Final action, Quayle action, or a Notice of Allowance. Under the
provisions of 37 C.F.R. § 1.97(c), the Commissioner is hereby authorized to charge the fee of
$180.00 as specified by Section 1.17(p) to Deposit Account No. 06-0916.

Copies of the listed non-patent literature documents are attached. Copies of the U.S.
patent and patent publication are not enclosed.

Applicant respectfully requests that the Examiner consider the listed documents and

indicate that they were considered by making appropriate notations on the attached form.
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This submission does not represent that a search has been made or that no better art exists
and does not constitute an admission that each or all of the listed documents are material or
constitute "prior art." If the Examiner applies any of the documents as prior art against any claim
in the application and Applicant determines that the cited documents do not constitute "prior art"
under United States law, Applicant reserves the right to present to the office the relevant facts
and law regarding the appropriate status of such documents.

Applicant further reserves the right to take appropriate action to establish the patentability
of the disclosed invention over the listed documents, should one or more of the documents be
applied against the claims of the present application.

If there is any fee due in connection with the filing of this Statement, please charge the
fee to our Deposit Account No. 06-0916.

Respectfully submitted,

FINNEGAN, HENDERSON, FARABOW,
GARRETT & D , LL.P.

Dated: March 30, 2007 By:

J. Bdwéfds
Reg. Né. 41,008

EXPRESS MAIL LABEL NO.
EV 977728497 US
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IDS Form PTOISBIM, Substitute for form 1449A/PTO Complete if Known
Application Number 10/101,863
w3 WFORMATION DISCLOSURE ingDats __ Marh 16,2007
?%% STATEMENT BY APPLICANT A’,'fUmf'"a it T T e
7& %Se as many sheets as necessary) Examiner Name ESTRADA, Michelle
Sheet | 1 | of | 1 Attomey Docket Number | 9140.0016-00
U.S. PATENTS AND PUBLISHED U.S. PATENT APPLICATIONS
Examiner | Cite Document Number Issue or Name of Patentee or Pages, Columnns, Lines, Where
! Relevant Passages or Relevant

Initials No.

Publication Date Applicant of Cited Document

Number-Kind Code? (i known) MM-DD-YYYY Figures Appear
US-6,391,166 B1 05-21-2002 |Wang
US-20070053139 A1 | 03-08-2007 |Zhang et al.

Note: Submission of copies of U.S. Patents and published U.S. Patent Applications is not required.

NON PATENT LITERATURE DOCUMENTS

Examiner

Cite
Initials !

No.

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
(book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s),

publisher, city and/or country where published.

Response to Office Action dated March 19, 2007, in U.S. Application No.
09/903,081 (Attorney Docket No. 9140.0014-00).

Response to Office Action dated March 30, 2007, 10/954,182 (Attorney Docket
No. 9140.0016-01).

| Notice of Allowance dated March 26, 2007, in U.S. Application No. 11/228,805
(Attorney Docket No. 9140.0030-01).

Supplemental Notice of Allowance dated March 15, 2007, in U.S. Application
No. 10/851,542 (Attorney Docket No. 9140.0033-00).

Voluntary Amendment dated March 8, 2007, in TW Appl. No. 93114518
(Attorney Docket No. 9140.0033-00270).

Application filed March 22, 2007 (Attorney Docket No. 9140.0033-01).

Examiner
Signature

Date
Considered

EXAMINER: Initial if reference considered, whether or not citation is in conforrnance with MPEP 609. Draw line through
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

EXPRESS MAIL LABEL NO.
EV 977728497 US
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UNITED STATES PATENT AND TRADEMARK OQFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0. Box 1450

Alexandria, Virginia 22313-1450

Www.uspto.gov

APPLICATION NO. l FILING DATE FIRST NAMED INVENTOR ] ATTORNEY DOCKET NO. l CONFIRMATION NO,
10/101,863 03/16/2002 Hongmei Zhang 9140.0016-00 6938
22852 7590 05/02/2007 ’ I EXAMINER
FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER
LLP ESTRADA, MICHELLE
901 NEW YORK AVENUE, NW
WASHINGTON, DC 20001-4413 l ART UNIT | PAPERNUMBER
2823
l MAIL DATE l DELIVERY MODE
05/02/2007 PAPER

Please find below and/or attached an Office communication éoncerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)
10/101,863 ZHANG ET AL.

Office Action Summary Examiner Art Unit
Michelle Estrada ' 2823

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply :

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- IfNO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely fited, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

1) Responsive to communication(s) filed on 06 February 2007.
2a)l This action is FINAL. 2b)_] This action is non-final.
3)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4)X Claim(s) 2-13,21-24 and 40-60 is/are pending in the application.
4a) Of the above claim(s) is/are withdrawn from consideration.
5)] Claim(s)_____is/are allowed.
6)X Claim(s) 2-13,21-24 and 40-60 is/are rejected.
7)1 Claim{(s) _____is/are objected to.
8)] Claim(s) _____ are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)_] The drawing(s) filed on is/are: a)[_] accepted or b)[_] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[_] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)JAIl b)[]Some * ¢)[_] None of:
1. Certified copies of the priority documents have been received.
2.[] cCertified copies of the priority documents have been received in Application No. ____
3.[] Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) [ Notice of References Cited (PTO-892) 4) [ Interview Summary (PTO-413)

2) [J Notice of Draftsperson’s Patent Drawing Review (PT0-948) Paper No(s)/Mail Date. ____.

3) [ Information Disclosure Statement(s) (PTO/SB/08) 5) L] Notice of Informal Patent Application
Paper No(s)/Mail Date 2/6/07,3/30/07,3/19/07. 6) D Other:

U.S. Patent and Trademark Office
PTOL-326 {Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20070430

Page 1355 of 1542



Application/Control Number:; 10/101,863 Page 2
Art Unit: 2823

DETAILED ACTION
Claim Rejections - 35 USC § 103
The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

{a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.

Claims 10-13, 21, 40-45 and 51-60 are rejected under 35 U.S.C. 103(a) as being
unpatentable over Smolanoff et al. (6,117,279) in view of Fu et al. (6,306,265).

With respect to claims 21, 40, 43 and 52, Smolanoff et al. disclose providing
pulsed DC power (21) through a filter (22) to a target (16) (Col. 5, lines 50-55); providing
RF bias power to a substrate (15) positioned opposite the target (Col. 5, lines 60-65);
providing process gas between the target and the substrate (Col. 7, lines 25-28);
wherein the filter protects a pulsed DC power supply (21) from the bias power, and
wherein a plasma is created by application of the pulsed DC power to the target (Col. 6,
lines 8-13) such that the target voltage opécillates between positive and negative
voltages; and wherein the film is deposited by exposure of the substrate to the plasma
(Col. 6, lines 30-33); using an specific type of filter is a matter of design choice
depending on the quality of product needed, and it is obvious that the filter is going to
work at certain frequencies. Furthermore, the limitation “the filter is a band rejection
filter at a frequency of the bias power” is a structural limitation in a method claim, so no

matter what filter is used, as long as the same result is achieved, as explained above.
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Application/Control Number: 10/101,863 Page 3
Art Unit: 2823

Smolanoff et al. do hot clearly disclose wherein conditioning the target includes
sputtering with the target in a metallic mode to remove the surface of the target and
sputtering with the target in a poisonous mode to prepare the surface.

Fu et al. disclose wherein conditioning the target includes sputtering with the
target in a metallic mode to remove the surface of the target and sputtering with the
target in a poisonous mode to pfepare the surface (Col. 19, lines 35-40).

It would have been within the scope of one of ordinary skill in the art to combine
the teachings of Smolanoff et al. and Fu et al. to enable the conditioning step of
Smolanoff et al. to be performed according to the teachings of Fu et al. because one of
ordinary skill in the art would have been motivated to look to alternative suitable
methods of performing the disclosed conditioning step of Smolanoff et al. and art
recognized suitability for an intended purpose has been recognized to be motivation to

combine. See MPEP 2144.07.

With respect to claims 8 and 52, Smolanoff et al. disclose wherein the process
gas includes a mixture of oxygen and argon (Col. 7, lines 21-27).

With respect to claim 10, Smolanoff et al. disclose wherein the process gas
further includes nitrogen (Col. 7, lines 25-26).

With respect to claim 11, Smolanoff et al. disclose wherein providing pulsed DC
power to .a target includes providing pulsed DC power to a target which has an area

larger than that of the substrate (See fig. 1).
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Application/Control Number: 10/101,863 Page 4
Art Unit: 2823

With respect to claims 12, 49 and 55, Smolanoff et al. disclose further including
uniformly sweeping the target with a magnetic field (Col. 6, lines 1-7). |

With respect to claims 13 and 50, Smolanoff et al. disclose wherein uniformly
sweeping the target with a magnetic field includes sweeping a magnet in one direction
across the target where the magnet extends beyond the target in the opposite direction
(Col. 6, lines 1-6).

With respect to claims 56-60, One of ordinary skill in the art would have been Ied
to the recited time puls'e, bias power and frequency to routine experimentation to
achieve a desire layer thickness, device dimension, device associated characteristics
and device density on the finished wafer in view of the range of values disclosed.

In addition, the selection of time pulse, bias power and frequency, its obvious
because it is a matter of determining optimum process conditions by routine
experimentation with a limited number of species of result effective variables. These
claims are prima facie obvious without showing that the claimed ranges achieve
unexpected results relative to the prior art range. In re Woodruff, 16 USPQ2d 1935,
1937 (Fed. Cir. 1990). See also In re Huang, 40 USPQ2d 1685, 1688 (Fed. Cir.
1996)(claimed ranges or a result effective variable, which do not overlap the prior art
ranges, are unpatentable unless they produce a new and unexpected result which is
different in kind and not merely in degree from the results of the prior art). See also In
re Boesch, 205 USPQ 215 (CCPA) (discovery of optimum value of result effective

variable in known process is ordinarily within skill or art) and In re Aller, 105 USPQ 233
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(CCPA 1995) (selection of optimum ranges within prior art general conditions is
obvious). |

Note that the specification contains no disclosure of either the critical nature of
the claimed time pulse, bias power and frequency or any unexpected results arising
therefrom. Where patentability is said to be based upon particular chosen time puise,
bias power and frequency or upon another variable recited in a claim, the Applicant
must show that the chosen time pulse, bias power and frequency are critical. In re

Woodruf, 919 F.2d 1575, 1578, 16 USPQ2d 1934, 1936 (Fed. Cir. 1990).

Claims 2-4, 6 and 22-24 are rejected under 35 U.S.C. 103(a) as being
unpatentable over Smolanoff et al. in view of Fu et al. as applied to claims 8, 10-13 and
21 above, and further in.view of the following comments.

With respect to claims 2-4, 6 and 22-24, 41, 42, 44-48, One of ordinary skill in the
art would have been led to the recited temperature, DC power, gas flow, time pulse and
bias power to routine experimentation to achieve a desire layer thickness, device
dimension, device associated characteristics and device densify on the finished wafer in
view of the range of values disclosed.

In addition, the selection of temperature, DC power, gas flow, time pulse and bias
power, its obvious because it is a matter of determining optimum ptocess conditions by
routine experimentatjon with a limited number of species of result effective variables.
These claims are prima facie obvious without showing that the claimed ranges achieve

unexpected results relative to the prior art range. In re Woodruff, 16 USPQ2d 1935,
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1937 (Fed. Cir. 1990). See also In re Huang, 40 USPQ2d 1685, 1688 (Fed. Cir. '
1996)(claimed ranges or a result effective variable, which do not overlap the prior art
ranges, are unpatentable unless they produce a new and unexpected result which is
different in kind and not merely in degree from the results of the prior art). See also In
re Boesch, 205 USPQ 215 (CCPA) (discovery df optimum value of result effective
variable in known process is ordinarily within skill or art) and In re Aller, 105 USPQ 233
(CCPA 1995) (selection of optimum ranges within prior art general conditions is
obvious). |

Note that the specification contains no disclosure of either the critical nature of
the claimed temperature, DC power, gas flow, time pulse and bias power or any
unexpected results arising therefrom. Where patentability is said to be based upon
particular chosen temperature, DC power, gas flow, time pulse and bias power or upon
another variable recited in a claim, the Applicant must show that thé chosen
temperature, DC power, gas flow, time pulse and bias power are critical. /n re Woodruf,

919 F.2d 1575, 1578, 16 USPQ2d 1934, 1936 (Fed. Cir. 1990).

Claims 7 and 9 are rejected under 35 U.S.C. 103(a) as being unpatentable over
Smolanoff et al. in view of Fu et al. as applied to claims 8, 10-13 and 21 above, and
further in view of Le et al. (2003/0077914).

The éombination of Smolanoff et al. and Fu et al. does not disclose wherein the
film is an upper cladding layer of a waveguide structure and the bias power is optimized

to provide planarization.
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With respect to claim 7, Le et al. disclose wherein the film is an upper cladding
layer of a waveguide structure and the bias power is optimized to provide planarization
Page 5, Paragraph [0075]. |

It would havé been within the scope of one of ordinary skill in the art to combine
the teachings of Smolanoff et al., Fu et al. and Le et al. to enable the film material of
Smolanoff et al. to be the same according to the teachings of Le et al. because one of
ordinary skill in the art would have been motivated to look to alternative suitable film
materials for the disclosed film formation step of Smolanoff et al. and art recognized
suitability for an intended purpose has been recognized to be motivation to combine.
See MPEP 2144.07.

With respect to claim 9, Le et al. disclose wherein the oxygen flow is adjusted to

adjust the index of refraction of the film (Page 5, Paragraph [0076]).

Response to Arguments |
Applicant's arguments filed 2/6/07 have been fully considered but they are not
persuasive. Applicant argues that Smolanoff et al. do not disclose a target voltage that
oscillates between positive and negative voltages. However, Smolanoff is using and RF
bias power, which will make the voltage to oscillate between positive and negative
voltages, it doesn't matter if they are using just the negative voltage it will osciliéte.
Applicant argues that Smolanoff et al. is directed to deposit conducing layers.

However, Applicant claim is directed to an oxide, it doesn’t say it can’'t be a conducting

Page 1361 of 1542



Application/Control Number: 10/101,863 _ Page 8
Art Unit: 2823

oxide. Therefore, the process suggested by Smolanoff et al. with the remaining

references is encompassed by the instant claims.

Conclusion

Applicant's amendment necessitated the new ground(s) of rejection presented in
this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP
§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37
CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within
TWO MONTHS of the mailing date of this final action and the advisory action is not
mailed until after the end of the THREE-MONTH shortened statutory period, then the
shortened statutory period will expire on the date the advisory action is mailed, and any
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of
the advisory action. In no event, however, will the statutory period for reply expire later

than SIX MONTHS from the date of this final action.
Any inquiry concerning this communication or earlier communications from the

examiner should be directed to Michelle Estrada whose telephone number is 571-272-

1858. The examiner can normally be reached on Monday through Friday.
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if attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Matthew Smith can be reached on '571-272-1907. The fax phone number
fof the organization where this application or proceeding is assigned is 571-273-8300.

Any ihquiry of a general nature or relating to the status of this application or
proceeding should be directed to the receptionist whose telephone number is 571-272-
2800.

Information regarding the status of an application may be obtained from the
Patent Application Information. Retrieval (PAIR) system. Status information for
published appli_cations may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197 (toli-free).

Michelle Estrada
Primary Examiner
Art Unit 2823

ME
April 30, 2007
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' | PATENT
Customer No. 22,852
Attorney Docket No. 10655.0016-00

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:

ZHANG, Hongmei et al. Group Art Unit: 2823

Application No.: 10/101,863 Examiner: ESTRADA, Michelle
Filed: March 16, 2002
Confirmation No.: 6938
For: BIASED PULSE DC REACTIVE
SPUTTERING OF OXIDE FILMS

R T i

MAIL STOP RCE
Commissioner for Patents
P.O. Box 1450

Alexandna, VA 22313-1450

Sir:

INFORMATION DISCLOSURE STATEMENT UNDER 37 C.F.R. § 1.97(b)

Pursuant to 37 C.F.R. §§ 1.56 and 1.97(b), Applicants bring to the attention of the
Examiner the document on the attached listing. This Information Disclosure Statement is being
filed before the mailing date of a first Office Action after the filing of a Request for Continued
Examination in the above-referenced application.

Copies of the listed foreign document and non-patent literature documents are attached.

Applicants respectfully request that the Examiner consider the listed documents and
indicate that they were considered by making appropriate notations on the attached form.

This submission does not represent that a search has been made or that no better art exists
and does not constitute an admission that each or all of the listed documents are material or
constitute “prior art.” If the Examiner applies any of the documents as prior art against any

claim in the application and Applicants determine that the cited documents do not constitute
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U.S. Appl. No. 10/101,863
Atty. Docket No. 10655.0016-00

“prior art” under United States law, Applicants reserve the right to present to the office the
relevant facts and law regarding the appropriate status of such documents.

Applicants further reserve the right to take appropriate action to establish the patentability
of the disclosed invention over the listed documents, should one or more of the documents be
applied against the claims of the present application.

If there is any fee due in connection with the filing of this Statement, please charge thé
fee to our Deposit Account No. 06-0916.

Respectfully submitted,

FINNEGAN, HENDERSON, FARABOW,
GARRETT UNNER, L.L.P.

Dated: October 2, 2007 By: 7%% 9
Gayl /Ed(a//ards

Reg. No. 41,008

EXPRESS MAIL LABEL NO.
EM 100825487 US
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: Application Number: 10/101,863 Confirmation h@mber: 6938

)

REQUEST FOR
CONTINUED EXAMINATION (RCE) Filing Date: March 16, 2002
TRANSMIT X% E First Named Inventor: ZHANG, Hongmei
Address to: .
Mail Stop RCE Group Art Unit: 2823
Commissioner for Patents - :
P.O. Box 1450 Examiner: ESTRADA, Michelie

Alexandria, VA 22313-1450

Attorney Docket Number: 10655.0016-00

This is a Request for Continued Examination (RCE) under 37 C.F.R. § 1.114 of the above-identified application.

Request for Continued Examination (RCE) practice under 37 C.F.R. § 1.114 does not apply to any utility or plant application filed prior
to June 8, 1995, or to any design application.

1. Submission required under 37 C.F.R. § 1.114: Note: If the RCE is proper, any previously filed unentered amendments
and amendments enclosed with the RCE will be entered in the order in which they were filed unless applicant instructs
otherwise. If applicant does not wish to have any previously filed unentered amendment(s) entered, applicant must
request non-entry of such amendment.

a. [J Previously submitted. If a final Office action is outstanding, any amendments filed after the final Office action may be
considered as a submission even if this box is not checked.
i. O Consider the arguments in the Appeal Brief or Reply Brief previously filed on
ii. O Other
b. [ DO NOT ENTER the amendment(s) previously filed on . An alternate submission is attached.
c. [ Enclosed submission: .
i. X Amendment/Reply iii. x Information Disclosure Statement
ii. O Affidavit(s)/Declaration(s) iv. O Other
2. Miscellaneous
a. [0 Suspension of action on the above-mentioned application is requested under 37 C.F.R. § 1.103(c) for a period of
[number] months. (Period of suspension shall not exceed 3 months; fee under 37 C.F.R. § 1.17(i) required.)
b. [ Other
3. Fees

a. [ The filing fee is calculated as follows:

i. X $810.00 RCE fee required under 37 C.F.R. § 1.17(e)
i X Petition for extension of time for (2 Months) $460.00
jii. O Other

b. [ The Commissioner is hereby authorized to charge the fee of $1,270.00 to deposit account no. 06-0916.

c. [X The Commissioner is authorized to charge any deficiencies in the filing fees, and/or credit any overpayments to Deposit
Account 06-0916.

Signature of Applicant, Attorney, or Agent Required
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Sir:

AMENDMENT

This response is being filed with a Request for Continued Examination and is in reply to
the Final Office Action mailed May 2, 2007, the period for response having been extended to
October 2, 2007, by a request for extension of two months with authorization for the
Commissioner to charge the fee to Deposit Account No. 06-0916. Applicant amends the
application as follows:

Amendments to the Claims are reflected in the listing of claims in this paper beginning
on page A2.

Remarks/Arguments follow the amendment sections of this paper beginning on page 7.
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AMENDMENTS TO THE CLAIMS:

This listing of claims will replace all prior versions and listings of claims in the
application:

1. (Cancelled)

2. (Previously presented): The method of Claim 21, further including holding the temperature

of the substrate substantially constant.

3. (Previously presented): The method of Claim 21, wherein applying pulsed DC power through
the filter includes supplying up to about 10 kW of power at a frequency of between about 40 kHz

and about 350 kHz and a reverse time pulse between about 1.3 and 5 us.

4. (Previously presented): The method of Claim 21, wherein adjusting an RF bias power to the
substrate includes supplying up to 1000 W of RF power to the substrate.

5. (Canceled).
6. (Previously presented): The method of claim 4, wherein the RF bias power is zero.

7. (Previously presented): The method of Claim 21, wherein the RF bias power is optimized to

provide planarization.

8. (Previously presented): The method of Claim 21, wherein a process gas of the process gas

flow includes a mixture of Oxygen and Argon.

9. (Previously presentéd): The method of Claim 8, wherein the mixture is adjusted to adjust the

index of refraction of the film.

10. (Previously presented): The method of Claim 8, wherein the mixture further includes

nitrogen.

11. (Previously presented): The method of Claim 21, wherein applying pulsed DC power to the

target includes adjusting pulsed DC power to a target which has an area larger than that of the
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substrate.

12. (Previously presented): The method of Claim 21, further including uniformly sweeping the

target with a magnetic field.

13. (Previously presented): The method of Claim 12, wherein uniformly sweeping the target
with a magnetic field includes sweeping a magnet in one direction across the target where the

magnet extends beyond the target in the opposite direction.
14.-20. (Cancelled).

21. (Currently amended): A method of depositing an oxide film on a substrate, comprising:

conditioning a target;

preparing the substrate;

adjusting an RF bias power to the substrate;

se?ting a process gas flow; and

applying pulsed DC power to the target through-afilter-such that the a target voltage
oscillates between positive and negative voltages to create a plasma and deposit the oxide film;_
and

band rejection filtering the DC power at a frequency of the bias power before applying

the DC power to the target,

wherein conditioning the target includes sputtering with the target in a metallic mode to
remove the surface of the target and sputtering with the target in poisonous mode to prepare the
surface;-and

b opsin the filter 15 o band reiction &l ‘  thobi .

22. (Previously presented ): The method of Claim 21, wherein setting the process gas flow

includes adjusting constituents in order to adjust the index of refraction of the film.

23. (Previously presented): The method of Claim 21, wherein applying pulsed DC power

includes setting the frequency in order to adjust the index of refraction of the film.

24. (Previously presented): The method of Claim 21, further including adjusting a temperature

of the substrate in order to adjust the index of refraction of the film.

3
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25.-39. (Canceled).

40. (Currently amended): The method of claim 21, wherein band rejection filtering utilizes the

band rejection filter is a narrow band-pass filter.

