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I, Dr. Bruce W. Smith, Ph.D., declare as follows:
I. Introduction

L. My name is Dr. Bruce W. Smith. I have been asked to submit this
declaration on behalf of Taiwan Semiconductor Manufacturing Company, Ltd.
(“TSMC” or “Petitioner”) in connection with a petition for inter partes review of
U.S. Patent No. 6,197,696 (“the 696 patent”).

2. I have been retained as a technical expert by TSMC to study and
provide my opinions on the technology in and the validity of claims 13 and 15 in
the *696 patent (“the Challenged Claims”). I have also been asked to provide my
opinions as to whether certain related applications provide support for the
Challenged Claims and whether a certain prior art reference is supported by the
disclosures of its provisional application.

II. Summary of Opinions

3. Based on my experience, knowledge of the art at the relevant time,
analysis of prior art references, and the broadest reasonable interpretation of the
claims in light of the specification, it is my opinion that the Challenged Claims of
the *696 patent are obvious over the prior art references discussed below.

4. Based on my experience, knowledge of the art at the relevant time,

and the broadest reasonable interpretation of the claims in light of the specification,
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it is further my opinion that the Challenged Claims do not have support in Japanese
application JP 10-079371, to which the *696 patent claims the benefit of priority.

5. Based on my experience, knowledge of the art at the relevant time,
and the broadest reasonable interpretation of the claims in light of the specification,
it is further my opinion that at least claim 28 of the Grill reference (U.S. Patent No.
6,140,226) is supported by U.S. Provisional Patent Application No. 60-071,628, to
which the Grill reference claims the benefit of priority.

ITI. Background and Qualifications
A. Background

6. [ have over 30 years of research, academic, industry, and consulting
engineering experience in IC (integrated circuit) processing, semiconductor device
materials, microelectronics, and microlithography. I have expertise in
semiconductor IC processes and fabrication, microlithography, and deposition and
etch processes.

7. [ am a professor of Microelectronic Engineering and the Director of
the Ph.D. program in Microsystems Engineering at the Rochester Institute of
Technology (RIT).

8. [ am a Fellow of the Institute of Electrical and Electronics Engineers
(IEEE), a Fellow of the International Society for Optical Engineering (SPIE), and a

Fellow of the Optical Society of America (OSA). I have received numerous
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awards including the IEEE Technology Innovation Award, the RIT Trustees
Scholarship Award, the SPIE Research Mentoring Award, the RIT Creators
Award, and the Rush Henrietta Outstanding Alumni Award, among others, and
have been inducted into RIT’s Innovator Hall of Fame.

9. I have published over 200 technical papers, articles, textbooks, and
textbook chapters, and I hold 27 patents. My patented technologies have been
licensed both nationally and internationally.

10.  Additional details about my employment history, fields of expertise,
and publications are further included in my curriculum vitae, attached as Appendix
A.

B. Previous Expert Witness Experience

11. Ihave served as an expert witness since the mid 1990’s. In the last
ten years or so, I have testified at the International Trade Commission twice and
district court three times. In addition, [ have been deposed over twenty times on
patents related to semiconductor device fabrication. Several of these have been
IPR cases. Additional details about my litigation consulting experience are further
included in my curriculum vitae, attached as Appendix A.

C. Compensation

12. I am being compensated for services provided in this matter at my

usual and customary rate of $525 per hour plus travel expenses. My compensation
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is not conditioned on the conclusions I reach as a result of my analysis or on the
outcome of this matter, and in no way affects the substance of my statements in
this declaration.

13. I have no financial interest in Petitioner TSMC or any of its
subsidiaries. I also have no financial interest in Patent Owner Godo Kaisha IP
Bridge 1. I do not have any financial interest in the 696 patent and have not had
any contact with any of the named inventor of the *696 patent, Nobuo Aoi.

IV. Materials Reviewed

14.  In forming my opinions, [ have reviewed the following references:

e The '696 patent (which I understand is Exhibit 1001 to TSMC’s
petition);

e U.S. Patent No. 3,617,824 (““Shinoda,” which I understand is Exhibit
1003 to TSMC’s petition);

e U.S. Patent No. 3,838,442 (“Humphreys,” which I understand is
Exhibit 1004 to TSMC’s petition);

e U.S. Patent No. 6,140,226 (“Grill,” which I understand is Exhibit 1005
to TSMC’s petition);

e U.S. Patent No. 5,635,423 (“Huang,” which I understand is Exhibit

1006 to TSMC’s petition);
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e U.S. Patent No. 5,741,626 (“Jain,” which I understand is Exhibit 1