41. (Currently amended): The method of claim 21, wherein a bandwidth of the narrow band

rejection filter is about 100 kHz.

42. (Previously presented): The method of claim 21, wherein the frequency of the RF bias is
about 2 MHz.

43. (Currently amended): A method of depositing an oxide film on a substrate, comprising:
preparing the substrate;
adjusting an RF bias power to the substrate;
setting a process gas flow; and
applying pulsed DC power to a target through-a-band-rejectionfilter-at-afrequency-ofthe-
bias-pewer such that the a target voltage oscillates between positive and negative voltages and an

oxide film is deposited on the substrate; and

band rejection filtering the DC power at a frequency of the bias power before applying

the DC power to the target.

44. (Previously presented): The method of claim 43, wherein band rejection filtering the DC
power includes utilizing a band rejection filter with a bandwidth of the-band-rejection-filter-is
less than about 100 kHz.

45. (Previously presented): The method of claim 43, wherein the frequency of the RF bias is
about 2 MHz.

46. (Previously presented): The method of Claim 43, wherein applying pulsed DC power
includes supplying up to about 10 kW of power at a frequency of between about 40 kHz and

about 350 kHz and a reverse time pulse between about 1.3 and 5 pis.

47. (Previously presented): The method of Claim 43, further including holding the temperature
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of the substrate substantially constant.

48. (Previously presented): The method of Claim 43, wherein adjusting an RF bias power to the
substrate includes supplying up to 1000 W of RF power to the substrate.

49. (Previously presented): The method of Claim 43, further including uniformly sweeping the
target with a magnetic field.

50. (Previously presented): The method of Claim 49, wherein uniformly sweeping the target
with a magnetic field includes sweeping a magnet in one direction across the target where the

magnet extends beyond the target in the opposite direction.

51. (Currently amended): A method of depositing an oxide film on a substrate, comprising:
providing a process gas between the substrate and a target;
applying an RF bias power to the substrate;
applying pulsed DC power to the target such that the a target voltage oscillates between
positive and negative voltages; and

narrow band rejection filtering the pulsed DC power threugh-a-narrow-band-rejection-

filter at a frequency of the bias power before applying pulsed DC power to the target,

wherein the oxide film is deposited on the substrate.

52. (Previously presented): The method of claim 51, wherein the process gas includes one or
more gasses chosen from the group consisting of Ar, N3, Oy, C,Fg, CO,, CO, NH3, NO, and

halide containing gasses.
53. (Previously presented): The method of claim 51, wherein the target is a metallic target.
54. (Previously presented): The method of claim 51, wherein the target is an intermetllic target.

55. (Previously presented). The method of claim 51, further including sweeping the target with

a magnetic field.

56. (Previously presented): The method of claim 51, wherein the pulsed DC power is supplied

with a reverse time pulse between about 1.3 and 5 ps.
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57. (Previously presented): The method of Claim 51, wherein applying an RF bias power to the
substrate includes supplying up to 1000 W of RF power to the substrate.

58. (Currently amended) The method of claims 21, wherein applying pulsed DC power through-

the-filter includes supplying pulsed DC power at a pulse frequency of between about 40 kHz and
about 350 kHz.

59. (Currently amended) The method of claim 43, wherein applying pulsed DC power through-
the-filter includes supplying pulsed DC power at a pulse frequency of between about 40 kHz and
about 350 kHz.

60. (Currently amended) The method of claim 51, wherein applying pulsed DC power through-

the-filter includes supplying pulsed DC power at a pulse frequency of between about 40 kHz and
about 350 kHz.
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REMARKS

Claims 2-13, 21-24, and 40-60 are pending in this application. The Examiner has
rejected claims 2-13, 21-24, and 40-60. Applicants herein have amended claims 21, 40, 43-44,
51, and 58-60 in order to further clarify the invention. No new matter has been added in this

Amendment.

Claim Rejections Under 35 U.S.C § 103(a)1

To establish a prima facie case of obviousness the prior art reference (or references when
combined) must teach or suggest all the claim limitations. See MPEP § 2142, 8th Ed., Rev. 5
(August 2006). Moreover, “in formulating a rejection under 35 U.S.C. § 103(a) based upon a
combination of prior art elements, it remains necessary to identify the reason why a person of
ordinary skill in the art would have combined the prior art elements in the manner claimed.”

USPTO Memorandum from Margaret A. Focarino, Deputy Commissioner of Patent Operations,

May 3, 2007, page 2. As further discussed below, the Examiner has not established a prima
facia case of obviousness at least because the prior art fails to teach all of the elements of each of

the rejected claims.

Claims 10-13, 21, 40-45, and 51-60

Claims 10-13, 21, 40-45, and 51-60 are rejected under 35 U.S.C. 103(a) as being

unpatentable over U.S. Patent No. 6,117,279 to Smolanoff et al. (“Smolanoff”) in view of U.S.

1 The Examiner has made multiple characterizations of the claims, the cited art, and the
application of legal principles to those characterizations. Applicants shall not be deemed to
agree with or to acquiesce in the Examiner’s statements by not specifically addressing these
characterizations in this response. '
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Patent No. 6,306,265 to Fu et al. (“Fu”). Claims 21, 43, and 51 are independent claims.
Applicants herein traverse these rejections.

1. Neither Smolanoff nor Fu teach applving pulsed DC power to the target so that the target
voltage oscillates between positive and negative voltages.

Claims 21 and 51 each recite “applying pulsed DC power to the target such that a target
voltage oscillates between positive and negative voltages . . .” Claim 43 recites “applying pulsed
DC power to a target such that a target voltage oscillates between positive and negative voltages
...." Therefore, each of the independent claims requires applying pulsed DC power to the
target such that the target voltage oscillates between positive and negative voltages. Neither
Smolanoff nor Fu teach this limitation. In fact, both Smolanoff and Fu teach away from this
feature in that both teach that the target voltage must be at a negaﬁve potential so that the target
functions as a cathode.

The Examiner states that “Smolanoff et al. discloses . . . wherein a plasma is created by
application of the pulsed DC power to the target (Col. 6, lines 8-13) such that the target voltage
opscillates [sic] between positive and negative voltages . . .” (Office Action, page 2). However,
Smolanoff teaches away from the target voltage going positive. In fact, the Examiner’s cited
reference states exactly the opposite of the Examiner’s assertion. that Smolanoff teaches that the
target voltage oscillates between positive and negative voltages Smolanoff states that “[t]his
main plasma in the region 23 becomes a source of positive ions of gas that are accelerated
toward, and collide against, the negatively charged surface of the target 16, thereby ejecting
particles of coating material from the target 16.” (Smolanoff, col. 6, lines 8-13).

Smolanoff teaches in its background section that “[t]he plasma is typically generated by
maintaining the target, either constantly or intermittently, at a negative potential so that the

target functions as a cathode to supply electrons that excite the gas in the chamber and form a

-8-
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plamsa adjacent to the target surface.” (Smolanoff, col. 1, lines 33-37) (emphasis added).
Further, in operation “[t]he gas ions accelerate toward the target, which is negatively biased, to
collide with the target surface and eject from the target surface atoms and atomic clusters or
particles of target material, as well as secondary electrons, which play a role in sustaining the
plasma.” (Smolanoff, col. 1, lines 41-46) (emphasis added).

Further, in describing Smolanoff’s apparatus, as shown in Figure 1, Smolanoff teaches
that “[t]he magnet structure 20 preferably includes magnets that produce a closed magnetic
tunnel over the surface of the target 16 that traps electrons given off into the chamber 12 by the

cathode assembly 17 when the cathode assembly 17 is electrically energized to a negative

potential as is familiar to one skilled in the art.” (Smolanoff, col. 5, lines 39-44) (emphasis
added).
In particular, Smolanoff teaches that the target is always negative:

Power from the steady or pulsed DC power supply 21 and/or RF
generator 24 produces a negative potential on the target 16. The
negative potential accelerates ions towards the surface of the target
which, upon impact, cause electrons to be emitted from the surface
of the target 16. These electrons become trapped over the surface
of the target 16 by the magnetic field generated by the magnet pack
20, until, eventually, the electrons strike and thereby ionize atoms
of process gas in close proximity to the surface of the target 16,
forming a main plasma in a region 23 of the volume 11 adjacent to
the surface of the target 16. This main plasma in the region 23
becomes a source of positive ions of gas that are accelerated
toward, and collide against, the negatively charged surface of the
target 16, thereby ejecting particles of coating material from the
target 16.

(Smolanoff, col. 6, line 66, through col. 6, line 12) (emphasis added).
Therefore, repeatedly Smolanoff teaches that the target must be negative in order to
create the plasma. Smolanoff never teaches that the target is at a positive voltage, which

according to the teachings of Smolanoff would not work because the positive ions of the plasma

9.
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would not then be attracted to the target. Smolanoff therefore teaches away from applying a
positive voltage to the target. At a minimum, the Examiner can not maintain that Smolanoff
teaches “applying pulsed DC power to the target such that a target voltage oscillates between
positive and negative voltages” as is recited in claims 21 and 51 or “applying a pulsed DC power
to a target such that a target voltage oscillates between positive and negative voltages” as is
recited in claim 43.

Further Fu also teaches away from the target having a positive voltage. As taught in Fu,
in describing a conventional PVD reactor, “[a] selectable DC power supply 22 negatively biases
the target 14 to about -600 VDC with respect to the shield 20.” (Fu, col. 1, lines 31-33)
(emphasis added). Further, as was similarly taught in Smolanoff, “[w]hen the argon is admitted

into the chamber, the DC voltage between the target 14 and the shield 20 ignites the argon into a

plasma, and the positively charged argon ions are attracted to the negatively charged target
14 (Fu, col. 1, lines 51-54) (emphasis added). Therefore, Fu, like Smolanoff, teaches that the
target must be negative and therefore teaches away from a positive target voltage. Ata
minimum, the Examiner can not maintain that Fu teaches “applying pulsed DC power to the
target such that a target voltage oscillates between positive and negative voltages” as is recited in
claims 21 and 51 or “applying a pulsed DC power to a target such that a target voltage oscillates
between positive and negative voltages” as is recited in claim 43.
In responding to the remarks of Applicant’s Amendment filed on February 6, 2007, the

Examiner remarks that

Applicant argues that Smolanoff et al. do not disclose a target

voltage that oscillates between positive and negative voltages.

However, Smolanoff is using and [sic] RF bias power, which will

make the voltage to oscillate between positive and negative

voltages, it doesn’t matter if they are using just the negative
voltage it will oscillate.

-10-

Page 1384 of 1542



U.S. Application No. 10/101,863
Attorney Docket No. 10655.0016-00

(Office Action, page 7). First, applying an RF bias to the substrate has negligible if any effect on
the target voltage in a PVD deposition apparatus. Further, as seen in the discussion above, even
if an kF voltage is applied to the target, the target achieves and maintains a negative voltage and
never goes positive, as is well know in the art. Further, as is discussed in both Fu and
Smolanoff, applying an RF bias to the substrate causes the substrate to become negative so as to
attract the positive ions in the plasma. (See Smolanoff, col. 6, lines 51-63, “Such attraction of
the positive ions of sputtered material toward the substrate 15 can be achieved, for example, by
applying a negative bias to the substrate 15 through the operation of the bias power supply
27. Such bias attracts the positive sputtered ions . . . . For silicon semiconductor wafers, this
bias power supply 27 is preférably an RF generator that operates in the range of from about
0.05 to 80 MHz.” (emphasis added); Fu, col. 2, lines 36-45, “[t]he pedestal 18 of FIG. 1, even if
it is left electrically floating, develops a DC self-bias, which attracts ionized sputtered particles
from the plasma across the plasma sheath adjacent to the pedestal 18 and deep into the hole 40 in
the dielectral layer 42. The effect can be accentuated with additional DC or RF biasing of
the pedestal electrode 18 to additionally accelerate the [positively] ionized particles extracted
across the plasma sheath towards the wafer 16, thereby controlling the directionality of sputter
deposition.” (emphasis added)).

Therefore, neither Smolanoff nor Fu teach “applying pulsed DC power to the target such
that a target voltage oscillates between positive and negative voltages™ as is recited in claims 21
and 51 or “applying a pulsed DC power to a target such that a target voltage oscillates between
positive and negative voltages” as is recited in claim 43. In fact, both Smolanoff and Fu teach

away from a positive voltage on the target.

-11-
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2. Neither Smolanoff nor Fu teach “band rejection filtering the pulsed DC power”

The Examiner identifies filter 22 shown in Figure 1 of Smolanoff as teaching the band
rejection filter recited in independent claims 21, 43, and 51. Further, the Examiner comments
that “using an specific type of filter is a matter of design choice depending on the quality of
product needed, and it is obvious that the filter is going to work at certain frequencies.” (Office
Action, page 2) The Examiner further comments that “the limitation ‘the filter is a band
rejection filter at a frequency of the bigs power’ is a structural limitation in a method claim, so no
matter what filter is used, as long as the same result is aqhieved, as explained above.” (Office
Action, page 2).

Claims 21, 43, and 51 have been amended such that the filtering is now a method step.
Claims 21 and 43 now recite “band rejection filtering the DC power at a frequency of the bias
power before applying the DC power to the target.” Claim 51 now recites “narrow band
rejection filtering the pulsed DC power at a frequency of the bias power before applying pulsed
DC power to the target.” Therefore, this limitation is now a method limitation and not a
structural limitation.

Further, Smolanoff only refers to filter 22 once, and then only to identify it as “an RF
filter 22.” (Smolanoff, col. 5, line 58). Smolanoff does not teach that filter 22 performs the step
“band rejection filtering the DC power at a frequency of the bias power” or “narrow band
rejection filtering the pulsed DC power at a frequency of the bias power” as is recited in
independent claims 21, 43, and 51.

Additionally, in order for the pulsed DC power applied to the target to be useful, the
pulsed DC power must include substantially all of its Fourier constituents, and therefore only a

band rejection filter that filters out a specific narrow band of filters can be utilized. Further, in

-12-
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order that the pulsed DC power be protected from the RF bias power supply, the band rejection
filter must be set to filter out the frequency of the RF bias power supply. A low pass filter,
which is commonly utilized in syétems such as Smolanoff, would destroy all of the low
frequency components of the pulses. With a band rejection filter, all of the pulsed DC power
except that within the rejected band passes to the target. Therefore, far from not mattering which
filter is used, as the Examiner opines, it is extremely important that the filter be a band rejection
filter that filters out the frequency of the RF bias power, as is recited in claims 21, 43, and 51.
For at least this reason, claims 21, 43, and 51 are allowable over the combination of Smolanoff

and Fu.

3. Neither Smolanoff nor Fu teach deposition of an oxide film

Each of claims 21, 43, and 51 recite deposition of an “oxide film.” Both Smolanoff and
Fu are directed towards deposition of metallic films. Smolanoff teaches away from deposition of
insulating materials, as deposition of insulating materials would cause Smolanoff’s reactor to
become non-functional for its intended purpose.

As stated in Smolanoff, “[t]hose positive ions of sputtéred material that are positively
charged are capable of being electrically accelerated toward the substrate, for example, by
application of a negative bias to the substrate.” (Smolanoff, col. 2, lines 3-6). Smolanoff also
explains this feature at col. 6, lines 51-63. Similarly, Fu teaches this same operable process in
col. 2, lines 37-48. As Fu states, the substrate bias “attracts ionized sputter particles from the
plasma.” As is well known to those skilled in the art, when oxygen is introduced to the plasma,
which is necessary to forming an oxide film, the oxygen reacts with the positive ions to form

neutral particles of oxide, which are not attracted to the substrate by the RF bias on the substrate.

-13-
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Both Smolanoff and Fu teach processes for ionized metal deposition or ionized metal
plating (see Fu, col. 2, lines 47-48) and do not teach formation of oxide films on the substrate.
Therefore, claims 21, 43, and 51 are allowable over the combination of Smolanoff and Fu for at

least this reason.

4. Conclusion

For at least the reasons stated above, claims 21, 43, and 51 are allowable over the
combination of Smolanoff and Fu. Claims 10-13 and 40-42 depend from claim 21 and are
allowable over the combination of Smolanoff and Fu for at least the same reasons as is claim 21.
Claims 44-45 depend from claim 43 and are allowable over the combination of Smolanoff and
Fu for at least the same reasons as is claim 43. Claims 52-60 depend from claim 51 and are

allowable for at least the same reasons as is claim 51.

Claims 2-4, 6, and 22-24

Claims 2-4, 6, and 22-24 are rejected under 35 U.S.C. 103(a) as being unpatentable over
Smolanoff in view of Fu, as applied to claims 8, 10-13, and 21. As discussed above, claim 21 is
allowable over the combination of Smolanoff and Fu. Claims 2-4, 6, and 22-24 depend from
claim 21 and are allowable over the combination of Smolanoff and Fu for at least the same

reasons as is claim 21.

Claims 7 and 9
Claims 7 and 9 are rejected under 35 U.S.C. 103(a) as being unpatentable over Smolanoff

and Fu, as applied to claims 8, 10-13, and 21, and in view of U.S. Patent Publication No.

-14-
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2003/0077914 to Le et al. (“Le”). Claim 21 is allowable over the combination of Smolanoff and
Fu.

Le teaches deposition of oxides using pulsed DC processes without substrate bias. Le
does not teach at least “band rejection filtering the DC power at a frequency of the bias power”
or “narrow band rejection filtering the pulsed DC power at a frequency of the bias power” as is
recited in independent claims 21, 43, and 51. Additionally, Le does not teach the combination of
pulsed DC power and a RF bias to the substrate.

Further, one skilled in the art would not find a reason to combine Le with Smolanoff or
Fu. Le is directed to deposition of oxide materials. Both Smolanoff and Fu are directed to
deposition of ionized metal ions. One skilled in the art would realize that the introduction of
oxygen, a reactive gas, to the processes disclosed in Smolanoff and Fu would render those
processes non-functional for their intended purpose.

Therefore, claims 7 and 9 are allowable over the combination of Smolanoff, Fu, and Le.

Conclusion
This Amendment is being filed with a Request for Continued Examination. In view of
the foregoing remarks, Applicant submits that this claimed invention, as amended, is neither
anticipated nor rendered obvious in view of the prior art references ‘cited against this application.
Applicant therefore requests the entry of this Amendment, the Examiner's reconsideration and
reexamination of the application, and the timely allowance of the pending claims.
Please grant any extensions of time required to enter this response and charge any

additional required fees to Deposit Account 06-0916.

-15-
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=
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Deposition of Perovskite and Other Compound Ceramic Films for
Dielectric Applications

FIELD OF THE INVENTION
[001] The present invention is related to production and application of dielectric
thin-films and, in particular, the deposition of perovskites such as Barium Strontium Titanate

(BST) films and other ceramic oxides for dielectric applications.

DISCUSSION OF RELATED ART

[002] Perovskite films, for example Barium Strontium Titanate (BST) films, are one
of the attractive materials to use in capacitors for high density device applications because of
its relatively high dielectric constant, low leakage current density, high dielectric breakdown -
strength, and ferroelectric perovskite phase that does not exhibit fatigpue. However, electric
properties of the perovskite films are greatly dependent on the deéosition process, the
substrate, the post-processing, and the related film structure. F();all of the potential, thin film
perovskites have rarely been utilized in manufacture primarily because of difficuities in
controlling physical and chemical properties of the crystalline and amorphous phases of
perovskite thin-fitm materials and their interactions with metallic and conductive electrodes.

[003] Solid-state thin-film devices are typically formed by stacking thin films of
metal and dielectric on a substrate. The thin films typically include two metallic electrodes
with a dielectric layer in between. The thin films can be deposited utilizing a number of
deposition processes, including sputtering, electroplating, chemical vapor deposition, sol gel,
or oxidation. Substrates suitable for these applications have conventionally been high
temperature materials capable of withstanding at least one- high temperature anneal process to

at least 650-750 °C so as to crystallize the perovskite dielectric film in order to increase its
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dielectric constant. Such a sﬁbstrate can be any suitable material with appropriate structural
and material properties, for example a semiconductor wafer, refractory metallic sheet (e.g.,
titanium, zirconium, or stainless steel), ceramic such as alumina, or other material capable of
withstanding subsequent high temperature processing.

[004] However, conventional materials and production processes can limit the types
of materials that can be used in device manufacture. Typically, the dielectric material is
deposited in amorphous form and then the material is heated in an anneal process to form the
crystallin_e material. Conventional formation of perovskite layers, for example, require an
anneal at or above 650°C to transform the deposited amorphous film to a crystalline form.
Such a high temperature anneal, however, severely limits the materials that can be utilized as
the substrate, and often requires the use of expensive noble metals such as platinum to protect
the substrate from reaction with the electrode material. Such high heat-treat temperatures are
incompatible with standard semiconductor or MEM device processing, and limit the choice
of substrate materials on which the layers can be formed, increasing the cost, and decreasing
the yield of such devices formed with the layers.

{005] Therefore, there is a need for a low temperature process for depositing
crystalline material, for example perovskite material and other ceramic oxides, onto a

substrate.

SUMMARY
[006] In accordance with the present invention, deposition of layérs in a pulsed-DC
physical vapor deposition process from a conductive ceramic tatget is presented. In some
embodiments, the deposition can provide a low-temperature, high deposition-rate deposition
'of a dense amorphous layer of BST from a conductive BST target, which can be annealed at
much lower temperature to yield crystalline BST. Some embodiments of the deposition

address the need for low temperature, high rate deposition of perovskite films, for example

2
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BST films, which can be utilized as the dieleétric layer in high specific capacitance devices
as, for example, de-coupling capacitors, energy storage devices, voltage tunable capacitors, or
other micro-electronic devices.

{0071 A method of depositing a perovskite or ceramic oxide layer according to some
embodiments of the present invention includes placing a substrate in a reactor; flowing a
gaseous mixture, for example argon and oxygen, through the reactor,' and applying pulsed-
DC power to a target formed of conductive perovskite or ceramic oxide material, such as
BST, positioned opposite the substrate.

{008] In;some embodiments the perovskite layer can be formed utilizing radio
frequency (RF) sputtering. The perovskite is deposited by RF sputtering of a wide area target
in the presence of a sputtering gas under a condition of uniform target erosion. The substrate
is positioned opposite a planar target formed of perovskite, for example BST, the area of the
target being larger than the area of the substrate. A central area of the target of the same size
as the substrate and overlying the substrate is exposed to a uniform plasma condition, which

~ provides a condition of uniform target erosion. A uniform plasma condition can be created
without magnetic enhancement, termed diode sputtering, or by providing a time-averaged
uniform magnetic field by scanning a magnet across the target in a plane parallel to the plane
of the target.

[0091 A ﬁkr; produced utilizing a pulsed dc, bias PVD process with a conductive
ceramic target can be deposited at much higher rates than an insulating ceramic process,
which requires an RF sputtering process. Further, dgposition occurs with much less oxygen
present in the gas flow to provide a fully oxidized film as opposed to a metallic target. The
resulting film is much higher density than the low rate films. Tﬁe films can be
stoichiometric, uniform, highly dense, with low sintering temperatures and resulting high

dielectric properties.
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[010] In some embodiments, the substrate is preheated. The substrate can be heated
to a temperature of about 400°C or below during deposition for low temperature perovskite
deposition, or to higher temperatures for perovskite deposition on substrates capable of
withstanding such temperature regime. Substrates suitable for low temperature perovskite
depoSition include glass, plastic, metal féil, stainless steel, and copper. A perovskite layer of
thickness up to several microns thick can be deposited, although layers of any thickness can
be formed.

[011] In some embodiments the perovskite layer formed on the substrate is later
annealed. The anneal temperature can be as low as 40ﬁ°C for low. temperature anneal, and
higher for perovskite deposition on substrates capable of withstanding such higher
temperature regime. In some embodiments the perovskite target can be doped with transition
metal dopants, for example manganese, transition elerﬁents, lanthanides (including the rare
earth ions) and/or amphoteric elements.

[012] In some embodiments, a stacked capacitor structure can be formed. The
stacked capacitor structure includes one or more capacitor stacks deposited on a thin
substrate, wherein each capacitor stack includes: a bottom electrode layer, a perovskite, for
example BST, dielectric layer deposited over the bottom electrode layer; and a top electrode
layer deposited over the dielectric layer. A top conducting layer can be deposited over the
capacitor stacks.

[013] In some embodiments, a capacitor structure can be formed in a cluster tool. '
An exemplary method of producing a capacitor in a cluster tool includes loading a substrate
into the cluster tool; depositing an electrode layer over the substrate in a first chamber of the
cluster tool; depositing a perovskite dielectric layer over the electrode layer in a second

chamber of the cluster tool; depositing a second electrode layer over the dielectric layer in a
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third chamber. In some embodiments the first and the second electrode layers can be
deposited in the same chamber.

[014] A fixture for holding a thin substrate can include a top portion; and a bottom
portion, wherein the thin substrate is held when the top portion is attached to the bottom
portion.

[015] In some embodiments, the ceramic layer can be deposited on a substrate
coated with iridium or other refractory conductive material to provide a low temperature
anneal processed capacitive structure.

. [016] These and other embodiments of the invention are further discussed below
with reference to the following figures. It is to be understood that both the foregoing general
description and the following detailed description are exemplary and explanatory only and
are not restrictive of the invention, as claimed. Further, specific explanations or theories
regarding the deposition or performance of materials according to the present invention are
presented for explanation only and are not to be considered limiting with respect to the scope

. ofthe present disclosure or the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[017] Figures 1A and 1B illustrate a pulsed-DC biased reactive deposition apparatué
that can be utilized in the methods of depositing according to the present invention.

{018] Figure 1C illustrates an RF sputtering deposition apparatus.

[019] Figure 2 shows an example of a target that can be utilized in the reactor
illustrated in Figures 14, 1B, and 1C.

[020] * Figures 3A and 3B illustrate a thin-film capacitor design according to some

embodiments of the present invention.
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{021] Figures 4A, 4B, 4C, and 4D illustrate a thin substrate mount and mask
arrangement that can be utilized in the deposition of dielectric perovskite layers, for example
BST films, deposited according to some embodiments of the present invention.

[022] Figure 5 illustrates a cluster tool that can be utilized to .form batteries with
dielectric perovskite layers deposited according to some embodiments of the present
invention.

[023] Figure 6 illustrates an example of stacked capacitor structure with dielectric
perovskite layers deposited according to some embodiments of the present invention.

[024] In the figures, elements having the same designation have the same or similar

functions.

DETAILED DESCRIPTION

[025] In accordance with embodiments of thé present invention, dielectric perovskite
films or other ceramic oxide films aré deposited on a substrate by a pulsed-DC physical vapor
deposition (PVD) process utilizing a conductive ceramic target. In some embodiments, the

- film can be deposited by RF sputtering. )

[026] In some embodiments, a dielectric perovskite quer, for example BST material,
is deposited directly on the substrate with only low temperature anneal, eliminating the need
of a subsequent high temperature anneal to crystallize the film. Removing the high
temperature anneal allows for formation of capacitor structureé on light-weight, low
temperature, and low cost substrates such as copper i:bil and plastic sheet, reducing both the
weight and the cost of capacitors while maintaining the high dielectric constant of the
perovskite, for example BST, high-density dielectric film.

{027] Deposition of materials by pulsed-DC, RF biased reactive ion deposition is

described in U.S. Patent Application Serial No. 10/101,863, entitled “Biased Pulse DC

Reactive Sputtering of Oxide Films,” to Hongmei Zhang, et al., filed on March 16, 2002.
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Preparation of targets is described in U.S. Patent Application Serial No. 10/101,341, entitled
“Rare-Earth Pre-Alloyed PVD Targets for Dielectric Planar Applications,” to Vassiliki
Milonopoulou, et al., filed on March 16, 2002. U.S. Patent Application Serial No.
10/101,863 and U.S. Patent Application Serial No. 10/101,341 are each assigned to the same
assignee as is the present disclosure and each is incorporated herein in their entirety.
Deposition of oxide materials by RF sputtering has also been described in U.S. Patent No.'
6,506,289, which is also herein incorporated by reference in its entire.ty. Transparent oxide
films can be deposited utilizing processes similar to those specifically described in U.S.
Patent No. 6,506,289 and U.S. Application Serial No. 10/101,863.

[028] Figure 1A shows a schematic of a reactor apparatus 10 for sputtering material
from a target 12 according to the present invention. In some embodiments, apparatus 10
may, for example, be adapted from an AKT-1600 PVD (400 X 500 mm substrate size)
system from Applied Komatsu or an AKT-4300 (600 X 720 mm substrate size) system from
Applied Komatsu, Sant;l Clara, CA. The AKT-1600 reactor, for example, has three
deposiﬁon chamberg connected by a vacuum transport chamber. ‘These AKT reactors-canbe -
modified such that pulsed DC power is supplied to the target and RF power is supplied to the
substrate during deposition of a material film.

[029] Apparatus 10 includes target 12, which is electrically coupled through a filter
15 to a pulsed DC power supply 14. In some embodiments, target 12 is a wide area sputter
source target, which provides material to be deposited on a substrate 16, Substrate 16 is
positioned parallel to and opposite‘taxget 12. Target 12 functions as a cathode when power is
applied to it from the pulsed DC power supply 14 and is equivalently termed a cathode.
Application of power to target 12 creates a plasma 53. Substrate 16 is capacitively ;:oupled to
an electrode 17 through an insulator 54. Electxod;a 1.7 can be c;)upled to an RF power supply

18. A magnet 20 is scanned across the top of target 12.
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[030] For pulsed reactive DC magnetron sputtering, as performed by apparatus 10,
the polarity of the power supplied to target 12 by power supply 14 oscillates between
negative and positive potentials. During the positive period, the insulating layer on the
surface of target 12 is discharged. To obtain arc free deposition, the pulsing frequency
exceeds a critical frequency that can depend on target material, cathode current and reverse
time. High quality films can be made using reactive pulsé DC magnetron sputtering as
shown in apparatus 10. - |

[031] Pulsed DC power supply 14 can be any pulsed DC power supply, for example
an AE Pinnacle plus 10K by Advanced Energy, Inc. With this DC power supply, up to 10
kW of pulsed DC power can be supplied at a frequency of between 0 and 350 kHz. The
reverse voltage can be 10% of the negative target voltage. Utilization of other power supplies
can lead to diffegent power characteristics, frequency characteristics and reverse voltage
percentages. The reverse time on this embodiment of power supply 14 can be adjusted
between 0 and S ps.

A [032_] Filter 15 prevents the RF bias power from power supply 18 from coupling into
| pulsed DC power supply 14. In some embodiments, power supply 18 can be a 2 MHz RF

power supply, for example a Nova-25 power supply made by ENI, Colorado Springs, Co.

[033] In some embodiments, filter 15 can be a 2 MHz sinusoidal band rejection
filter. In some embodiments, the band width of the filter can be approximately 100 kHz.
Filter 15, therefore, prevents the 2 MHz power from the bias to substrate 16 from damaging
power supply 14 while allowing the full bandwidth of the pulsed DC power supply to pass
filter 15.

{034] Pulsed DC deposited films are not fully dense and may have colm
structures. Columnar structures can bé detrimé:ntal to thin ﬁlm applications such as barrier

films and dielectric films, where high density is important, due to the boundaries between the
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columns. The columns act to lower the dielecﬁc strength of the material, but may provide
diffusion paths for transport or diffusion of electrical current, ionic current, gas, or other
chemical agents such as water.

[035] Inthe AKT-1600 based system, for example, target 12 can have an active siz;f:.
of about 675.70 X 582.48 by 4 mm in order to deposit films on substrate 16 that have
dimension about 400 X 500 mm. The temperature of substrate 16 can be adjusted to between
—-50 °C and 500 °C. The distance between target 12 and substrate 16 can be between about 3
and about 9 cm. Process gas can be inserted into the chamber of apparatus 10 at a rate up to
about 200 s@ while the pressure in the chamber of apparatus 10 can be held at between
about .7 and 6 milliTorr. Magnet 20 provides a magnetic field of strength between about 400
and about 600 Gauss directed in the plane of target 12 and is moved across target 12 at a rate
of less than about 20-30 sec/scan. In some embodiments utilizing the AKT 1600 reactor,
magnet 20 can be a race-track shaped magnef with dimensions about 150 mm by 600 mm.

[036] In some embodiments of the present invention a perovskite layer is deposited
by RF sput_te:?ng with a wide area target and a condition of uniform target erosion. An-
example apparatus 30 for RF sputtering is illustrated schematically in FIG. 1C. Apparatus 30
includes an RF power supply 60 coupled to wide area sputter source target 12 which provides
material to be deposited on substrate 16. Substrate 16 is positioned paraliel to and opposite
target 12. Target 12 functions as a cathode when RF power is applied to it and is
equivalently termed the cathode. In the present disclosure, target 12 can be formed from a
perovski‘te material, for example BST, for deposition of dielectric perovskite film. Substrate
16 is a solid, smooth surface. Substrate 16 typically is supported on a holder or carrier sheet
17 that may be larger than substrate 16.

{0377 In some embodiments, ‘a feature of the RF spﬁttering method is that the area

of wide area target 12 is greater than the area on the carrier sheet on which physically and
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chemically uniform deposition is accomplished. Secondly, a central region on target 12,
overlying the substrate 16, can be provided with a very uniform condition of sputter erosion

. of the target material. Uniform target erosion is a consequence of a uniform plasma
conditior.z. In tile following discussion, all mention of uniform condition of target erosion is
taken to be equivalent to uniform plasma condition. Uniform target erosion is evidenced by
the persistence of film uniformity throughout an extended target life. A uniform deposited
film is defined as a film having a nonuniformity in thickness, when measured at
representative points on the entire surface of a substrate wafer, of less than about 5%.
Thickness nonuniformity is defined, by convention, as the difference between the minimum
and maximum thickness divided by twice the average thickness. If films deposited from a
target from which more than about 20% of the weight of the target has been removed under
constant process conditions continue to exhibit thickness uniformity, then the sputtering
process is judged to be in a condition of uniform target erosion for all films deposited during
Fhe target life.

[038] Thus, a uniform plasma condition can be created in the region between the -
wréet and the substrate overlying the substrate. The region of uniform plasma condition is
indicated in the exploded view of FIG. 1B. A plasma is created in the region denoted 51,
which extends under the entire target 12. The central region of the target 52 experiences the
condition of uniform sputter erosion. As discussed further below, a layer deposited on a
substrate placed anywhere below central region 52 will have uniform film thickness.

{039] In addition, the region in which deposition provides uniform film thickness is
larger than the area in which deposition provides a film with uniform physical or optical
properties such as chemical composition or index of refraction. In the present invention the
target can be planar or appr_dximately i)lanar fér thé formz;ti.én of a film on a planar substrate

which is to be coated with the material of the target. In practice, planarity of the target means

10
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that all portions of the target surface in region 52 are within a few millimeters of an ideal
planar surface, typically within 0.5 mm.

[040] Figure 2 illustrates an example of target 12. A film deposited on a substrate -
positioned on carrier sheet 17 directly oppgsed to .region 52 of target 12 has good thickness
uniformity. Region 52 is the region shown in Figure 1B that is exposed to a uniform plasma
condition. In some implementations, carrier 17 can be coextensive with region 52. Region
24 shown in Figure 2 indicates the area below which both physically and chemically uniform
deposition can be achieved, for example where physical and chemical uniformity provide
refractive index uniformity. Figﬁre 2 indicates region 52 of target 12 that provides thickness
uniformity, which is, in general, larger than region 24 of target 12 providing thickness and
chemical uniformity to the depositgd film. In optimized processes, however, regions 52 and
24 may be coextensive.

[041] In some embodiments, magnet 20 extends beyond area 52 in one direction, for
example the Y direction in Figure 2, so that scanning is necessary in only one direction, for
example the X direction, to prg_)vide a time averaged uniform magnetic field. Asshownin- - -~
Figt'nes IA an(i 1B, magnet 20 can be scanned over the entire extent of target 12, which is
lf.n'ger than region 52 of uniform sputter erosion. Magnet 20 is movcd in a plane parallel to
the plane of target 12.

[042] The combination of a uniform target 12 with a target area 52 larger than the
area of substrate 16 can provide films of highly uniform thickness. Further, the material
Iﬁroperties of the film deposited can be highly uniform. The conditions of sputtering at the
target surface, such as the unifoﬁnity of erosion, the‘average temperature of the plasma at the
target surface and the equilibration of the target surface with the gas phase ambient of the
process are uniform over a region which is greéter rhan or equal to the region to be coated

with a uniform film thickness. In addition, the region of uniform film thickness is greater

11
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than or equal to the region of the film which is to have highly uniform optical iaroperties such
as index of refraction, density, transmission, or absorption.

[043] Inthe present disclosure, target 12 can be formed from perovskite material,
such as BST, for deposition of dielectric perovskite film. In some embodiments of the
present invention the perovskite target is doped with transition metal dopants, for example
Manganese, transition elements, lanthanides (including the rare earth ions) and/or amphotaric
elements. In some embodiments of the present invention the percentage of the dopant in the
perovskite target is from 0.1 to several percent.

[044] In some embodiments of the invention, material tiles are formed. These tiles
can be mounted on a backing plate to form a target for apparatus 10. A wide area sputter
cathode target can be formed from a close packed array of smaller tiles. Target 12, therefore,
may include any number of tiles, for example between 2 and 20 individual tiles. Tiles can be
finished to a size so as to provide a margin of non-contact, tile to tile, less than about 0.010”
to about 0.020” or less than half a millimeter so as to eliminate plasma processes that may
occur between adjacent ones of tiles 30. The distance between tiles of target 12 and the dark
space anode or ground shield 19 in Figure 1B can be somewhat larger so as to provide non
contact assembly or to provide for thermal expansion tolerance during process chamber
conditioning or operation.

[045] As shown in Figure 1B, a uniform plasma condition can be created in the
region between target 12 and substrate 16 in a region overlying substrate 16. A plasma 53
can be created in region 51, which extends under the entire target 12. A central region 52 of
target 12 can experience a condition of uniform sputter erosion. As discussed further below,
a layer deposited on a substrate placed anywhere below central region 52 can then be uniform
in thickness and other propérties (i.e., dielectric, optical in;lex, or material concentrations). In

addition, in region 52 the deposition provides uniformity of deposited film that can be larger

12
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than the area in which the deposition provides a film with uniform physical or optical
properties such as chemical coraposition or index of refraction. In some embodiments, target
12 is substantially planar in order to provide uniformity in the film deposited on substrate 16.
In practice, planarity of térget 12 can mean that all portions of the target surface in region 52
are within a few millimeters of a planar surface, and can be typically within 0.5 mm of a
planar surface.

[046] Reactive gases that provide a constant supply of oxygen to keep the target
surface oxidized can be provided to expand thé process window. Some examples of the gases
that can be utilized for controlling surface oxidation are O, water vapor, hydrogen, N;O,
fluorine, helium, and cesium. Additionally, a feedback control system can be incorporated to
control the oxygen partial pressure in the reactive chamber. Therefore, a wide range of
oxygen flow rates can be controlled to keep a steady oxygen partial pressure in the resulting
plasma. Other types of control systems such as target voltage control and optical plasma
emission control systems can alsé be utilized to control the surface oxidation of the target. In
some embodiments, power to target 12 can be.controlled in a feedback loop at supply 14.
Further, oxygen partial pressure controller 20 can control either oxygen ot argon partial
pressures in plasma 53. In some embodiments of the present invention, oxygen flow or
partial pressure can be utilized to maintain a constant voltage of discharge from target 12.

[047] Figures 3A and 3B show a capacitm; structure with a dielectric perovskite
layer deposited according to some émbodiments of the present invention. As shown in
Figure 3A, a dielectric perovskite layer 302 is deposited on a substrate 301. In some
embodiments, the dielectric layer 302 can be patterned in various ways before deposition of a
substrate 301. In some embodiments, a first electrode layer 303 can be deposited on the
substrate and the dielectﬁc iayer 302is depc;sitéd over the first electrode layer. The second

electrode layer 304 is then deposited over the dielectric layer 302. In some embodiments of

13
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the invention, the dielectric perovskite layer 302 is crystalline and has sufficiently high
dielectric constant without the necessity of a high temperature anneal. Therefore, substrate
301 can be a silicon wafer, titanium metal, alumina, or other conventional high temperature
substrate, but may also be a low temperature material such as plastic, glass, or other material
that may be susceptible to damage from the high temperature anneal. This feature can have
the great advantage of decreasing the expense and weight of capacitor structures formed by
the present invention. The low temperature deposition of perovskite material allows for
successive-depositions of perovskite and electrode layers, one upon another. Such a process
would have the advantage that successive layers of capacitor structure would be obtained in a
stacked condition without the inclusion of a substrate layer. The stacked layered capacitor
would provide higher capacitance and higher energy storage than single layer devices with a
smaller surface area. Additionally, a capacitor with a lower inductance can be obtained.

[048] In accordance with the present invention, perovskite films can be deposited on
substrate 302 with a pulsed-DC biased PVD system as was described above. In particular, an
AKT 1600 PVD system can be modified to provide an RF bias and an Advanced Energy
Pinnacle plus 10K pulsed DC power supply can be utilized to provide power to a target. The
pulsing frequency of the power supply can vary from about 0 to about 350 KHz. The power
output of the power supply is between 0 and about 10 kW.

[049] A target of Barium Strontium Titanate with resist.ivity in the range of less than
about megaohms can be utilized with high rate pulsed-dc sputtering. As discussed above, the
target can be mounted on a monolithic backing plate as described in U.S.. Provisional
Application {Attorney Docket No. 09140.6013}, filed on August 26, 2005, which is also
herein incorporated by reference in its entirety.

[050] In general, target 12 can be a dieIéctric .material héving a i‘esistivity of less

than about a megaohm, and therefore can be described as a conducting ceramic target. Target
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12, which is formed of a dielectric perovskite material that may not be inherently conducting,
is made conducting by formulation so as to contain an excess of metallic composition or by
addition of a dopant that provides sufficient conductivity. Examples of suitable dopants
include boron, antimony, arsenic, phosphorous, or other dopants. In the example of a BST
target, the sintering process can be conducted in the presence of a reducing ambient to
achieve a sufficiently oonductii.!e target material. Utilization of a conducting ceramic target
material can be sputtered at high rates utilizing reactive pulsed-DC techniques so as to form
dense stoichiometric dielectric films.

[051] Gas flows containing Oxygen and Argon can be utilized. In some
embodiments, the Oxygen to Argon ratio ranges from 0 to about 50% with a total gas flow of
b;tween about 60 to about 80 sccm. The pulsing frequency ranges from about 200 kHz to
about 350 kHz during depésition. RF bias can also be applied to the substrate. In many
trials, the deposition rates varied from about 2 Angstrom/(kW sec) to about 1 Angstrom/(kW
sec) depending on the O,/ Ar ratio as well as substrate bias.

[052] Figure 3A illustrates a layer of perovskite material 302 deposited on a thin'
substrate 301 according to some embodiments of the present invention. Substrate 301 can be
formed of a thin metallic sheet (e.g., copper, titaniumi, stainless steel, or other suitable thin
metallic sheet), can be formed of a high temperature plastic material, or may be formed of a
ceramic, glass, or polymer material.

[053] Depositing ﬁateﬁds on a thin substrate involves holding and positioning the
substrate during deposition. Figures 4A, 4B, 4C, and 4D illustrate a reusable fixture 400 for
holding a thin film substrate. As shown in Figure 4A, reusable fixture 400 includes a top

. portion 401 and a bottom portion 402 that are fastened together to secure the substrate. Thin
substrate 301 is posiﬁon_ed betWeen top" portion 401 and bc;ttom pﬁrtion 402. As shown in

Figure 7B, top portion 701 and bottom portion 702 are such that substrate 301 is brought into
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a planar condition and subsequently clamped as top portion 401 is closed into bottom portion
402. Substrate 301 can be easily held by fixture 400 so that substrate 301 can be handled and
positioned. In some embodiments, the comers of substrate 301, areas 403, are removed so
that substrate 301 is more easily stretched by avoiding “wrap-around” corner clamping
effects when top portion 401 is closed into bottom portion 402.

[054] As shown in Figure 40, a mask 412 can be attached to fixture 400. In some
embodiments, fixture 400 includes guides in order to align fixture 400 with respect to mask
412. In some embodiments, mask 412 may be attached to fixture 400 and travel with fixture
400. Mask 412 can be positioned at any desired-height above substrate 301 in fixture 400.
Therefore, mask 412 can function as either a contact or proximity mask. In some
embodiments, mask 412 is formed of another thin substrate mounted in a fixture similar to
fixture 400.

[055] As shown in Figure 4C and 4D, fixture 400 and mask 412 can be positioned
relative to mount 410. Mount 410, for exampie, can be a susceptor, mount, or an electrostatic
chuck of a processing chamber.such as that shown in Figures 1A and 1B. Fixture 400 and .

" mask 41é can have features. that allow for ready alignment with respect to each other and
with respect to mount 410. In some embodiments, mask 412 is resident in the processing
chamber and aligned with fixture 400 during positioning of fixture 400 on mount 410, as
shown in Figure 4D.

[056] Utilizing fixture 400 as showﬁ in Figures 4A, 4B, 4C, and 4D allows
processing of a thin film substrate in a processing chamber. In some embodiments, thin film
substrates can be about 1 pm or more. Further, thin film substrate 301, once mounted within
fixture 400, can be handled and moved from process.chamber to process chamber.

Therefore, a multiprocessor chamber sys;tem can be utilized to form stacks of layers,

16

Page 1408 of 1542



WO 2007/027535 PCT/US2006/033315

including one or more layers of perovskite film deposited according to embodiments of the
present invention.

[057] Figure S illustrates a cluster tool 500 for processing thin film substrates,
Cluster tool 500 can, for example, include load lock 502 and load lock 503, through which
mounted thin film substrate 301 is loaded and a resultant device is removed from cluster tool
500. Chambers 504, 505, 506, 507, and 508 are processing chambers fof depositions of
materials, heat treatments, etching, or other processes. One or more of chambers 504, 505,
506, 507, and 508 can be a pulsed-DC or RF PVD chamber such as discussed above with
respect to Figures 1A, 1B, and 1C and within which a dielectric perovskite ﬁlm may be
deposited according to embodiments of the present invention.

[058] Processing chambers 504, 505, 506, 507, and 508 as well as load locks 502
and 503 are coupled by transfer chamber 501. Transfer chamber 501 includes substrate
transfer robotics to shuttle individual wafers between processing chambers 504, 505, 506,
507, and 508 and load locks 502 and 503.

[059]_ In production of a thin-film capacitor, subétrates are Joaded into logd lock 503.
An electrode layer can be deposited in chamber 504, followed by a perovskite deposition
performed in chamber 505. The substrate can then be removed through load lock 503 for an
in-air heat treatment external to cluster tool 500. The treated wafer can then be reloaded into
cluster tool 500 through load lock 502. The wafer can then again be removed from ;:luster
tool 500 for deposition of 5 second electrode layer, or sometimes chamber 506 can be adapted
to deposition of the second electrode layer. The process can be repeated to form a capacitor
stack. The finished capacitor structure is then off-loaded from cluster tool 500 in load lock
502. Wafers are shuttled from chamber to chamber by robotics in transfer chamber 501.

- [060] A capacitbr structure produced according to the ﬁresent invention could utilize

thin film substrates loaded in a fixture such as fixture 400. Fixture 400 is then loaded into
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load lock 503. Chamber 504 may still include deposition of the electrode layer. Chamber
505 then includes deposition of a perovskite layer according to embodiments of the present
invention. A second electrode layer can then be deposited in chamber 506. In this process,
only low temperature anneal is utilized to increase crystallinity and the dielectric constant of
the perovskite layer.

f061] Another advantage of a thin film capacitor process is the ability to stack
capacitor structures. In other words, substrates loaded into cluster tool 500 may traverse
process chambers 504, 505, 506, 507, and 508 m{lltiple times in order to produce multiply

| stacked capacitor structures. Figures 6A and 6B illustrate such sn'uctures,'.

[062] Figure 6A illugﬂates a'paralle!l coupled stacking. As shown in Figure 6A, a
substrate 301, which for example can be a high temperature plastic substrate, such as
polyimide, is loaded into load lock 503. Electrode layer 303, for example, can be deposited
in chamber 504. A dielectric perovskite layer 302' is then deposited on electrode layer 303.
Perovskite layer 302 can be about 0.1 to 1 pm and can be deposited in chamber 505
according to emquinx_eptg of the present invention.. The wafer can then be moved to
chamber 506 \.vhere the next electrode layer 304 of thickness of about 0.1 pm or more is
deposited. A second capacitor stack can then be deposited over the first capacitor stack
formed by first electrode layer 303, perovskite layer 302, and seconc.I electrode layer 304.
This capacitor stack includes second perovskite layer 305 and third electrode layer 306. In
some embodiments, further stacks can be formed. In some embodiments, metal layers 363,
304, and 306 differ in the mask utilized in deposition so that tabs are formed for electrical
coupling of layers.

[063] As discussed above, any number of individual capacitor stacks can be formed

" such that parallel capacitor formations are formed. Such a parallel arrangement of capacitor
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stacking structure can be formed of alternating layers of electrode and perovskite dielectric
layers and can have any number of dielectric layers.

[064] To form the structures shown in Figure 6, substrates are rotated again through
the chambers of cluster tool 500 in order to deposit the multiple sets of capacitors. In
general, a stack of any number of capacitors can be deposited in this fashion. -

[065] Tables I and II illustrate some examples depositions of perovskite material, for
example BST, according to the present invention. In these examples, the BST film is
deposited using an AKT-1600 PVD (400 X 500 mm substrate size) system from Applied
Komatsu. The power supply is an ENI 13.56 MHz RF power supply with a ENI matchbox.
The target material is BST with resistivity in the range of kQs or less. The target material
can, for example, be sintered. Silicon wafers are used for initial experiments. 0.1-1 microns
of BST films are deposited on Si wafers with various bottom electrode materials such as: nt++
Si, Ir, Pt, IrO; and also TisO7, Ti3Os, Nb, Os. The Oxygen to Argon ratio ranges from 0 to
50%. Process pressure ranges from 3-10 mT. RF bias is applied to substrates for some of
the examples. A'I'?le dielectric constant of as deposited film range from 13 to 123 and increases
after post-deposition anneal to more than 1000.

| [066] One skilled in the art will recognize variations and modifications of the
examples specifically discussed in this disclosure. These variations and modifications are
intended to be within the scope and spirit of this disclosure. As such, the scope is limited

only by the following claims.
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TABLE 1

Thfclllc‘nness Target Power Bias Power : Dielectric
Example # (nm) Wr ) ‘Ar/0, Ratio Vbd Ebd C(PF) | Constant
BST 2 3679 1500 100 - 50/50 157 4.267464] 167 1335
BST3 3736 1500 100 50/50 150 - | 4.014989 168 13.64
BST3-N++550c *| 3736 1500 - 100 40 1.070664] 1670 | 135.57
BST-Pt-1 2282 1500 100 50/25 47 2.059597| 299.5 | 1435
BST Pt-1 550C 2282 1500 100 16 0.701139] 5722 | 28374
BST-n++-4 2282 1500 100 50/25 120 5.258545] 274 13.59
BST-n++550c 2282 1500 100 - 30 1.314636] 1970 97.69
BST-r02-1° |- 2310 1500 100 . 50125 100 | 4329004 2962 |- 14.87
BST-1r02-1 750C | 2310 ' 50/25 24 0:103896| 17700 | 888.46
BST-Pt-2 2310 1500 100 50/25 100 |- 4329004/ 319 16.01 .
BST-Pt-2 650C 2310 ' 9.4 0.4069260 9750 | 489.41
BST-Pt-3 2199 1500 100 © 75025 7 0.318327] 2580 | 123.28
BST-Pt-3 550 2199 1500 .100 75125 112 | 0.509322] 10740 | 513.20
BST Ir02-2 2199 1500 100 75025 16.7 | 0.759436] 378 18.06
BST 1r02-2550 | 2199 1500 100 75025 14 0.063665| 10400 | 496.95
BST 1r02-2 650 2199 1500 100 175025 6.9 0313779 11000 | 525.62
BST Ir02-2750 | 2199 75125 14 0.063665| 21950 | 104885
STPtlstep | 2918 2000 -0 5050 - ' 1230 | 78.56
BSTIr1step 2918 2000 0 '50/50 1180 | 7482
IBST 1rO2 1 step 2918 2000 ) '50/50 567 | 3595
BST Pt 2 steps 1689 2000 - 0 100/0-50/50 | 1220 | 4478
BST Ir 2 steps 1689 2000 0 100/0-50/50 1230 | 45.14
BST IrO2 2steps | 1689 2000 0 100/0-50/50 684 25.10
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Table IT'

Dielectric
Sample# thickness | target power | bias ?ower~ Ar/02 de(ps)::;ae Vbd| Ebd CPF) | pietectric | VP4 W) C(PF) (ng;g:)’é"
Constant, k| anneal)
ALDOEN++-1 840.4 70 | 8.329367 380 6.939418
840.4 377 6.884633
ALDQEN++-2 57672 60.5 7.581825
. 1200 0 -
experiment 109 1000 1200 | 26.07562
. 840 75 | 8.928571 405 7.392438
ebonex,BST (A) 1140 900 100 3600 0 0
Ir Coated #2 2220 900 0 50/50 5400 0 508 24.50587- 16800 | 810.4302
5000
2220 ) . 21530 | 1038.605
= IrO2 Coated #2 2220 900 0 50/50 . 5400 0 365 17.60756 | 9 | 0.405 ]:-22000 | 1061.278
2220 - 0. 20000 | 964.7979
19000
. . 9000
N++(1) 2220 - 900 .0 5400 12 | 0.540541 290 13.98957 | 12 © 2512 | 121.1786
N++2) | 840 900 100 50/50 5400 | 10 { 1.190476 982 17.92438 | 10 2675 | 48.8266
N++(3) can't meas 900 200 _ 5400 377 '
N-++(4) 1490 900 100 50/25 5400 0 242 7.835289 537 | 17.38657
Ti40Q7 (A) 910 900 50/50 0 3030 | 59.91525 450 | 8.898305
910 2962 58.57062
) 910 2860 | 56.55367
Ti407 (B) ' 1490 50/25 | 0 1988 64.36593 314 10,16645
' 1490 ‘ 2048 | 66.30856
. 1000 sec no
Ir#3 650 900 bias/ 4400sec]  50/50 5400 " very leaky
bias 80W '
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500 sec no )
Ir #4 870 900 bias/ 4900 50/50 5400 very leaky
: sec 50w bias
. 1500sec no .
Ir#5 2000 900 bias/5700 sec] 50/50 7200 very leaky
50W bias
IrO2 (Tsub=450c) 2000 200 -no bias 50/50 5400 10 0.5 1390 60.40852 | 10 5972 | 259.5393
2000 6021 | 261.6688
i+ (6)(Tsub=450c) 934 900 75 w bias 50/50 7200 12 | 1.284797 870 17.65711 | 12 2857 | 57.98431
n++ (7) (focim) 2541 900 no bias 50/50 5400 219 13| 0.512 2210 | 122.0254
n++(8) (room) 2504 9200 75 wbias . 56/50 7200 224 12.18809 | 22 | 0.879 2218 | 120.6839
"3 -+ (9) (room) 10000 75 w bias 50/50 28800 58 ] 12.60322] 55| 0.55 9547 | 207.4533
n++ (10) (room) 5000 75w bias 50/50 14400
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WHAT IS CLAIMED IS:

1. A method of depositing a perovskite layer on a substrate, comprising:

placing the substrate into a reactor;

flowing a gaseous mixture through the reactor; and

providing power to a target formed of a perovskite material positioned

opposite the substrate.

2. The method of claim 1, wherein providing power to the conducting target includes
applying pulsed-DC power to the conducting target.

3. The method of claim 2 further including filtering the pulsed-DC power to protect a
pulsed DC power supply from a bias power while allowing passage of the
puised DC power through the filter.

4. . The method of claim 2, further including supplying an RF bias power to the substrate.

5. The method of claim 1, wherein providing power to the conducting target includes
applying RF power to the conducting targef.

6. The method of claim 1, wherein aiﬁero-\fsl(vite' layer is formed on the substrate.

7. The method of claim 6, wherein the perovskite la)}er is a barium strontium titanite
(BST) layer.

8. The method of claim 6, wherein the formed perovskite layer is more than about 0.1
micron thick.

9. The method of claim 6 wherein the formed perovskite layer is less than about 1
micron thick.
10.  The method of claim 6, further comprising annealing the perovskite layer formed on

the substrate.
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11.  The method of claim 10 wherein annealing the perovskite layer includes heating the
perovskite layer to an anneal temperature of between about 500°C and about
800°C.

12.  The method of claim 1, further comprising preheating the substrate before applying
power to the conducting target.

13.  The method of claim 12, wherein preheating the substrate including heating the

A substrate to a temperature of about 400 °C for low temperature perovskite
deposition.

14.  The method of claim 1, wherein the substrate is a low temperature substrate.

15.  The method of claim 14, wherein the low temperature substrate is one of a set of
substrates including glass, plastic, metal foil, copper, and stainless steel.

16. . The method of claim 1 wherein the conducting target is doped with a transition metal
dopant, transition element, lanthanide, and/or amphotaric elements.

17.  The method of claim 16 wherein the target is doped with Manganese.

18. .. The method of claim 17 wherein a level of Manganese in the target is.at least 0.1%.. . . ..

19.  The method of claim 1, wherein the perovskite target is a conductive target.
20. A capacitor structure, comprising:
a first conducting electrode layer;
a dielectric perovskite layer deposited over the first conducting electrode
layer; and
a second conducting electrode layer deposited over the dielectric perovskite
layer.
21. The capacitor of claim 20, whe;ein the first conducting layer is a copper sheet.

22. A stacked capacitor structure, comprising:
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one or more capacitor stacks deposited on a substrate, whefein each capacitor
stack comprises:.
a bottom electrode layer,
a dielectric perovskite layer deposited over the electrode layer, and
a top electrode layer depdsited over the one or more capacitor stacks.
23.  The stacked capacitor structure of claim 22, wherein the capacitér stacks form a
parallel stacked capacitor structure.
24. The stacked capacitor structure of claim 22, wherein the capacitor stacks form a series
stacked capacitor structure.
25, A method of producing a capacitor, comprising:
loading a substrate into a cluster tool; -
depositing a dielectric perovskite layer over a substrate in a chamber of the
cluster tool.
26.  The method of claim 25, wherein depositing the dielectric perovskite layer includes
depositing perovskite film with a pulsed-DC PVD process. - -
27.  The method of claim 25, wherein depositing the dielectric perovskite layer includes
depositing perovskite film with an RF sputtering PVD process.
28.  The method of claim 25, wherein depositing the dielectric perovskite layer includes
depositing the perovskite material through a mask.
29.  The method of claim 25, further including
depositing a bottom electrode layer on the substrate wherein the dielectric
perovskite layer is .deposited over the bottom electrode layer.
31.  Themethod of claim 25, further including depositing a top electrode layer over the
dielectric perovskite layer. o

32. A fixture for holding a thin substrate, comprising:
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a top portion; and
a bottom portion, wherein
the thin substrate is held when the top portion is attached to the bottom

portion.
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- [ NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

1 Responsive to communication(s) filed on 02 October 2007.
2a)[] This action is FINAL. 2b){X This action is non-final.
3)[ Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quaylfe, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims
4)X Claim(s) 2-13,21-24 and 40-60 is/are pending in the application.
4a) Of the above claim(s) ___ is/are withdrawn from consideration.
5[] Claim(s) _____is/are allowed.
6)X] Claim(s) 2-13,21-24 and 40-60 is/are rejected.
7)] Claim(s) ____is/are objected to.
8)[] Claim(s) _____ are subject to restriction and/or election requirement.

Application Papers

9)[_] The specification is objected to by the Examiner.
10)[] The drawing(s) filed on ______is/are: a)[] accepted or b)[ ] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35U.8.C. §119

12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)J Al b)J Some * c)[] None of:
1. Certified copies of the priority documents have been received.
2.[J Certified copies of the priority documents have been received in Application No. ___
3. Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a}).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) Notice of References Cited (PTO-892) 4) D Interview Summary (PTO-413)
2) [] Notice of Draftsperson’s Patent Drawing Review (PTO-048) Paper No(s)/Mail Date. _____

3) [X] information Disclosure Statement(s) (PTO/SB/08) 5) L] Notice of informal Patent Application
Paper No(s)/Mail Date 10/2/07. 6) ] Other: 4

U.S. Patent and Trademark Office ’
PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20071110
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DETAILED ACTION
Continued Examination Under 37 CFR 1.114
A request for continued examination under 37 CFR 1.114, including the fee set
forth in 37 CFR 1.17(e), was filed in this application after final rejection. Since this
application is eligible for continued examination under 37 CFR 1.114, and the fee set
forth in 37 CFR 1.17(e) has been timely paid, the finality of the previous Office action
has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on 10/2/07

has been entered.

Claim Rejections - 35 USC § 103
The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.

Claims 10-13, 21, 40-45 and 51-60 are rejected under 35 U.S.C. 103(a) as being
unpatentable over Smolanoff et al. (6,117,279) in view of Fu et al. (6,306,265), and
further in view of Liu et al. (6,086,730) .

| With respect to claims 21, 40, 43 and 51, Smolanoff et al. disclose providing
pulsed DC power (21) through a filter (22) to a target (16) (Col. 5, lines 50-55); providing
RF bias power to a substrate (15) positioned opposite the target (Col. 5, lines 60-65),
providing process gas between the target and the substrate (Col. 7, lines 25-28);

wherein the filter protects a pulsed DC powef supply (21) from the bias power, and
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wherein a plasma is created by application of the pulsed DC power to the target (Col. 6,
lines 8-13); and wherein the film is deposited by exposure of the substrate to the plasma
(Col. 6, lines 30-33); using an specific type of filter is a matter of design choice
depending on the quality of product needed, and it is obvious that the filter is going to |
work at certain frequencies. Furthermore, if it is a band rejection, band pass, low-pass,
high-pass, or stop band filter, this is a matter of design choice depending on what it is
intended or needed for the desired final product or device. It is obvious that the filter is
going to work at certain frequencies.

| Smolanoff et al. do not clearly disclose wherein conditioning the target includes
sputtering with the target in a metallic m’ode to remove the surface of the target and
sputtering with the target in a poisonous mode to prepare the surface.

Fu et al. disclose wherein conditioning the target includes sputtering with the
target in a metallic mode to remove the surface of the target and sputtering with the
target in a poisonous mode to prepare the surface (Col. 19, lines 35-40).

It would have been within the scope of one of ordinary skill in the art to combine
the teachings of Smolanoff et al. and Fu et al. to enable the conditioning step of
Smolanoff et al. o be berformed according to the teachings of Fu et al. because one of
ordinary skill in the art would have beeh motivated to look to alternative suitable
methods of performing the disclosed conditioning step of Smolanoff et al. and art
recognized suitability for an intended purpose has been recognized to be mdtivation to

combine. See MPEP 2144.07.

Page 1432 of 1542



Application/Control Number: Page 4
10/101,863
Art Unit: 2823

The combination of Smolanoff et al. and Fu et al. does not clearly disclose
applying pulsed DC power to the target such that a target voltage oscillates between
positive~and negative voltages.

Liu et al. disclose applying pulsed DC pbwer to thé target such that a target
voltage oscillates between positive and negative voltages (Col. 8, lines 1-5 and Figs.
4B-4C).

It would have been within the scope of one of ordinary skill in the art to combine
the teachings of Smolanoff et al., Fu et al. and Liu et al. to enable the pulsed DC power
application step of the combination to be performed according to the teachings of Liu et
al. because one of ordinary skill in the art woulpl have been motivated to look to
alternative suitable methods of performing the disclosed pulsed DC power application
step of the combination and art recognized suitability for an intended purpose has been

recognized to be motivation to combine. See MPEP 2144.07.

With respect to claims 8 and 52, Smolanoff et al. disclose wherein the process
gas includes a mixture of oxygen and argon (Col. 7, lines 21-27).

With respect to claim 10, Smolanoff et al. disclose whérein the process gas
further includes nitrogen (Col. 7, lines 25-26).

With respect to claim 11, Smolanoff et al. disclose wherein providing pulsed DC
power to a target includes providing pulsed DC power to a target which has an area

larger than that of the substrate (See fig. 1).
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With respect to claims 12, 49 and 55, Smolanoff et al. disclose further inclUding

unifdrmly sweeping the target with a magnetic field (Col. 6, lines 1-7).

With respect to claims 13 and 50, Smolanoff et al. disclose wherein uniformly
sweeping the target with a magnetic field includes sweeping a magnet in one direction
across the target where the magnet extends beyond the target in the opposite direction

(Col. 6, lines 1-6).

With respect to claims 56-60, One of ordinary skill in the art would have been led
to the recited time pulse, bias power and frequency to routine experimentation to
achieve a desire 'layer thickness, device dimension, device associated characteristics

and device density on the finished wafer in view of the range of values disclosed.

In addition, the selection of timé pulse, bias power and frequency, its obvious
because it is a matter of determining optimum process conditions by routine
experimentation with a limited number of species of result effective variables. These
claims are prima facie obvious without showing that the claimed ranges achieve
unexpected results relative to the prior art range. In re Woodruff, 16 USPQ2d 1935,
1937 (Fed. Cir. 1990). See also In re Huang, 40 USPQ2d 1685, 1688 (Fed. Cir.
1996)(claimed ranges or a result effective variable, which do not overlap the prior art
ranges, are unpatentable unless they produce a new and unexpected result which is
different in kind and not merely in degree from the results of the pfior art). See also In
re Boesch, 205 USPQ 215 (CCPA) (discovery of optimum value of result effective

variable in known procesé is ordinarily within skill or art) and In re Aller, 105 USPQ 233
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(CCPA 1995) (selection of optimum ranges within prior art generai conditions is
obvious).

Noté that the specification contains no disclosure of either the critical nature of
the claimed time pulse, bias power and frequency or any unexpected results arising
therefrom. Where patentability is said to be based upon particular chosen time pulse,
bias power and frequency or upon another variable recited in a claim, the Applicant
must shbw that the chosen time pulse, bias power and frequency are critical. In re

Woodruf, 919 F.2d 1575, 1578, 16 USPQ2d 1934, 1936 (Fed. Cir. 1990).

Claims 2-4, 6 and 22-24 are rejected under 35 U.S.C. 103(3) as being
unpatentable over Smolanoff et al. in view of Fu et al. and Liu et al. as applied to claims
10-13, 21, 40-45 and 51-60 above, and further in view of the following comments.

With respect to claims 2-4, 6 and 22-24, 41, 42, 44-48, One of ordinary skill in the
art would have been led to the recited temperature, VDC power, gas flow, time pulse and
bias power to routine experimentation to achieve a desire layer thickness, device
dimension, device associated characteristics and device density on the finished wafer in

view of the range of values disclosed.

In addition, the selection of temperature, DC power, gas flow, time pulse and bias
power, its obvious because it is a matter of determining optimum process conditions by
routine experimentétion with a limited number of species of result effective variables.
These claims are prima facie obvious without showing that the claimed ranges achieve

unexpected results relative to the prior art range. In re Woodruff, 16 USPQ2d 1935,
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1937 (Fed. Cir. 1990). See also In re Huang, 40 USPQ2d 1685, 1688 (Fed. Cir.
1996)(claimed ranges or a'resu!t effective variable, which do not overlap the prior art
ranges, are unpatentable unless they produce a new and unexpected result which is
different in kind and not merely in degree from the results of the prior art). See also In
re Boesch, 205 USPQ 215 (CCPA) (discovery of optimum value of result effective
variable in known process is ordinarily within skill or art) and In re Aller, 105 USPQ 233
(CCPA 1995) (selection of optimum ranges within ‘pri‘or art general conditions is
obvious).

Note that the specification contains no disclosure of either the critical nature of
the claimed temperature, DC power, gasA flow, time pulse and bias power or any
u‘nexpectedﬂresults arising therefrom. Where patentability is said to be based upon
particular chosen temperature, DC power, gas flow, time pulse and bi'as power or upon
another variable recited in a claim, the Applicant must show that the chosen
temperature, DC power, gas flow, time pulse and bias power are critical. In re Woodruf,

919 F.2d 1575, 1578, 16 USPQ2d 1934, 1936 (Fed. Cir. 1990).

Claims 7 and 9 are rejected under 35 U.S.C. 103(a) as being unpatentable over
Smolanoff et al. in view of Fu et al. and Liu et al. as applied to claims 10-13, 21, 40-45
and 51-60 above, and further in view of Le et al. (2003/0077914).

The combination of Smolanoff et al. and Fu et al. does not disclose wherein the film
is an upper cladding layer of a waveguide structure and the bias power is optimized to

provide planarization.
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With respect to claim 7, Le et al. disclose wherein the film is an upper cladding
layer of a waveguide structure and the bias power is optimized td provide planarization
Page 5, Paragraph {0075].

It would have been within the scope of one of ordinary skill in the art to combine
the teachings of Smolanoff et al,, Fu et al., Liu et al. and Le et al. to enable the film
material of Smolanoff et al. to be the same according to the téachings of Le et al.
because one of ordinary' skill in the art would have been motivated to look to alternative
suitable film materials for the disclosed film formation step of Smolanoff et al. and art
recognized suitability for an intended purpose has been recognized to be motivation to
combine. See MPEP 2144.07.

With respect to claim 9, Le et al. disclose wherein the oxygen flow is adjusted to

adjust the index of refraction of the film (Page 5, Paragraph [0076]).

Response to Arguments
Applicant’'s arguments, filed 10/2/07, with respect to the rejection(s) of claim(s)
21, 43 and 51 under 35 USC 103 have been fully considered and are persuasive.
Therefore, the rejection has been withdrawn. However, upon further consideration, a

new ground(s) of rejection is made in view of Liu et al.
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Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Michelle Estrada whose telephone number is 571-272-
1858. The examiner can normally be reached on Monday through Friday.

If attempt_s' to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Matthew Smith can be reached on 571-272-1907. The fax phone number
for the organization where this application or proceeding is assigned is 571-273-8300.

Any inquiry of a general nature or relating to the status of this application or
proceeding should be directed to the receptionist whose telephone number is 571-272-
2800.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system.  Status iﬁformation for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197 (toll-free).

M Estrada

Primary Examiner
Art Unit 2823

ME
November 13, 2007
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PATENT
Customer No. 22,852
Attorney Docket No. 10655.0016-00

Yous

wZIN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: )
)

Hongmei ZHANG et al. ) Group Art Unit: 2823
)

Application No.: 10/101,863 ) Examiner: ESTRADA, Michelle
)

Filed: March 16, 2002 )
) Confirmation No.: 6938

For: BIASED PULSE DC REACTIVE )

SPUTTERING OF OXIDE FILMS )

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Sir:

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT UNDER
37 C.F.R. §1.97(c)

Pursuant to 37 C.F.R. §§ 1.56 and 1.97(c), Applicants bring to the attention of the
Examiner the documents on the attached listing. This Supplemental Information Disclosure
Statement is being filed after the events recited in Section 1.97(b) but, to the undersigned's
knowledge, before the mailing date of either a Final action, Quayle éction, or a Notice of
Allowance. Under the provisions of 37 C.F.R. § 1.97(c), this Supplemental Information
Disclosure Statement includes a certification as specified by Section 1.97(e).

Based on reasonable inquiry, no document listed in this Supplemental Information
Disclosure Statement was cited in a communication from a foreign patent office in a counterpart
foreign application, and no document listed in this Supplemental Information Disclosure
Statement was known to any individual designated in 37 C.F.R. § 1.56(c) more than three

months prior to the filing date of this Supplemental Information Disclosure Statement.
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U.S. Application No. 10/101,863
Attorney Docket No. 10655.0016-00

Copies of the listed non-patent literature documents are attached. A copy of the U.S.
patent is not enclosed.

Applicants respectfully request that the Examiner consider the listed documents and
indicate that they were considered by making appropriate notations on the attached form.

This submission does not represent that a search has been made or that no better art exists
and does not constitute an admission that each or all of the listed documents are material or
constitute "prior art.” If the Examiner applies any of the documents as prior art against any
claims in the application and Applicants determine that the cited documents do not constitute
"prior art" under United States law, Applicants reserve the right to present to the office the
relevant facts and law regarding the appropriate status of such documents.

Applicants further reserve the right to take appropriate action to establish the patentability
of the disclosed invention over the listed documents, should one or more of the documents be
applied against the claims of the present application.

If there is any fee due in connection with the filing of this Statement, please charge the
fee to Deposit Account 06-0916.

Respectfully submitted,

FINNEGAN, HENDERSON, FARABOW,
GARRETT & DUNNER, L.L.P.

Dated: November 27, 2007 By:
Gary J. }fdwar S
Reg. No. 41,008
(650) 849-6622
XPRESS MAIL LABEL NO.
EM 074696455 US
R
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Attorney Docket No. 106 . 16 0

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Application of:

Hongmei ZHANG et al. Group Art Unit: 2823

Filed: March 16, 2002

For: BIASED PULSE DC REACTIVE Confirmation No.: 6938
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)
Application No.: 10/101,863 ) Examiner: ESTRADA, Michelle
)
)
)
)
SPUTTERING OF OXIDE FILMS )

MAIL STOP AMENDMENT
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:
AMENDMENT AND RESPONSE TO OFFICE ACTION
In reply to the Office Action mailed November 15, 2007, please amend the
above-identified application as follows:
Amendments to the Claims are reflected in the listing of claims in this paper begmmng

on page 2.

Remarks/Arguments follow the amendment sections of this paper beginning on page 8 -
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AMENDMENTS TO THE CLAIMS:

This listing of claims will replace all prior versions and listings of claims in the

application:
1. (Canceled).

~. (Pr” iously presented): The method of Claim 21, further including holding the temperature

of the substrate substantially constant.

3. (Previously presented): The method of Claim 21, wherein applying pulsed DC power through
the filter includes supplying up to about 10 kW of power at a frequency of between about 40 kHz

and about 350 kHz and a reverse time pulse between about 1.3 and 5 ps.

4. (Previously presented): The method of Claim 21, wherein adjusting an RF bias power to the

substrate includes supplying up to 1000 W of RF power to the substrate.
5. (Canceled).
6. (Previously presented): The method of claim 4, wherein the RF bias power is zero.

7. (Previously presented): The method of Claim 21, wherein the RF bias power is optimized to

provide planarization.

8. (Previously presented): The method of Claim 21, wherein a process gas of the process gas

flow includes a mixture of Oxygen and Argon.

9. (Previously presented): The method of Claim 8, wherein the mixture is adjusted to adjust the

index of refraction of the film.
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10. (Previously presented): The method of Claim 8, wherein the mixture further includes

nitrogen.

11. (Previously presented): The method of Cldim 21, wherein applying pulsed DC power to the
target includes adjusting pulsed DC power to a target which has an area larger than that of the

substrate.

12. (Previously presented): The method of Claim 21, further including uniformly sweeping the

target with a magnetic field.

13. (Previously presented): The method of Claim 12, wherein uniformly sweeping the target
with a magnetic field includes sweeping a magnet in one direction across the target where the

magnet extends beyond the target in the opposite direction.
14-20. (Canceled).

21. (Currently amended): A method of depositing an insulating oxide film on a substrate,
comprising:

conditioning a target;

preparing the substrate;

adjusting an RF bias power to the substrate;

setting a process gas flow; and

applying pulsed DC power to the target such that a target voltage on the target oscillates
between positive and negative voltages to create a plasma and deposit the oxide film; and

narrow band rejection filtering the DC power at a frequency of the bias power before

applying the DC power to the target,
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wherein conditioning the target includes sputtering with the target in a metallic mode to
remove the surface of the target and then sputtering with the target in poisonous mode to prepare

the surface.

22. (Previously presented ): The method of Claim 21, wherein setting the process gas flow

includes adjusting constituents in order to adjust the index of refraction of the film.

23. (Previously presented): The method of Claim 21, wherein applying pulsed DC power

includes setting the frequency in order to adjust the index of refraction of the film.

24. (Previously presented): The method of Claim 21, further including adjusting a temperature

of the substrate in order to adjust the index of refraction of the film.
25-40. (Canceled).

41. (Previously presented): The method of claim 21, wherein a bandwidth of the narrow band

rejection filter is about 100 kHz.

42. (Previously presented): The method of claim 21, wherein the frequency of the RF bias is

about 2 MHz.

43. (Currently amended): A method of depositing an insulating oxide film on a substrate,
comprising:

preparing the substrate;

adjusting an RF bias power to the substrate;

setting a process gas flow;

applying pulsed DC power to a target such that a target-voltage on the target oscillates
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between positive and negative voltages and an oxide film is deposited on the substrate; and
narrow band rejection filtering the DC power at a frequency of the bias power before

applying the DC power to the target.

44. (Previously presented): The method of claim 43, wherein band rejection filtering the DC

power includes utilizing a band rejection filter with a bandwidth of less than about 100 kHz.

45. (Previously presented): The method of claim 43, wherein the frequency of the RF bias is

about 2 MHz.

46. (Previously presented): The method of Claim 43, wherein applying pulsed D™ po "er
includes supplying up to about 10 kW of power at a frequency of between about 40 kHz and

about 350 kHz and a reverse time pulse between about 1.3 and 5 us.

“7. (P"" iously presented): The method of Claim 43, further including holding the temperature

of the substrate substantially constant.

48. (Previously presented): The method of Claim 43, wherein adjusting an RF bias power to the

substrate includes supplying up to 1000 W of RF power to the substrate.

49. (Previously presented): The method of Claim 43, further including uniformly sweeping the

target with a magnetic field.

50. (Previously presented): The method of Claim 49, wherein uniformly sweeping the target
with a magnetic field includes sweeping a magnet in one direction across the target where the

magnet extends beyond the target in the opposite direction.
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51. (Currently amended): A method of depositing an insulating oxide film on a substrate,
comprising:

providing a process gas between the substrate and a target;

applying an RF bias power to the substrate;

applying pulsed DC power to the target such that a target-voltage on the target oscillates
between positive and negative voltages; and

narrow band rejection filtering the pulsed DC power at a frequency of the bias power
before applying pulsed DC power to the target,

wherein the oxide film is deposited on the substrate.

52. (Previously presented): The method of claim 51, wherein the process gas includes one or
more gasses chosen from the group consisting of Ar, N», O,, C;Fg, CO,, CO, NH3, NO, and

halide containing gasses.
53. (Previously presented): The method of claim 51, wherein the target is a metallic target.
54. (Previously presented): The method of claim 51, wherein the target is an intermetllic target.

55. (Previously presented). The method of claim 51, further including sweeping the target with

a magnetic field.

56. (Previously presented): The method of claim 51, wherein the pulsed DC power is supplied

with a reverse time pulse between about 1.3 and 5 ps.

57. (Previously presented): The method of Claim 51, wherein applying an RF bias power to the

substrate includes supplying up to 1000 W of RF power to the substrate.
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58. (Previously presented) The method of claims 21, wherein applying pulsed DC power
includes supplying pulsed DC power at a pulse frequency of between about 40 kHz and about

350 kHz.

59. (Previously presented) The method of claim 43, wherein applying pulsed DC power
includes supplying pulsed DC power at a pulse frequency of between about 40 kHz and about

350 kHz.

60. (Previously presented) The method of claim 51, wherein applying pulsed DC power
includes supplying pulsed DC power at a pulse frequency of between about 40 kHz and about

350 kHz.
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REMARKS

Claims 2-13, 21-24, and 40-60 are pending in the above-identified application. The
Examiner has rejected claims 2-13, 21-24, and 40-60. In this application, claims 21, 43, and 51
are amended as discussed during an interview with the Examiner on December 11, 2007. Claim
40 is canceled.

Examiner’s Interview

Applicant thanks the Examiner for meeting with us on December 11, 2007 (the
“Interview”). In attendance at the Interview were Examiner Michelle Estrada, Inventor R. Ernest
Demaray, and Applicant’s representative Gary J. Edwards. During the interview, all of the
claims were discussed as well as the art that has been cited against the claims. Agreement with
r¢spect to the claims was reached. In this Amendment, the claims have been amended as
discussed during the interview. The Examiner indicated in the Interview Summary that the
proposed language for the claims “would overcome the rejection on record.”

The substance of the discussion with the Examiner with respect to the claims and the art

is provided below.

Claim Rejections Under 35 U.S.C. § 103(a

Claims 10-13, 21, 40-45, and 51-60

Claims 10-13, 21, 40-45, and 51-60 were rejected under 35 U.S.C. § 103(a) as being
unpatentable over U.S. Patent No. 6,117,279 to Smolanoff et al. (“Smolanoff”) in view of U.S.
Patent No. 6,306,265 to Fu et al. (“Fu”), and in further view of U.S. Patent No. 6,086,730 to Liu

et al. (“Liu”). Claims 21, 43, and 51 are independent claims. As discussed during the Interview,
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Smolanoff, Fu, and Liu, either separately or in combination, do not teach or suggest “adjusting
an RF bias power to the substrate” in combination with “applying pulsed DC power to the target
such that a voltage on the target oscillates between positive and negative voltages to create a
plasma and deposit the oxide film” as is recited in claim 21; “adjusting an RF bias power to the
substrate” in combination with “applying pulsed DC power to a target such that a voltage on the
target oscillates between positive and negative voltages and an oxide film is deposited on the
substrate,” as is recited in claim 43; or “applying an RF bias power to the substrate” in
combination with “applying pulsed DC power to the target such that a voltage on the target
oscillates between positive and negative voltages,” as is recited in claim 51.

Further, both Smolanoff and Liu teach away from aspects of the claimed invention. As a
result, there is no reason to combine Smolanoff or Liu with any other art in order to find claims

21, 43, or 51 obvious under 35 U.S.C. § 103 (a).

L. Smolanoff does not teach, and in fact teaches away from, “applying pulsed DC power to the
target such that a voltage on the target oscillates between positive and negative voltages.”

As discussed during the Interview, Smolanoff teaches away from a system where the
target voltage becomes positive, as is recited in each of claims 21, 43, and 51. Smolanoff
teaches a directed ion metal vapor source for deposition of conductive films. Although
Smolanoff states that the DC source can be a pulsed DC source, Smolanoff also states that
“[plower from the steady or pulsed DC power supply 21 and/or RF generator 24 produces a
negative potential on the target 16.” (Smolanoff, col. 5, line 66, -col. 6, line 1) (emphasis
added). In every disclosure of target voltage, Smolanoff teaches that the target voltage must be
negative. (See, e.g. col. 5, lines 39-44 (“[t]he magnet structure 20 preferably includes magnets

that produce a closed magnetic tunnel over the surface of the target 16 that traps electrons given

9
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off into the chamber 12 by the cathode assembly 17 when the cathode assembly 17 is electrically
energized to a negative potential as is familiar to one skilled in the art”); col. 6, lines 9-12
(“[t]his main plasma in the region 23 becomes a source of positive ions of gas that are
accelerated toward, and collide against, the negatively charged surface of the target 16,
thereby ejecting particles of coating material from the target 16”) (emphasis added)).

Smolanoff never teaches that the target can be positive and, in accordance with the

teachings of Smolanoff, the target voltage must always be negative. Therefore, Smolanoff

teaches away from “applying pulsed DC power to the target such that a voltage on the target

oscillates between positive and negative voltages.” as is recited in each of claims 21, 43, and 51.

Smolanoff, then, also teaches away from “adjusting an RF bias power to the substrate” in
combination with “applying pulsed DC power to the target such that a voltage on the target
oscillates between positive and negative voltages to create a plasma and deposit the oxide film”
as is recited in claim 21; “adjusting an RF bias power to the substrate” in combination with
“applying pulsed DC power to a target such that a voltage on the target oscillates between
positive and negative voltages and an oxide film is deposited on the substrate,” as is recited in
claim 43; or “applying an RF bias power to the substrate” in combination with “applying pulsed
DC power to the target such that a voltage on the target oscillates between positive and negative
voltages,” as is recited in claim 51.

In addition, the Examiner indicated, with regard to the filter, that “if it is a band rejection,
band pass, low-pass, high-pass, or stop band ﬁiter, this is a matter of design choice depending on
what it is intended or needed for the desired final product or device.” and then opined that “[i]t is
obvious that the filter is going to work at certain frequencies.” However, as explained during the

Interview, that is not the case. The filter allows the combination of pulsed-DC power to the
-10-
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target (where the target voltage is oscillated between positive and negative voltages) and an RF
bias on the substrate. A filter that blocks too many of the constituent frequencies of the pulsed
DC waveform results in the target voltage not attaining a positive voltage. A filter that does not_
block the RF bias voltage can result in failure of the DC power supply. Smolanoff does not

teach the “narrow band rejection filtering” recited in each of claims 21, 43, and 51.

II. Liu does not teach, and in fact teaches away from, the combination of pulsed DC voltage
(where a voltage on the target oscillates between positive and negative voltages) and applying
RF bias to the substrate.

The Examiner stated that “[t]he combination of Smolanoff et al. and Fu et al. does not
clearly disclose applying pulsed DC power to the target such that a target voltage oscillates
between positive and negative voltages.” (Office Action, page 4). The Examiner then relies on
Liu to teach this aspect of claims 21, 43, and 51. As discussed above, Smolanoff teaches away
from applying voltage to the target that causes the target voltage to become positive. Therefore,
there is no reason to combine Smolanoff with Liu as suggested. Further, as discussed below, Lit
also teaches away from combining a pulsed DC voltage to the target where the target voltage
becomes positive and any bias voltage applied to the substrate except for a DC voltage applied t()
a conducting substrate.

Liu teaches deposition of conductive, diamond-like carbon thin films by sputtering with ;
pulsed-DC process. (See, e.g., Liu, Abstract). Liu teaches that the carbon film is deposited by “a
special type of pulsed DC power supply,” (Liu, col. 6, lines 21-26), where the pulse

characteristics provide “a positive potential to the target, by as much as, e.g. 300 volts positive,”

(Liu, col. 6, lines 44-45), and then “a negative potential to the target,” (Liu, col. 6, line 50).

-11-
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However, Liu teaches away from applying any bias to the substrate that is not a DC bias, and
then only if the substrate is a conducting substrate. As taught in Liu,

In addition to the pulsed DC sputtering with above mentioned

characteristics, the substrate can also be biased in order to enhance

the ta-C:H characteristics of the carbon film. Although this can

only be done with conductive substrates, the effect is

pronounced and useful. Nominally, the substrate is biased

negative to the ground . ... ~
(Liu, col. 6, line 66, to col. 7, line 3). Liu further teaches only DC bias voltages. (See, Liu, col.
7, lines 2-11).

Therefore, Liu does not teach the combination of pulsed DC where a voltage on the target
oscillates between positive and negative voltages and applying an RF bias to the substrate, and in
fact teaches away from such a combination especially as it applies to insulating films. As a
result, Liu can not teach “adjusting an RF bias power to the substrate” in combination with
“applying pulsed DC power to the target such that a voltage on the target oscillates between
positive and negative voltages to create a plasma and deposit the oxide film” as is recited in
claim 21; “adjusting an RF bias power to the substrate” in combination with “applying pulsed
DC power to a target such that a voltage on the target oscillates between positive and negative
voltages and an oxide film is deposited on the substrate,” as is recited in claim 43; or “applying
an RF bias power to the substrate” in combination with “applyihg pulsed DC power to the target
such that a voltage on the target oscillates between positive and negative voltages,” as is recited
in claim 51.

There would be no reason to combine Smolanoff and Liu as suggested by the Examiner
because each of these references teaches away from “adjusting an RF bias power to the

substrate” in combination with “applying pulsed DC power to the target such that a voltage on

the target oscillates between positive and negative voltages to create a plasma and deposit the

-12-
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oxide film” as is recited in claim 21; “adjusting an RF bias power to the substrate” in
combination with “applying pulsed DC power to a target such that a voltage on the target
oscillates between positive and negative voltages and an oxide film is deposited on the
substrate,” as is recited in claim 43; or “applying an RF bias power to the substrate” in
combination with “applying pulsed DC power to the target such that a voltage on the target

oscillates between positive and negative voltages,” as is recited in claim 51.

IIl. Fudoes not teach or suggest the claimed invention, and further Fu does not teach the
elements for which it is being cited.

The Examiner stated that “Smolanoff et al. do not clearly disclose wherein conditioning
the target includes sputtering with the target in a metallic mode to remove the surface of thé
target and sputtering with the target in a poisonous mode to prepare the surface.” (Office Action’
page 3). Fu is relied upon to disclose “wherein conditioning the target includes sputtering with
the target in a metallic mode to remove the surface of the target and sputtering with the target in
a poisonous mode to prepare the surface (Col. 19, lines 35-40).” (Office Action, page 3).

As discussed above, there is no reason to combine either of Smolanoff and Liu with Fu
because both Smolanoff and Liu teach away from the combination of pulsed-DC voltage to the
target where the voltage on the target oscillates between positive and negative voltages and an
RF bias applied to the substrate, as is recited in claims 21, 43, and 51. Additionally, Fu does not
teach the elements for which it is relied or itself teach the combination of pulsed-DC powér and
RF bias recited in the claims.

Fu teaches high density, magnetic field enhanced ionized metal vapor deposition of
conducting films. (See Fu, abstract). Fu, however, teaches utilization of a DC power supply (Fu,

col. 1, lines 30-32) in combination with an RF bias applied to the substrate (Fu, col. 2, lines 36-

-13-
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41). Therefore, Fu fails to teach “adjusting an RF bias power to the substrate” in combination
with “applying pulsed DC power to the target such that a voltage on the target oscillates between
positive and negative voltages to create a plasma and deposit the oxide film” as is recited in
claim 21; “adjusting an RF bias power to the substrate” in combination with “applying pulsed
DC power to a target such that a voltage on the target oscillates between positive and negative
voltages and an oxide film is deposited on the substrate,” as is recited in claim 43; or “applying
an RF bias power to the substrate” in combination with “applying pulsed DC power to the target
such that a voltage on the target oscillates between positive and negative voltages,” as is recited
in claim 51.
Fu does teach operation in the poison mode and operation in the metallic mode as applied
to TiN deposition, but does not teach “wherein conditioning the target includes sputtering with
the target in a metallic mode to remove the surface of the target and then sputtering with the
target in poison mode to prepare the surface,” as is recited in claim 21. As stated by Fu,
Reactive sputtering to produce TiN is known to operate in two
modes, metallic mode and poison mode. Metallic mode produces a
high-density, gold-colored film on the wafer. Poison mode, which
is often associated with a high nitrogen flow, produces a
purple/brown film which advantageously has low stress. However,
the poison-mode film has many grain boundaries, and film defects
severely reduce chip yield. Furthermore, the deposition rate in
poison mode is typically only one-quarter of the rate in metallic
mode. It is generally believed that in poison mode the nitrogen
reacts with the target to form a TiN surface on the Ti target while
in metallic mode the target surface remains clean and TiN forms
only the wafer.

(Fu, col. 19, lines 28-30). Fu teaches operation in either metallic mode or poison mode, and does

not teach “wherein conditioning the target includes sputtering with the target in a metallic mode

to remove the surface of the target and then sputtering with the target in poisonous mode to

-14-
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prepare the surface,” as is recited in claim 21. Independent claims 43 and 51 do not include this

limitation.

IV. Summary

As discussed above, claims 21, 43, and 51 are allowable over the combination of
Smolanoff, Fu, and Liu. Claims 10-13, 41-42, and 58 depend from claim 21 and are therefore
allowable over the combination of Smolanoff, Fu, and Liu for at least the same reasons as is
claim 21. Claim 40 has been canceled. Claims 44-45 and 59 depend from claim 43 and are
allowable over the combination of Smolanoff, Fu, and Liu for at least the same reasons as is
claim 43. Claims 52-57 and 60 depend from claim 51 and are allowable over the combination of

Smolanoff, Fu, and Liu for at least the same reasons as is claim 51.

Claims 2-4, 6, and 22-24

Claims 2-4, 6, and 22-24 are rejected under 35 U.S.C. § 103(a) as being unpatentable
over Smolanoff in view of Fu and Liu, as applied to claims 10-13, 21, 40-45, and 51-60.

Claims 2-4, 6, and 22-24 depend from claim 21. As discussed above, claim 21 is
allowable over the combination of Smolanoff, Fu, and Liu. Therefore, claims 2-4, 6, and 22-24
are all” able over the combination of Smolanoff, Fu, and Liu for at least the same reasons as is

claim 21.

-15-
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Claims 7-9

Claims 7 and 9 are rejected under 35 U.S.C. § 103(a) as being unpatentable over
Smolanoff in view of Fu and Liu, as applied to claims 10-13, 21, 40-45, and 51-60, and in further
view of U.S. Patent Publication No. 2003/0077914 to Le et al. (“Le”).

Claims 7 and 9 depend from claim 21. As discussed above, claim 21 is allowable over
the combination of Smolanoff, Fu, and Liu. Le does not cure the defects in the teachings of
Smolanoff, Fu, and Liu. Further, there is no reason to combine Smolanoff and Liu with any
other art in order to find claim 21 obvious because both Smolanoff and Liu teach away from
“adjusting an RF bias power to the substrate” in combination with “applying pulsed DC power to
the target such that a voltage on the target oscillates between positive and negative voltages to
create a plasma and deposit the oxide film” as is recited in claim 21.

Le teaches deposition of an anti-reflective coating by pulsing a DC source with no bias
applied to the substrate. As taught in Le,

The pulsed DC power source 22 applies a pulsed DC (direct

current) voltage to the target 14. The pulsed DC voltage may be

oscillated between negative and positive states. In one version, the

pulsed DC voltage is pulsed between “on” and “off” states . . . .
(Le, par. 0071). As further stated, “[t]he pulsed DC voltage alleviates this problem by
maintaining “on” and “off” states during each pulse cycle.” (Le, par. 0072). Therefore, Le does
not teach that the target voltage goes positive, and only teaches that the DC voltage is pulsed.
Further, there is no teaching of a bias applied to the substrate. Therefore, Le does not teach
“adjusting an RF bias power to the substrate” in combination with “applying pulsed DC power to

the target such that a voltage on the target oscillates between positive and negative voltages to

create a plasma and deposit the oxide film” as is recited in claim 21.

-16-

Page 1462 of 1542



U.S. Application No. 10/101,863
Attorney Docket No. 10655.0016-00

Further, Le was apparently presented to teach “wherein the RF bias power is optimized to
provide planarization,” as is recited in claim 7. ‘However, Le does not teach RF bias or
planarization of a cladding layer.

Therefore, claims 7 and 9 are allowable over the cited art for at least the same reasons as

is claim 21.

Conclusion

In view of the foregoing amendments, which are discussed during the Interview, and the
remarks, which provides the substance of the discussion during the Interview, Applicant
respectfully requests the timely allowance of the pending claims, which the Examiner indicated
would be allowable after the amendments provided herein. If the Examiner has any questions or
concerns regarding this Amendment or these Remarks, the Examiner is invited to call
Applicant’s representative.

Please grant any extensions of time required to enter this response and charge any
additional required fees to our deposit account 06-0916.

Respectfully submitted,

FINNEGAN, HENDERSON, FARABOW,
GARRETT & DUNNER, L.L.P.

Dated: December 18, 2007 By; .
ary/]. Edwards
Reg. No. 41,008
(650) 849-6622
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(37 CFR1.16(K), (). or (m)) NIA NiA NiA NIA
D EXAMINATION FEE
(37 CFR 1.16(0), (p), or () N/A N/A N/A N/A
TOTALCLAMS 20 | - X - ol KX
INDEPENDENT CLAIMS ) B _ _
(37 CFR 1.16(h)) minus 3 = X$ = X$ =
If the specification and drawings exceed 100
n sheets of paper, the application size fee due
f;Pc';F'(é/:TJgN SIZE FEE is $250 ($125 for small entity) for each
( 166 additional 50 sheets or fraction thereof. See
35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).
[[] MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j))
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL TOTAL
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
= 12/18/2007 | prrer PREVIOUSLY EXTRA RATE () | Fee $) RATE ($) FEE ($)
E AMENDMENT PAID FOR
= i * 35 Minus | = 39 =0 X $25 = 0 OR | xs =
5
E 'g‘fg‘;ﬁ”ﬁfg‘}‘)) « 3 Minus | =5 =0 X $105 = 0 OR | xs =
<§E ] Application Size Fee (37 CFR 1.16(s))
|:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL TOTAL
ADD’L 0 OR  ADDL
FEE FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
AFTER PREVIOUSLY EXTRA RATE 8) | Fe (5) RATE (3) FEE (3)
— AMENDMENT PAID FOR
il B - Minus | = Xs = or [ xs =
= | paeporcent | - Minus | == - xs = or [xs =
E D Application Size Fee (37 CFR 1.16(s))
=
< | [ FiRrsT PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16() OR
TOTAL TOTAL
ADD’L OR  ADD'L
FEE FEE

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0O. Box 1450

Alexandria, Virginia 223131450

WWW.USPIO.FOY

NOTICE OF ALLOWANCE AND FEE(S) DUE

22852 - 7590 01/25/2008 | EXAMINER I
FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER ESTRADA, MICHELLE
LLP l ART UNIT PAPER NUMBER l

901 NEW YORK AVENUE, NW

WASHINGTON, DC 20001-4413 2823

DATE MAILED: 01/25/2008

APPLICATION NO. | FILING DATE l FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. I CONFIRMATION NO.

10/101,863 03/16/2002 Hongmei Zhang 10655.0016-00 6938
TITLE OF INVENTION: BIASED PULSE DC REACTIVE SPUTTERING OF OXIDE FILMS

| APPLN. TYPE | SMALL ENTITY ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE I DATE DUE

nonprovisional YES $720 $300 $0 $1020 04/25/2008

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION 1S SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED., SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current If the SMALL ENTITY is shown as NO:
SMALL ENTITY status; :

A, If the status is the same, pay the TOTAL FEE(S) DUE shown A. Pay TOTAL FEE(S) DUE shown above, or
above.

B. If the status above is to be removed, check box 5b on Part B - B. If applicant claimed SMALL ENTITY status before, or is now

Fee(s) Transmittal and pay the PUBLICATION FEE (if required) claiming SMALL ENTITY status, check box 5a on Part B - Fee(s)

and twice the amount of the ISSUE FEE shown above, or Transmittal and pay the PUBLICATION FEE (if required) and 1/2
the ISSUE FEE shown above.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

1. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3
PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010.
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Miail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
v Alexandria, Virginia 22313-1450

or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required}). Blocks 1 through 5 should be completed where
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated unless corrected below or directed otherwise in Black 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for -
maintenance fee notifications.
CURRENT CORRESPONDENCE ADDRESS (Note: Use Block | for any change of address) Note: A certilicate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal, This certificate cannot be used for any other accompanying
apers. Each additional paper, such as an assignment or formal drawing, must
Eave its own certificate of mailing or transmission.

22852 7590 01/25/2008
Certificate of Mailing or Transmission

FINNEGAN s HENDERSON, FARABOW, GARRETT & DUNNE&erebl;' certig that this Fee(fs Transmittal is being deposited with the United
¢! )

LLP States Postal Service with sufficient postage for first class mail in an envelope
addressed to the Mail Stop ISSUE FEE address above, or being facsimile
901 NEW YORK AVENUE, NW transmitted to the USPTO (371) 273-2885, on the date indicated below.
WAS}HNGTON, DC 20001 -441 3 . (Depositor's name)
(Signature)
(Date)
APPLICATION NO. I FILING DATE ] FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. I
10/101,863 03/16/2002 Hongmei Zhang 10655.0016-00 6938

TITLE OF INVENTION: BIASED PULSE DC REACTIVE SPUTTERING OF OXIDE FILMS

I APPLN. TYPE l SMALL ENTITY I ISSUE FEE DUE | PUBLICATION FEE DUE I PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional YES $720 $300 $0 $1020 04/25/2008
| EXAMINER I ART UNIT | CLASS-SUBCLASS |
ESTRADA, MICHELLE 2823 438-788000

1. Chanfe of correspondence address or indication of "Fee Address" (37 2. Far printing on the patent front page, list
CFR 1.363). (1) the names of up to 3 registered patent attorneys 1

Q Chan%c of correspondence address (or Change of Correspondence or agents OR, alternatively,

Address form PTO/SB/122) attached. (2) the name of a single firm (having as a member a 2

[ "Fee Address” indication (or "Fee Address” Indication form registered attomey or agent) and the names of up to

PTO/SB/4T; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3

Number is required. listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : O individuat O Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
) issue Fee (2 A check is enclosed. :
(1 publication Fee (No small entity discount permitted) a Payment by credit card. Form PTO-2038 is attached.
{1 Advance Order - # of Copies [ The Director is hereby authorized to charge the required feeﬁs), any deficiency, or credit an‘y
overpayment, to Deposit Account Number enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
[ PY Applicant claims SMALL ENTITY status. See 37 CFR 1.27. b, Applicant is no longer claiming SMALL ENTITY staws. See 37 CFR 1.27(gX2).

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process)

an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and

submutting the completed application form to the USPTO. Time will Vatrhy déﬂ‘?“d‘“% upon the individual case. Any comments on the amount of time you require to complete

this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.

R?x 1432, A\lquap i 3,2\3/;r 1{13232313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
exandria, Virginia - .

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0. Box 1450

Alexandria, Virginia 22313-1450

WWW.USpLo.gov

I APPLICATION NO. I FILING DATE | FIRST NAMED INVENTOR I ATTORNEY DOCKETNO. | CONFIRMATION NO. |
10/101,863 03/16/2002 Hongmei Zhang 10655.0016-00 6938
22852 7590 01/25/2008 I EXAMINER I
FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER ESTRADA, MICHELLE
LLP | ART UNIT I PAPER NUMBER I
901 NEW YORK AVENUE, NW —
WASHINGTON, DC 20001-4413 DATE MAILED: 01/25/2008

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 0 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 0 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, th¢ filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or
(571)-272-4200.

Page 3 of 3
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Application No. . Applicant(s)
. . 10/101,863 ZHANG ET AL,
Notice of Allowability Examiner Art Unit
Michelle Estrada 2823

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. IX] This communication is responsive to 12/18/07.
2. X The allowed claim(s) is/are 2-4,6-13,21-24 and 41-60.

3. [] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

a)[J At b)[J Some* c¢)[JNone ofthe:
1. [[] Certified copies of the priority documents have been received.
2. [7] Certified copies of the priority documents have been received in Application No.
3.0 Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received:
Applicant has THREE MONTHS FROM THE “MAILING DATE" of this communication to file a reply complying with the requirements

noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

4. [J A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the] oath or declaration is deficient.

5. [[] CORRECTED DRAWINGS ( as “replacement sheets™) must be submitted.
(a) [J including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [ hereto or 2) [[] to Paper No./Mail Date .
(b) [ including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. (] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner’'s comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)
1. [ Notice of References Cited (PTO-892) 5. [ Notice of Informal Patent Application
2. [ Notice of Draftperson’s Patent Drawing Review (PT0O-948) 6. [] Interview Summary (PT0O-413),
Paper No./Mail Date _ ____ .
3. [X] Information Disclosure Statements (PTQ/SB/08), 7. [[] Examiner's Amendment/Comment
Paper No./Mail Date 11/27/07
4. [J Examiner's Comment Regarding Requirement for Deposit 8. [] Examiner's Statement of Reasons for Allowance
of Biological Material )
9.Jother ___ .

MICHELLE'ESTRADA
PRIMARY EXAMINER

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-06) Notice of Allowability Part of Paper No./Mail Date 20080117
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Complete if Known

Application Number 10/101,863
MATION DISCLOSURE Filing Date March 16, 2002
$ EMENT BY APPLICANT First Named Inventor Hongmei ZHANG
g Art-Unit 2823
(Use as many sheets as necessary) Examiner Name Michelle ESTRADA
1 | of | 1 Attorney Docket Number 10655.0016-00

U.S. PATENTS AND PUBLISHED U.S. PATENT APPLICATIONS

Examiner
Initials

Document Number Issue or Name of Patentee or

Number-Kind Code? (# known)

Publication Date Applicant of Cited Document

MM-DD-YYYY

Pages, Columns, Lines, Where
Relevant Passages or Relevant
Figures Appear

US-7,262,131

08-28-2007 Narasimhan et al.

\-\i}s-

us\

US-

Us-

Us-

Us-

Us-

e

Note: Submission of copies of U.S, Patents and published U.S. Patent Applications is not required.

FOREIGN PATENT DOCUMENTS

Examiner { Cite Publication Date Name of Patentee or Pages, Columns, Lines, | Transtation®

(nitials No.' Foreign Patent Document MM-DD-YYYY Applicant of Cited Document | Where Relevant Passages

: or Relevant Figures
Country Code® Number* Kind Code® (# known) Appear
e
NONPATENT LITERATURE DOCUMENTS

Examiner { Cite Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item | Translation®

Initials No.! (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s),

publisher, city and/or country where published.

v/2

Amendment/RCE filed October 31, 2007, in U.S. Application No. 11/100,856 (Attorney Docket No.
9140.0015-01).

Amendment/RCE filed October 24, 2007, in U.S. Application No. 10/954,182 (Attorey Docket No.
9140.0016-01).

Office Action dated November 15, 2007, in U.S. Application No. 10/954,182 (Attorney Docket No.
9140.0016-01).

]
L
N/

Final Office Action dated October 10, 2007, in U.S. Application No. 10/650,461 (Attorney Docket No.
9140.0025-00).

V/i%

Amendment/RCE filed October 31, 2007, in U.S. Application No. 10/650,461 (Attorey Docket No.

9140.0025-00).

|

Examiner
Signature C

Date
Considered

1[17/D8
7

Al DBad

EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through
citation if not in conformance and not considered. Include copy of this form with next communication to applicant,

XPRESS MAIL LABEL NO.
EM 074696455 US
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Bib Data Sheet
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CONFIRMATION NO. 6938

Page 1 of 2

S .
UNITED STATES DEPARTMENT OF COMMERCE
Unitod States Patont and Tradamark Office

Address: coxg@wﬁ%om FOR PATENTS

Virginia 22313- 1430

FILING DATE -
SERIAL NUMBER 03/16/2002 CLASS GROUP ART UNIT ATTORNEY
10/101,863 43 2823 DOCKET NO.
: 8 M-12245 US
RULE

APPLICANTS

Hongmei Zhéng, San Jose, CA;

Mukundan Narasimhan, San Jose, CA;
Ravi B. Mullapudi, San Jose, CA;Richard E. Demaray, Portola Valley, CA;

++ CONTINUING DATA L e R T T AW

“* FOREIGN APPLICATIONS ***#sestsrasaeseus
IF REQUIRED, FOREIGN FILING LICENSE GRANTED ** SMALL ENTITY **
** 05/17/2002 /

Foreign Priority claimed D yes Mo STATE OR SHEETS

met”
\Verified and

COUNTRY | DRAWING
IAcknowledged ’

CA 27

TOTAL [INDEPENDENT]

CLAIMS CLAIMS
a7 |4 8 2

IADDRESS

22852

FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER
LLP .

901 NEW YORK AVENUE, NW

WASHINGTON , DC

20001-4413

TITLE '
Biased pulse DC reactive sputtering of oxide films '
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Application/Control No. Applicant(s)/Patent Under
Reexamination

Index of Claims 10101863 | ZHANG ET AL.

v Rejected - Cancelled N | Non-Elected A Appeal
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Estrada, Michelle 2823
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Application/Control No. Applicant(s)/Patent Under
- Reexamination
Index of Claims 10101863 ZHANG ET AL.
T e
Estrada, Michelle 2823
v Rejected - Cancelled N | Non-Elected A Appeal
= Allowed + Restricted | | Interference o Objected
[0 Ciaims renumbered in the same order as presented by applicant 1 cpa 0 T.D. 0O R.1.47
CLAIM . DATE
Final Original | 04/30/2007 | 11/11/2007 | 01/17/2008
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39 - - -
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16 41 v v =
17 42 v v =
18 43 v v =
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Issue Classification

Application/Control No.
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Sir:

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT
UNDER 37 C.F.R. § 1.97(d)

Pursuant to 37 C.F.R. §§ 1.56 and 1.97(d), Applicants brings to the attention of the
Examiner the documents -on the attached listing. This Supplemental Information Disclosure
Statement is being filed after a Notice of Allowance but before payment of the issue fee and the
Commissioner is authorized to charge the fee of $180.00 to Deposit Account No. 06-0916, as
specified under § 1.17(p) and a statement as specified under § 1.97(e).

Based on reasonable inquiry, no document listed in this Supplemental Information
Disclosure Statement was cited in a communication from a foreign patent office in a counterpart
foreign application, and no document listed in this Supplemental Information Disclosure
Statement was known to any individual designated in 37 C.F.R. § 1.56(c) more than three

months prior to the filing date of this Supplemental Information Disclosure Statement,
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Copies of the listed non-patent literature documents are attached. Applicants respectfully
request that the Examiner consider the listed documents and indicate that t'hcy were considered
by making appropriate notations on the attached form.

This submission does not represent that a search has been made or that no better art exists
and does not constitute an admission that each or all of the listed documents are material or
constitute "prior art." If the Examiner applies any of the documents as prior art against any
claims in the application and Applicants determine that the cited documents do not constitute
"prior art” under United States law, Applicants reserve the right to present to the office the
relevant facts and law régarding the appropriate status of such documents.

Applicants further reserve the right to take appropriate action to establish the patentabiliiy
of the disclosed invention over the listed documents, should one or more of the documents be
applied against the claims of the present application.

If there is any additional fee due in connection with the filing of this Statement, please
charge the fee to Deposit Account 06-0916.

Respectfully submitted,

FINNEGAN, HENDERSON, FARABOW,
GARRETT & BHUNNER, L.L.P.

Dated: February 13, 2008 By:
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

ZHANG, Hongmei et al. Group Art Unit: 2823
Filed: March 16, 2002

For: BIASED PULSE DC REACTIVE
SPUTTERING OF OXIDE FILMS
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Application No.: 10/101,863 ) Examiner: ESTRADA, Michelle

)
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) Confirmation No.: 6938
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MAIL STOP AMENDMENT
Commissioner for Patents

- P.O. Box 1450

! - Alexandria, VA 22313-1450

Sir:

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT
UNDER 37 C.F.R. §1.97(b)

Purshant to 37 C.F.R. §§ 1.56 and 1.97(b), applicants bring to the attention of the
Examiner the documents on the attached listing. This Information Disclosure Statement is being
filed before the mailing date of a first Office Action after the filing of a Request for Continued
| Examination iI\l the above-referenced application. Applicants respectfully request that the
Examiner cons:ider the listed documents and indicate that they were considered by making

appropriate notations on the attached form.

\\ v Based on reasonable inquiry, no document listed in this Information Disclosure Statement
was cited in a communication from a foreign patent office in a counterpart foreign application,

and no document listed in this Information Disclosure Statement was known to any individual
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designated in 37 C.F.R. § 1.56(c) more than three months prior to the filing date of this
Information Disclosure Statement.

Copies of the listed foreign patents and non-patent literature documents are attached.
Copies of the U.S. patents and patent publications are not enclosed.

Applicants respectfully request that the Examiner consider the listed documents and
indicate that they were considered by making appropriate notations on the attached form.

This submission does not represent that a search has been made or that no better art exists
and does not constitute an admission that each or all of the listed documents are material or
constitute "prior art." If the Examiner applies any of the documents as prior art against any
claims in the application and applicants determine that the cited documents do not constitute
"prior art" under United States law, applicant reserves the right to present to the office the
relevant facts and law regarding the appropriate status of such documents.

Applicants further reserve the right to take appropriate action to establish the patentability
of the disclosed invention over the listed documents, should one or more of the documents be
applied against the claims of the present application.

If there is any fee due in connection with the filing of this Statement, please charge the
fee to our Deposit Account No. 06-0916.

Respectfully submitted,

FINNEGAN, HENDERSON, FARABOW,
GARRETT & DUNNER, L.L.P.

Dated: July 28, 2005 By: .
. Edwards
Reg. No. 41,008
EXPRESS MAIL LABEL NO.
EV 727733065 US
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** 05/17/2002
Foreign Priority claimed (| yes (I IO
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\Verified and
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U Al Fees

FILING FEE |FEES: Authority has been given in Paper
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APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
10/101,863 03/16/2002 Hongmei Zhang 10655.0016-00 6938
22852 7590 03/13/2008 | EXAMINER |
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Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

PTOL-90A (Rev. 04/07)
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CONTROL NO. PATENT IN REEXAMINATION
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WASHINGTON, DC 20001-4413
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Michelle Estrada
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20080304

DATE MAILED:

Please find below and/or attached an Office communication concerning this application or

proceeding.

Attached is the IDS filed 2/13/08 that have been considered.

PTO-90C (Rev.04-03)
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EFS-Wab. Receipt date: 02/13/2008 10101863 - GAU: 2823

B/08: Substitute for form 1449A/PTO Complete if Known
Application Number 10/101,863
RMATION DISCLOSURE Filing Date March 16, 2002
ATEMENT BY APPLICANT First N?med Inventor Hongmei ZHANG
74 Art Unit 2823
(Use as many sheets as necessary) Examiner Name Michelle ESTRADA
| 1 | of | 1 Attorney Docket Number | 10655.0016-00

U.S. PATENTS AND PUBLISHED U.S. PATENT APPLICATIONS

Examiner | Cite Document Number Issue or Name of Patentee or Pages, Columns, Lines, Where
Initials No." ] 2 . Publication Date Applicant of Cited-Document Relevant Passages or Relevant
Number-Kind Code” (i known) MM-DD-YYYY Figures Appear
us-

Note: Submission of copies of U.S. Patents and published U.S. Patent Applications is not required.

FOREIGN PATENT DOCUMENTS

Examiner | Cite Publication Date Name of Patentee or Pages, Columns, Lines, | Translation®
Initials No. Foreign Patent Document MM-DD-YYYY Applicant of Cited Document | Where Relevant Passages
or Relevant Figures

Country Code® Number® Kind Code® (i known) Appear

NONPATENT LITERATURE DOCUMENTS

Examiner | Cite Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item | Translation®

Initials’ No.' (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s),
publisher, city and/or country where published.

Response to Office Action dated November 21, 2007, in U.S. Appl. No. 10/291,179 (Attorney Docket No.

9140.0001-00).

Response to Office Action dated December 5, 2007, in U.S. Application No. 09/903,081 (Attorney Docket

No. 9140.0014-00).

Final Office Action dated January 29, 2008, in U.S. Application No. 09/903,081 (Attorney Docket No.

9140.0014-00).

Office Action dated January 25, 2008, in U.S. Application No. 11/100,856 (Attorney Docket No. 9140.0015-

01).

Response to Office Action dated December 18, 2007, in U.S. Application No. 10/954,182 (Attomey Docket

No. 9140.0016-01).

Notice of Allowance dated February 1, 2008, in U.S. Application No. 10/954,182 (Attorney Docket No.

9140.0016-01).
Office Action dated November 16, 2007, in U.S. Application No. 10/650,461 (Attorney Docket No.
10655.0025-00).
Examiner /Michelle Estrada/ Date 04/
Signature Considered 03/04/2008

EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

XPRESS MAIL LABEL NO.
EM 074697411 US

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /ME/
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ﬁ‘ 7556 Warm PTO/SB/08: Substitute for form 1449A/PTO Complete if Known
3 %ﬁa Applicatian Number 10/650,461
INFORMATION DISCLOSURE Flling Date August 27, 2003
S L First Namad Inventor DAWES, David
ot} A} B ATEMENT BY APPLICANT I 583
. # (Use as many sheels as necessary) Examiner Name DUPUIS, Derek L.
| 1 | of 1 1 Attornsy Docket Number 10655.0025-00

U.S. PATENTS AND PUBLISHED U.S. PATENT APPLICATIONS

Examiner { Cite Document Number Issue or Name of Patentee or Pages, Columns, Lines, Where
tntiats | No.’ 2 . Publication Date Appiicant of Cited Document Retevant Passages or Relevant
Number-Kind Code” (7 known) MM-DD-YYYY Figures Appear

Note: Subinisslon of copies of U.S. Patents and published U.S. Patent Applications is not required.

FOREIGN PATENT DOCUMENTS
Examiner { Cite Publication Date Namo of Patentee or Pages, Columns, Lines, | Translation®
Initiats’” | No.' Forelgn Patent Document MM-DD-YYYY | Applicant of Cited Document | Where Relevant Passages
or Relevant Rigures

Country Code® Number® Kind Code® (# known) Appear

NON PATENT LITERATURE DOCUMENTS

Examiner | Cite Include name of the author (In CAPITAL LETTERS), titte of the article (when appropriate), title of the item | Transtation®
Initials No.’ (book, magazine, joumal, serial, symposium, catalog, etc.), date, page(s), volume-Issue number(s),
publisher, city and/or country where published.
DLD/ Amendment/RCE filed August 9, 2007, in U.S. Application No. 09/803,081 (Attomey Docket No. 8140.0014-
00).
Office Action dated September 5, 2007, in U.S. Application No. 08/803,081 (Attomey Docket No.
IDLD/ 140.0014-00). '
IDLD/ Final Office Action dated September 7, 2007, in U.S. Application No. 11/100,856 (Attomey Docket No.
9140.0015-01).
IDLD/ Response to Final Office Action filed October 2, 2007, in U.S. Appfication No. 10/101,863 (Attomey Docket
No. 9140.0016-00).
IDLD/ Final Office Action dated July 24, 2007, in U.S. Application No. 10/854,182 (Attomey Docket No.
9140.0016-01).
Bamner | Derek Dupuis/ A o idered 11/12/2007

EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

EXPRESS MAIL LABEL NO.
EM 100825650 US

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROQUGH. /ME/
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PART B - FEE(S) TRANSMITTAL

Complete and send thign wgeMher with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents

P.O. Box 1450

Alexandria, Virginia 22313-1450

or Fax (571)-273-2885
ansmitting the ISSUE FEE and PUBLICATION FEE (if requiredL. Blocks 1 through 5 should be ¢ompleted where

&
th.e Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
erwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for

appropriate. All further corréQgh
indicated unless corrected belowSiRlisag
maintenance fee notifications.
CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of addresy) Note: A certificate of mailing can only be used for domestic mailings of the
. Fee(s) Transmittal. This certificate cannot be used for any other accompanying
gaperg. Each additional paper, such as an assignment or formal drawing, must

ave its own certificate of mailing or transmission.

s

22852 7% 0172572008 CERTIFICATE OF EXPRESS MAILING
FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER , , _ o _
LLP [ hereby certify that this correspondence is being deposited with the United States
Postal Service’s “Express Mail Post Office to Addressee” service under 37 CFR §
%ASNE}{I‘%(‘;T%%\IK Sg};%’m . 1.10, in an envelope addressed to: Mail Stop Issue Fee, Commissioner for Patents
, - P.O. Box 1450, Alexandria, VA 22313-1450 on March 12, 2008
03/14/2008 RHEBRAH1 00000018 060916 10101863 Express Mail W
01 FC:2501 720.00 DA Signed: -
02 FC:1504 300,00 DA . Annie Wong v
APPLICATION NO. | FILING DATE ] FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. | CONFIRMATION NO. |
10/101,863 03/16/2002 Hongmei Zhang 10655.0016-00 6938

TITLE OF INVENTION: BIASED PULSE DC REACTIVE SPUTTERING OF OXIDE FILMS

| APPLN. TYPE SMALL ENTITY 1 {SSUE FEE DUE l PUBLICATION FEE DUE l PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE l DATE DUE
nonprovisional YES $720 $300 $0 $1020 04/25/2008
I EXAMINER I ART UNIT l CLASS-SUBCLASS I
ESTRADA, MICHELLE 2823 438-788000 .

1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list .
.3363). P ¢ printing P pag ; Finnegan, Henderson,

CFR1 (1) the names of up to 3 registered patent attorneys
() Change of correspondence address (or Change of Correspondence or agents OR, alternatively, Farabow. Carrett &
Address form PTO/SB/122) attached. (2) the name of a single firm (having as a membera 2 2
() "Fee Address” indication (or "Fee Address” Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If nonameis 3 Dunner, L.L.P.
Number is required. listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
SpringWorks, LLC Minnetonka, Minnesota

Please check the appropnate assignee category of categories (will not be printed on the patent) : () Individual Corporation or other private group entity 3 Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
& 1ssue Fee () A check is enclosed.
Publication Fee (No small entity discount permitted) Qa Payment by credit card. Form PTO-2038 is attached. and
() Advance Order - # of Copies & The Director is hereby authorized to charge redgrfg fee?s), any deficiency, ereredit any
overpayment, 1o Deposit Account Number — enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
Q. Applicam claims SMALL ENTITY status. See 37 CFR 1.27. b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered atiorney or agent; or the assignee or other party in
interest as shown by the records of the United States Pajent and Trademark Office.

Aumoﬁudsi@ameM » Date March 12, 2008
Gary J. Edwards 41,008

Typed or printed name Registration No.

This collection of information is required by 37 CFR 1.311. The information is retilqired to obtain or retain a benefit by the public which is to file (and by the USPTO to process)

an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, prepanng, and

submutting the completed applicauon form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you reguire to complete

this form and/or suggestions for reducing this burden, should be sent w the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.

2?)( 1432, A\I’qxandﬁ_ i 3,23'1 ‘l ‘;g 3.2313-1450. DO NOT SEND FEES OR COMFPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
exandria, Virginia - .

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB contro) number.

PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010, OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address; COMMISSIONER FOR PATENTS

P.0O. Box 1450
Alexandria, Virginia 22313-1450
WWW.USPLo.gov
APPLICATION NO. l FILING DATE I FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. | CONFIRMATION NO. I
10/101,863 03/16/2002 Hongmei Zhang 10655.0016-00 6938
22852 7590 03/18/2008 I EXAMINER I
FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER
LLP ESTRADA, MICHELLE
901 NEW YORK AVENUE, NW
WASHINGTON, DC 20001-4413 | ART UNIT | eapernumper |
2823
| MAIL DATE I DELIVERY MODE I
03/18/2008 PAPER

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

PTOL-90A (Rev. 04/07)
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UNITED STATES DEPARTMENT OF COMMERCE

U.S. Patent and Trademark Office
Address : COMMISSIONER FOR PATENTS

Alexandria, Virginia 22313-1450

APPLICATION NO./ FILING DATE FIRST NAMED INVENTOR / ATTORNEY DOCKET NO,
CONTROL NO. PATENT IN REEXAMINATION
10101863 3/16/02 ZHANG ET AL. 10655.0016-00

FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER

LLP

901 NEW YORK AVENUE, NW
WASHINGTON, DC 20001-4413

EXAMINER

Michelle Estrada

ART UNIT

PAPER

2823

20080221

DATE MAILED:

Please find below and/or attached an Office communication concerning this application or

proceeding.

Attached are the IDS filed 12/7/04, 7/28/05 and 7/13/06 that have been considered.

PTO-90C (Rev.04-03)
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IDS Form PTO/SB/08: Substitute for form 1449A/PT Complete if Known
* [ ABplication Number 10/101,863
INFORMATION DISCLOSYRE ‘*f",gNDatid — March (;68-12;02
; irst Named Inventor ZHAN .
STATEMENT BY APPLICA Fics N 2
(Use as many sheets as necessary) Exarmingr Name Michelle ESTRADA
Sheet | 1 ] of ] 2 Attomey Docket Number 09140-0016-00000

U.S. PATENTS AND PUBLISHED U.S. PATENT APPLICATIONS

Examiner | Cite Document Number Issue or Name of Patentee or Pages, Columns, Lines, Where
Initials No.' i 2 Publication Date Applicant of Cited Document Relevant Passages or Relevant
Number-Kind Code” (7 known) MM-DD-YYYY Figures Appear

US 2002/0033330 Al | Mar. 21,2002 | Demaray etal.
US 2002/0134671 Al Jul. 17, 2003 Demaray et al.
US 2003/0063883 A1 | Ar. 3, 2003 Demaray et al.
US 2003/0127319 A1 | Ju!- 10. 2003 Demaray et al.
US 2003/0134054 A1 | Jul-17.2003 | Demaray etal.
US 2003/0173207 Al Sep. 18, 2003 Zhang et al.

US 2003/0173208 Al Sep. 18, 2003 Pan et al.

US 2003/0174391 Al Sep. 18, 2003 Pan et al.

US 2003/0175142 Al Sep. 18, 2003 Milonopoulou et al.
US 2004/0105644 Al Jun, 3, 2004 Dawes

US 6,506,289 Jan. 14, 2003 Demaray et al.
US 6,533,907 Mar, 18, 2003 Demaray et al.
US 6,827,826 Dec. 7, 2004 Demaray et al.

Note: Copies of the U.S. Patent Documents are not Required in IDS filed after October 21, 2004

FOREIGN PATENT DOCUMENTS

Examiner  Cite Publication Date Name of Patentee or Pages, Columns, Lines, | Translation®
Initials No.! ) Foreign Patant Document MM-DD-YYYY Applicant of Cited Document | Where Relevant Passages .
7 or Relevant Figures
Country Code® Number® Kind Code® (if known) Appear

WO 2004/021532 Al Mar. 11, 2004 | Symmorphix, Inc.

WO 2004/077519 A2 Sep. 10, 2004 |Narasimhan et al.
Examiner H Date
Signalure IMichelle Estrada/ Considered 03/11/2008

EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /ME/
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EFS-Web Receipt date: 12/07/2M 10101863 - GAU: 2823

DS Form PTO/SBI0B: Substitute for form 1449AP10 g1 T g Complete if Known
o, w® Adplication Number 10/101,863
INFORMATION DISCLOSYRE F{IianDafed’ t '::Arc: (;6-t2?02
1rst Named Invenior etal.
STATEMENT BY APPLIC A Uni 5823
{Use as many sheels as necessary) Examiner Name Michelle ESTRADA
Sheet | 2 | of ] 2 Attomey Docket Number | 09140-0016-00000

NON PATENT LITERATURE DOCUMENTS

Examiner | Cite Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item | Translation®
Initials No.' (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s),
publisher, city and/or country where published.

Office Action issued on September 27, 2004 in U.S. Serial No. 10/291,179 ~
(Attorney Docket No. 09140-0001-00).

Office Action issued on November 28, 2001 in U.S. Patent No. 6,506 289
(Attorney Docket No. 09140-0002-01)

Office Action issued on April 17,2002 in U.S. Patent No. 6 506,289

(Attorney Docket No. 09140-0002-01).

Quayle Action issued on November 10, 2003 in U.S. Patent No. 6,827,826
(Attorney Docket No. 09140-0002-02).

Office Action issued on May 2, 2002 in U.S. Patent No. 6,533,907

(Attorney Docket No. 09140-0004-00).

Office Action issued on February 12, 2004 in U.S. Serial No. 09/903,081
(Attorney Docket No. 09140-0014-00).

Office Action issued on September 10, 2004 in U.S. Serial No. 09/903,081
(Attorney Docket No. 09140-0014-00). .
Office Action issued on September 3, 2003 in U.S. Serial No. 10/101,492
(Attorney Docket No. 09140-0015-00).

Office Action issued on October 22, 2003 in U.S. Serial No. 10/101,341
(Attorney Docket No. 09140-0017-00).

Office Action issued on June 10, 2004 in U.S. Serial No. 10/101,341

(Attorney Docket No. 09140-0017-00).

Office Action issued on May 4, 2004 in U.S. Serial No. 10/101,493

(Attorney Docket No. 09140-0021-00).

International Search Report issued on November 21, 2003 in PCT/US03/24809
(Attorney Docket No. 09140-0025-00).

International Search Report issued on October 11, 2004 in PCT/US2004/005531
(Attorney Docket No. 09140-0030-00)

Written Opinion issued on October 11, 2004 in PCT. /USZOO4/005531

(Attorney Docket No. 09140-0030- 00)

Patent Application No. 10/851,542 for ENERGY CONVERSION AND STORAGE DEVICES
BY PHYSICAL VAPOR DEPOSITION OF TITANIUM AND TITANIUM OXIDES AND
SUB-OXIDES filed on May 20, 2004.

(Attorney Docket No. 09140-0033-00)

Patent Application No. 10/850,968 for TRANSPARENT CONDUCTIVE OXIDES FROM A
METALLIC TARGET filed on May 20, 2004.

(Attorney Docket No. 09140-0034-00)

- TWichelle Estradal [ Date 03/11/2008

Signature Consldered

EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /ME/
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IDS Form PTO/SBI0B: Substitute for form 14A/r§TﬁL 18 yis] "; __ Complete if Known
2f | Application Number 10/101,863
INFORMATION DISCEQSURE $ Filng balo_—__ Mareh 15, 2002 _
STATEMENT BY APPLYEAH T W—
(Use as many sheets as necessary) Examiner Nama ESTRADA, Michelle
Sheet | 1 [ of | 9 Attomey Docket Number | 9140.0016-00
U.S. PATENTS AND PUBLISHED U.S. PATENT APPLICATIONS

‘Examiner | Cite Document Number Issue or Name of Patentee or Pages, Columns, Lines, Where
Initials No.! Number-Kind Code? (@ know) P&ziggme Applicant of Cited Docu-menl Rele.-van:ri I;zies:g:;; p‘;a erelevant

US 2005/0006768 A1 01-13-2005 | Narasimhan et al.

US 2005/0000794 A1 01-06-2005 |Demaray et al.

US 2004/0259305 A1 12-23-2004 | Demaray et al.

US 2004/0105644 A1 06-03-2004 | Dawes

US 2003/0174391 A1 09-18-2003 |Panetal.

US 2003/0141186 A1 07-31-2003 |Wang et al.

US 2003/0127319 A1 06-10-2003 | Demaray et al.

US 2003/0097858 A1 05-29-2003 | Strohhofer et al.

US 2002/0170821 A1 11-21-2002 | Sandlin et al.

US 2001/041460 A1 11-15-2001 | Wiggins

US 2001/0027159 A1 10-04-2001 Kaneyoshi

US 6,750,156 B2 06-15-2004 |Leetal.

US 6,576,546 B2 06-10,-2003 | Gilbert et al.

US 6,444,750 B1 09-03-2002 | Touhsaent

US 6,433,380 B2 08-13-2002 | Shin

US 6,423,776 B1 07-23-2002 | Akkapeddi et al.

US 6,416,598 B1 07-09-2002 | Sircar

US 6,413,645 B1 07-02-2002 | Graff et al.

US 6,365,319 B1 04-02-2002 | Heath et al.

US 6,302,939 B1 10-16-2001 Rabin et al.

US 6,300,215 B1 10-09-2001 Shin

US 6,261,917 B1 07-17-2001 Quek et al.

US 6,248,640 B1 06-19-2001 Nam

US 6,232,242 05-15-2001 Hata et al.

US 6,214,660 B1 04-10-2001 Uemoto et al.

US 6,210,544 B1 04-03-2001 Sasaki

US 6,204,111 B1 03-20-2001 | Uemoto et al.

US 6,198,217 B1 03-06-2001 Suzuki et al.

US 6,197,167 B1 03-06-2001 | Tanaka

US 6,165,566 12-26-2000 | Tropsha
Sigrare Michelle Estradal Conidered 02/21/2008

EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /ME/

Page 1509 of 1542




pr——

'EFSA\Meh Receipt date: 07/28/2005 10101863 - GALL 2823

IDS Form PTO/SB/08: Substitute for form 1449A/PTO Complete if Known
Application Number 10/101,863
INFORMATION DISCLOSURE Filing Date March 16, 2002
STATEMENT BY APPLICANT A Namod invonter ZIPND: Hongme:
(Use as many sheels as necessary) Examiner Name ESTRADA, Michelle
Sheet | 2 | of | 9 Attomey Dockef Number | 9140.0016-00
U.S. PATENTS AND PUBLISHED U.S. PATENT APPLICATIONS
US 6,157,765 12-05-2000 | Bruce et al.
US 6,146,225 11-14-2000 | Sheats et al.
US 6,106,933 08-22-2000 | Nagai et al.
US 6,080,643 06-27-2000 | Noguchi et al.
US 6,077,642 06-20-2000 |Qgata et al.
US 6,071,323 06-06-2000 | Kawaguchi
US 6,058,233 05-02-2000 | Dragone
US 6,052,397 04-18-2000 |Jeon et al.
US 6,051,296 04-18-2000 | McCaulley et al.
US 6,046,081 04-04-2000 {Kuo
US 6,004,660 12-21-1999 | Topolski et al.
US 5,966,491 10-12-1999 | DiGiovanni
US 5,952,778 09-14-1999 | Haskal et al.
US 5,930,584 07-27-1999 | Sun et al.
US 5,900,057 05-04-1999 | Buchal et al.
US 5,882,946 03-16-1999 | Otani
US 5,870,273 02-09-1999 | Sogabe et al.
US 6,853,830 12-29-1998 | McCaulley et al.
US 5,831,262 11-03-1998 | Greywall et al.
Us 5,811,177 09-22-1998 | Shi et al.
Us 5,771,562 06-30-1998 Harvey, |l et al.
US 5,762,768 06-09-1998 | Goyetal.
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US 5,597,660 01-28-1997 Bates et al.
US 5,612,152 03-18-1997 Bates
US 6,168,884 B1 01-02-2001 Neudecker et al.
US 6,236,793 B1 05-22-2001 Lawrence et al.
US 6,242,132 Bl 06-05-2001 Neudecker et al.
US 6,365,300 BI 04-02-2002 Ota et al.
US 6,760,520 B1 07-06-2004 | Medin et al.
US 6,818,356 Bl 11-16-2004 Bates
US 2001/0031122 Al 10-18-2001 Lackritz et al.
US 2003/0185266 Al 10-02-2003 Henrichs
US 2006/0134522 Al 06-22-2006 | Zhang et al.

Note: Submission of copies of U.S. Patents and published U.S. Patent Applications is not required.

FOREIGN PATENT DOCUMENTS
Examiner | Cie Publication Date Name of Patentee or Pages, Columns, Lines, Translation®
Initials” No.! Forcign Patent Document MM-DD-YYYY Applicant of Cited Document Where Relevant Passages or
Relevant Figures Appear

Country Code’ Number* Kind Code® (if known)

Promi /Michelle Estrada/ ot pered 02/21/2008

EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not
in conformance and not considered. Include copy of this form with next communication to applicant.

EXPRESS MAIL LABEL NO.
EV 860818417 US

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /ME/
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'EFS-Web Receipt date: 07/13/2006 10101863 - GAU: 2823

’ 1DS Form PTO/SB/03: Substitute for form 1449A/PTO Complete if Known
Application Number 10/101,863
INFORMATION DISCLOSURE ﬁ "’""iv D"‘; - ;‘mg‘:‘m
) - - . -
STATEMENT BY APPLICANT T R
(Use ;ﬁzgﬂr sary) Examiner Name ESTRADA, Michelle
Shet | /2 | Dof | 2 Attomey Docket Number 9140.0016-00

1 L 1300 g 5)

\ NON PATENT LITERATURE DOCUMENTS

Bamingr Cite In¢ the author (in CAPITAL LETTERS), title of the anticle (when appropriate), title of the item (book, Translation®
Initials No.! magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or
country where published.

COCORULLO, G. et al., "Amorphous silicon waveguides and light modulators for integrated
photonics realized by low-temperature plasma-enhanced chemical-vapor deposition," Optics
Lett. 21(24):2002-2004 (1996).

Notice of Allowance mailed August 6, 2002, for US Patent No. 6,506,289 (Atty. Docket No.
09140.0002-01).

Final Office Action mailed June 9, 2006 in U.S. Appl. No. 11/100,856 (Atty. Docket No.
09140.0015-01).

Office Action issued on March 23, 2006, in U.S. Apphcauon No. 10/650 461 (Atty. Docket
No. 09140-0025-00).

Specification as filed September 2, 2005, for U.S. Appl. No. 11/218,652 (Atty. Docket No.
09140.0052-00000).

Examiner MMichelle Estradal Da 02/21/2008

Signature Considered

EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not
in conformance and not considered. Include copy of this form with next communication to applicant.

EXPRESS MAIL LABEL NO.
EV 860818417 US

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /ME/
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWw.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
10/101,863 05/27/2008 7378356 10655.0016-00 6938
22852 7590 05/07/2008
FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER
LLP

901 NEW YORK AVENUE, NW
WASHINGTON, DC 20001-4413

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is O day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Customer Service Center of the Office of Patent Publication at
(571)-272-4200.

APPLICANT(S) (Please see PAIR WEB site http:/pair.uspto.gov for additional applicants):
Hongmei Zhang, San Jose, CA;
Mukundan Narasimhan, San Jose, CA;

Ravi B. Mullapudi, San Jose, CA;
Richard E. Demaray, Portola Valley, CA;

IR103 (Rev. 11/05)
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PATENT
Customer No. 22,852
Attorney Docket No. 10655.0016-00

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re U.S. Patent No.: 7,378,356
Inventors: Hongmei ZHANG et al.
Issue Date.: May 27, 2008

For:  BIASED PULSE DC REACTIVE
SPUTTERING OF OXIDE FILMS

N’ N N N N N N N

COMMISSIONER FOR PATENTS
OFFICE OF PATENT PUBLICATION
ATTN: Certificate of Correction Branch
P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

REQUEST FOR CERTIFICATE OF CORRECTION

Pursuant to 35 U.S.C. § 254, and 37 C.F.R. §§ 1.322 and 1.323, this is a request for a
Certificate of Correction in the above-identified patent. The mistake identified by a (*) below
occurred through the fault of the U.S. Patent and Trademark Office, as clearly disclosed by the
records of the application which matured into this patent. The mistakes identified by a (**)
below are of a clerical or typographical nature, and resulted from errors made in good faith by
the patentee. The Commissioner is hereby authorized to charge the fee of $100.00 to Deposit

Account No. 06-0916 as set forth in 37 C.E.R. § 1.20(a).

™ On the title page, item 57, Abstract, penultimate line, insert “using” before --
processes --.

(**)  In claim 29, col. 24, line 43, “intermetllic” should read -- intermetallic --.

(**)  Inclaim 33, col. 24, line 52, “claims” should read -- claim --.
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U.S. Patent No. 7,378,356
Attorney Docket No. 10655.0016-00

The complete Certificate of Correction involves one (1) page. Issuance of a Certificate of

Correction containing the correction is earnestly requested.

Please charge any required fees not included herewith to Deposit Account 06-0916.

Dated: June 16, 2008

Page 1522 of 1542

Respectfully submitted,

FINNEGAN, HENDERSON, FARABOW,
GARRETT & DUNNER, L.L.P.

By:

Gary J.lEdwards
Reg. No. 41,008
(650) 849-6622




UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. 7,378,356 Page 1 of 1
APPLICATION NO.: 10/101,863

ISSUE DATE: May 27, 2008

INVENTOR(S): Hongmei ZHANG et al.

It is hereby certified that an error or errors appear in the above-identified patent and
that said Letters Patent is hereby corrected as shown below:

On the title page, item (57), Abstract, penultimate line, insert “using” before -- processes --.
In claim 29, col. 24, line 43, “intermetllic” should read -- intermetallic --.

In claim 33, column 24, line 52, "‘claims” should read -- claim --.

MAILING ADDRESS OF SENDER

Finnegan, Henderson, Farabow,
Garrett & Dunner, L.L.P.

901 New York Avenue, N.W.
Washington, D.C. 20001-4413
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Electronic Patent Application Fee Transmittal

Application Number: 10101863

Filing Date: 16-Mar-2002

Title of Invention: BIASED PULSE DC REACTIVE SPUTTERING OF OXIDE FILMS
First Named Inventor/Applicant Name: Hongmei Zhang

Filer: Gary James Edwards/Annie Wong

Attorney Docket Number: 10655.0016-00

Filed as Large Entity

Utility Filing Fees

Description Fee Code Quantity Amount SuB-STS(t;)I in

Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:

Certificate of correction 1811 1 100 100

Extension-of-Time:
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Description

Fee Code

Quantity

Amount

Sub-Total in
UsSD($)

Miscellaneous:

Total in USD ($)

100
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Electronic Acknowledgement Receipt

EFS ID: 3465573
Application Number: 10101863
International Application Number:
Confirmation Number: 6938

Title of Invention:

BIASED PULSE DC REACTIVE SPUTTERING OF OXIDE FILMS

First Named Inventor/Applicant Name:

Hongmei Zhang

Customer Number:

22852

Filer:

Gary James Edwards/Annie Wong

Filer Authorized By:

Gary James Edwards

Attorney Docket Number:

10655.0016-00

Receipt Date: 16-JUN-2008
Filing Date: 16-MAR-2002
Time Stamp: 20:19:55

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type Deposit Account
Payment was successfully received in RAM $100

RAM confirmation Number 4243

Deposit Account 060916

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)
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File Listing:

Document - . File Size(Bytes) Multi Pages
File Nam d . .
Number Document Description e Name /Message Digest| Part/.zip| (if appl.)
Request_Certificate_of Corr 37673
1 Request for Certificate of Correction | ection_16Jun2008_7378356. no 3
pdf 477a39878979d8d49754cc7405e1e01
6cc76b2c3
Warnings:
Information:
8158
2 Fee Worksheet (PTO-06) fee-info.pdf no 2
273e0dee7e5c5ea8dcd06796791699d9
0Oc2c1151
Warnings:
Information:
Total Files Size (in bytes): 45831

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt
similar to a Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see
37 CFR 1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date
shown on this Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions
of 35 U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the
application as a national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt,
in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary
components for an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the
International Application Number and of the International Filing Date (Form PCT/RO/105) will be issued in due
course, subject to prescriptions concerning national security, and the date shown on this Acknowledgement
Receipt will establish the international filing date of the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. 17,378,356 B2 Page 1 of 1
APPLICATION NO. : 10/101863 ’
DATED : May 27, 2008

INVENTOR(S) : Hongmei Zhang et al.

Itis certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:

On the title page, item (57), Abstract, penultimate line or 9, insert -- using -- before
“processes”.

In claim 29, col. 24, line 43, “intermetllic” should read -- intermetallic --.

In claim 33, column 24, line 52, “claims” should read -- claim --.

Signed and Sealed this

Fifth Day of August, 2008

o WD)l

JON W. DUDAS
Director of the United States Patent and Trademark Office

Page 1528 of 1542



PATENT
Attorney Docket No. 10655.0016-00000

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Application of:
Hongmei ZHANG et al. Group Art Unit: 2823
Application No.: 10/101,863 Examiner: Michelle ESTRADA
Filed: March 16, 2002

For:  BIASED PULSE DC REACTIVE
SPUTTERING OF OXIDE FILMS

Confirmation No.: 6938

R N N

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Sir:

REQUEST FOR WITHDRAWAL AS ATTORNEY OR AGENT AND
CHANGE OF CORRESPONDENCE ADDRESS

| hereby apply to withdraw myself and the practitioners associated with Customer
Number 22,852 as attorney or agent for the above-identified patent application.

The reasons for this request are: The Assignee of Record has requested that this
application be transferred to another law firm for further prosecution, therefore this request is
made under the provision of 37 CFR 10.40(b)(4).

Please change the correspondence address and direct all future correspondence to:
Haynes & Boone, LLP, USPTO Customer Number 27,683.

Respectfully submitted,

FINNEGAN, HENDERSON, FARABOW,
GARRETT & DUNNER, L.L.P.

Dated: July 20 . 2009 By: Fﬂf

C. Larry O)Rourke
Reg. No. 26,014

(650) 849-6600
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Electronic Acknowledgement Receipt

EFS ID: 5782144
Application Number: 10101863
International Application Number:
Confirmation Number: 6938

Title of Invention:

BIASED PULSE DC REACTIVE SPUTTERING OF OXIDE FILMS

First Named Inventor/Applicant Name:

Hongmei Zhang

Customer Number:

22852

Filer:

Aaron James Capron/Drew Herndon

Filer Authorized By:

Aaron James Capron

Attorney Docket Number:

10655.0016-00

Receipt Date: 28-JUL-2009
Filing Date: 16-MAR-2002
Time Stamp: 13:44:14

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document .. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
11918
1 Petition to withdraw attorney or agent | Request_for_Withdrawal_1065 o 1

(SB83)

5-0016.PDF

87d0d88030358d5e5fc32a9583116dfd3 1§

5219

Warnings:

Information:
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Total Files Size (in bytes):| 11918

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR

1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application asa
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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INTHE UNITED STATES PATENT AND TRADEMARK OFFICE

Via EFS-Web

COMMISSIONER FOR PATENTS
P.O. Box 1450 ) '
Alexandria, VA 22313-1450

POWER OF ATTORNEY TO PROSECUTE APPLIATIONS BEFORE THE USPTO

Dear Sir:

I hereby appoint practitioners associated with Haynes and Boone Customer Number
27683, as my/our attorney(s) or agent(s) to prosecute the applications identified in Attachment
A, and to transact all business in the United States Patent and Trademark Office connected

therewith.

Please recognize or change the correspondence address for the applications listed in

Attachment A to Customer Number 27683.

SpringWorks, LLC, is the Assignee of record of the entire interest in the applications
identified in Attachment A by virtue of the assignment recorded in the Reel and Frame numbers
listed, or for which a copy therefore is attached, in Attachment A.

SPRINGWORKS, LLC

gl A)

Title: Qf_ff \ ex

Page 1532 of 1542



Attachment A

Power of Attorney to Prosecute Applications Before the USPTO

Applicant/Patent Owner: SpringWorks LLC hereby states that they are the assignee of the entire right, title and interest as listed below by virtue of an assignment
from the inventor(s) of the patent application/patent. The assignment was recorded in the United States Patent and Trademark Office at the Reel and Frame number
listed below or for which a copy therefore is attached.

Page 1533 of 1542

Attorne Application | Appl.
Y | Number / Date/ . . . Assigment Recorded
Docket Inventors Title Current Owner Chain of Title .
N Patent Issued : Reel/Frame | Date
0 Number Date
H. Zhang . From Inventors
M. Narasimhan _Blasefl Pulse DC‘ i to Symmorphix 014766 / 0601 12/2/2003
43668.3 11/191,643 7/27/2005 R. Mullapudi Reactive Sputtering Of SpringWorks LLC From Symmorphix
R, Dometay Oxide Films to SpringWorks LLC | 20134 / 0102 | 11/19/2007
T. Pan From Inventors
R. Demaray Mode Size Comvertor o Symmorphi | 020035 /0110 | 101302007
43668.4 11/100,856 4/6/2005 Y. Chen A . SpringWorks LLC
L For A Planar Waveguide .
Y. Xje From SymmorphiX | 513470102 | 11/19/2007
R. Pethe to SpringWorks LLC
From Inventors
. . 014945/ 0661 8/4/2004
436685 | 10/850,968 | 5/20/2004 | R Demaray Transparent Conductive | g onoWorks LLC | to-SYmmorphix
M. Narasimhan Oxides  From Symmorphix 1 90134 /0102 | 11/19/2007
to SpringWorks LLC
Optically Coupling Into f“;m I“Ve“t;.rs 014897/0768 |  1/16/2007
43668.22 | 10/650,461 | 8/27/2003 | D. Dawes Highly Uniform SpringWorks LLC Fr;’m);“yll‘l‘;‘]’ffm‘;ix
Waveguides to SpringWorks LLC 20134 /0102 11/19/2007
Energy Conversion And '
R. Demaray Storage Devices By f;‘;‘;‘;‘;;’;“;ﬁf; 014948 /0097 |  8/5/2004
4366839 | 11726972 | 32212007 | FL: Zbang Physical Vapor SpringWorks LLC
M. Narasimhan Deposition Of Titanium .
' And Titanium Oxid From SymmotphiX | 5134 /0102 | 11/19/2007
V. Milonopoulou And Sltl?ném% X1des to SpringWorks LLC
It 1p-Uxiaes
H. Zhang Lrom Toven®™s | 017196/ 0699 | 12/21/2006
43668.44 | 11/297,057 | 12/7/2005 | R. Demaray Deposition Of LiCoO2 | SpringWorks LLC meysymm‘grpm
M. Shao to SpringWorks LLC 20134 /0102 11/19/2007
Deposition Of
o Zh Perovskite And Other Drom Invento'S | 016821/0220 | 11/28/2005
. Zhang . . ymumorphix
43668.53 | 11/218,652 9/2/2005 R. Demaray Compound Ceramic SpringWorks LLC
' Films From Dielectric From Symmorphix 9 1200
Applications to SpringWorks LLC 20134 /010 11/19/2007
From Inventors
10/291,179 ISSUED - | R. Demaray, Lhow te.mperature ) to Symmorphix ‘014756 /0416 12/2/2003
43668.6 US Pat No. 7/29/08 V. Milonopoulou zirconia based thermal SpringWorks LLC From S "
. . rom Symmorphix
7,404,877 barrier layer by PVD to SpringWorks LLC 2013470102 11/19/2007
Tof3 i, GBI




Attachment A

Power of Attorney to Prosecute Applications Before the USPTO

Applicant/Patent Owner: SpringWorks LLC hereby states that they are the assignée of the entire right, title and interest as listed below by virtue of an assignment
from the inventor(s) of the patent application/patent. The assignment was recorded in the United States Patent and Trademark Office at the Reel and Frame number
listed below or for which a copy therefore is attached.
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Application | Appl.
Attorney v . .
Docket Number / Date/ Inventors Title Current Owner Chain of Title Assigment Recorded
N Patent Issued Reel/Frame | Date
o.
Number Date
09/903,050 R.Demaray, K. Wang, | .. v optical devices From Inventors | 15010 /0318 | 07/10/2001
ISSUED - | R. Mullapudi, D. ; . to Symmorphix
43668.8 US Pat No. 1/14/03 Stadtler, H Zhang, R. and methods for their SpringWorks LLC From Symmorphix
6,506,289 Peth ’ manufacture o SpringWorks LLC 20134 /0102 11/19/2007
F I t
10288278 | (oo | N Demaray K Wae, | pranar optical devices o et | 012010/0318 | 071012001
43668.9 | US Pat No. - vapuc, L. and methods for their SpringWorks LLC
6.827.826 12/7/04 Stadtler, H Zhang, R. manufacture ‘ From Symunorphix 20134 /0102 11/19/2007
e Pethe to SpringWorks LLC
Method of Producing From Inventors 1 11504 /0738 | 01/19/2001
09/766,463 | 19sUED - | R. Demaray, J. Shan, amorphous silicon for . to Symmosphix
43668.13 | U.S. Pat No. / i | hard mask and SpringWorks LLC -~
6.533.907 3/18/03 K. Wang, R. Mullapudi | hard maskand From Symmorphix
e waveguide applications to SpringWorks LLC 20134 /0102 11/19/2007
As-deposited planar From Inventors
| oors03,081 | g- fﬁigf?&il{d‘gﬁg’ optical waveguides with | 01201070752 | 0771072001
43668.14 | US Pat No. : pudi, 8- LU 15w scattering loss and | SpringWorks LLC
12/30/08 | H. Zhang, H. Ackler, : From S "
7,469,558 ; methods for their o Sy X | 2013470102 | 11/19/2007
J. Egermeier, R. Pethe - manufactare to SpringWorks LLC /
10/101,492 T. Pan, R. Demaray, . From Inventors 020035/0110 | 10/30/2007
sost1s | Uspate, | ISUED" Y. Ghun X | Mot comerer | g1 | oS mmons
6,884,327 R. Pethe P & o SprineWorko LLC | 2013470102 | 11/19/2007
H. Zhang, . From Inventors
10/101,863 ISSUED - | M. Narasimhan, Blase.d pulse DC . to Symmorphix 014766/ 0601 12/2/2003
43668.17 | US Pat No. 5/27/08 R. Mullapudi reactive sputtering of SpringWorks LLC From Symmorphix
7,378,356 R. Demaray oxide films to SpringWorks LLC 20134 /0102 11/19/2007
H. Zhang, . ‘ From Inventors
10/954,182 ISSUED - | M. Narasimhan, Blas§d pulse D(‘j ) to Symmorphix 014766 / 0601 12/2/2003
43668.21 | US Pat No. 6/30/08 R. Mullapudi reactive sputtering of SpringWorks LLC From Symmorphix
7,381,657 R. Demaray i oxide films to SpringWorks LLC 20134 /0102 11/19/2007
H. Zhang, . From Inventors
11/228,834 ISSUED - | M. Narasimhan, Blase.:d pulse D(; ] to Symmorphix 014766./ 0601 12/2/2003
43668.19 | US Pat No. 6/9/09 R. Mullapudi reactive sputtering of SpringWorks LLC From Symmorphix
7,544,276 R. Demaray oxide films to SpriﬂgWorks LLC 20134 /0102 11/19/2007
20f3 Initial: l Zi i!




Attachment A

Power of Attorney to Prosecute Applications Before the USPTO

Applicanthatent Owner: SpringWorks LLC hereby states that they are the assignee of the entire right, title and interest as listed below by virtue of an assignment
from the inventor(s) of the patent application/patent. The assignment was recorded in the United States Patent and Trademark Office at the Reel and Frame number
listed below or for which a copy therefore is attached. :

Application | Appl.
Attorney Number / Date/ . . , Assigment Recorded
Docket Inventors Title Current Owner Chain of Title
No Patent Issued Reel/Frame | Date
’ Number Date
H. Zhang, . From Inventors
11/228,717 ISSUED - | M. Narasimhan, Bxase:d pulse DQ A to Symmorphix 014766 / 0601 12/2/2003
43668.20 | U.S. Pat No. 8/19/08 R. Mullapudi reactive sputtering of SpringWorks LLC From Symmorphix -
7,413,998 R, Demaray oxide films o SpringWorks LLC 20134 /0102 11/19/2007
From Inventors
107789,953 ISSUED - | M. Narasimhan, Dielectric Barrier Layer . to Symmorphix 014948 /0111 08/05/2004
43668.25 | US Pat No. . SpringWorks LLC -
7.205.662 4/17/07 P. Brooks, R. Demaray | Films From Symmorphix 20134/ 0102 11/19/2007
T to SpringWorks LLC
From Inventors
11/228,805 ISSUED - | M. Narasimhan, Dielectric Barrier Layer . to Symmorphix 014948 /0111 08/05/2004
43668.32 | US Pat No. . SpringWorks LLC -
7262.131 8/28/07 P. Brooks, R. Demaray | Films From Symmorphix 20134 /0102 11/19/2007
e to SpringWorks LLC
Energy Conversion and
B N From Inventors
10/851,542 ISSUED R. Demaray, H. Zhang, ls);ora'gelli/evmes by to Symmorphix 014948 /0097 8/5/2004
43668.34 | US Pat No. " | M. Narasimhan, wsical vapor SpringWorks LLC [
7238.628 7/3/07 V. Mil ) Deposition of Titanium From S bi
#2385 - Vilonopoulou and Titanium Oxides 0 SorinewWorks LLC | 2013470102 | 11/19/2007
and Sub-Oxides 0 SPrngorks
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PTO/SB/122 (11-08)

Approved for use through 11/30/2011. OMB 0651-0035

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

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

o 10/101,863
( Application Number ’
CHANGE OF e
- 3-16-2002
CORRESPONDENCE ADDRESS Filing Date
Application First Named Inventor H. Zhang
! 2823

Address to: Art Unit

Commissioner for Patents E . N Michelle Estrada

P.O. Box 1450 xaminer hame

Alexandria, VA 22313-1450
\ Attorney Docket Number 43668.17 )

Please change the Correspondence Address for the above-identified patent application to:

The address associated with

Customer Number: 27683
OR
Firm or
Individual Name
Address
City State Zip
Country
Telephone Email

This form cannot be used to change the data associated with a Customer Number. To change the
data associated with an existing Customer Number use “Request for Customer Number Data Change” (PTO/SB/124).

| am the:
I:I Applicant/Inventor

|:| Assignee of record of the entire interest.
Statement under 37 CFR 3.73(b) is enclosed. (Form PTO/SB/96).

Attorney or agent of record. Registration Number __ 41008

Registered practitioner named in the application transmittal letter in an application without an
executed oath or declaration. See 37 CFR 1.33(a)(1). Registration Number

Signature /gary j. edwards/

Typed or Printed

Name Gary J. Edwards

Telephone

Date December 2, 2009 408-660-4120

NOTE: Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are required. Submit multiple
forms if more than one signature is required, see below*.

I:I *Total of forms are submitted.

This collection of information is required by 37 CFR 1.33. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on
the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection
with your submission of the attached form related to a patent application or patent. Accordingly,
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary;
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark
Office is to process and/or examine your submission related to a patent application or patent. If you do
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to
process and/or examine your submission, which may result in termination of proceedings or
abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from
this system of records may be disclosed to the Department of Justice to determine whether
disclosure of these records is required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to
opposing counsel in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of
Congress submitting a request involving an individual, to whom the record pertains, when the
individual has requested assistance from the Member with respect to the subject matter of the
record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the
Agency having need for the information in order to perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in
this system of records may be disclosed, as a routine use, to the International Bureau of the
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as
part of that agency’s responsibility to recommend improvements in records management
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall
be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not
be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which
became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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Electronic Acknowledgement Receipt

EFS ID: 6555033
Application Number: 10101863
International Application Number:
Confirmation Number: 6938

Title of Invention:

BIASED PULSE DC REACTIVE SPUTTERING OF OXIDE FILMS

First Named Inventor/Applicant Name:

Hongmei Zhang

Customer Number:

22852

Filer: Gary James Edwards/Sheila Badon
Filer Authorized By: Gary James Edwards
Attorney Docket Number: 43668.17
Receipt Date: 02-DEC-2009
Filing Date: 16-MAR-2002
Time Stamp: 12:26:59

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document .. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
482094
1 43668_POA.pdf yes 4
50be7508dee6f2ch790d6ae139f6af2655b9)
3fda
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Multipart Description/PDF files in .zip description
Document Description Start End
Power of Attorney 1 1
Assignee showing of ownership per 37 CFR 3.73(b). 2 4
Warnings:
Information:
298818
2 Change of Address 43668_17_COA.pdf no 2
93b76369c0b54a23b201bfd71810fc3dfbib|
edb5
Warnings:
Information:
Total Files Size (in bytes):I 780912

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similarto a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application asa
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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2\ UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
10/101,863 03/16/2002 Hongmei Zhang 43668.17

CONFIRMATION NO. 6938

27683 POA ACCEPTANCE LETTER

HAYNES AND BOONE, LLP

IP Section (R MM MM

2323 Victory Avenue 0000000391205

Suite 700

Dallas, TX 75219

Date Mailed: 12/10/2009

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 12/02/2009.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the

above address as provided by 37 CFR 1.33.

/mnguyen/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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2\ UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1430
Alexandria, Virginia 22313-1450
WWW.uspto.gov
| APPLICATION NUMBER I FILING OR 371(C) DATE I FIRST NAMED APPLICANT I ATTY. DOCKET NO./TITLE |
10/101,863 03/16/2002 Hongmei Zhang 43668.17
CONFIRMATION NO. 6938
22852 POWER OF ATTORNEY NOTICE
FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER

LLP

I
901 NEW YORK AVENUE, NW

000
WASHINGTON, DC 20001-4413

Date Mailed: 12/10/2009

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 12/02/2009.

+ The Power of Attorney to you in this application has been revoked by the assignee who has intervened as
provided by 37 CFR 3.71. Future correspondence will be mailed to the new address of record(37 CFR 1.33).

/mnguyen/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPtO.gov

| APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT ATTY.DOCKET NO./TITLE REQUEST ID

10/101,863 03/16/2002 Hongmei Zhang 48604.18 93175

Acknowledgement of Change to Small Entity Status
The entity status change request below filed through Private PAIR on 08/06/2019 has been accepted.

CERTIFICATIONS:

Change of Entity Status:

X Applicant asserting small entity status. See 37 CFR 1.27.

NOTE: If the application was previously under micro entity status, checking this box will be taken to be a notification of
loss of entitlement to micro entity status.

This portion must be completed by the signatory or signatories making the entity status change in accordance
with 37 CFR 1.4(d)(4).

Signature: Gary Edwards/
Name: Gary Edwards
Registration Number: 41008
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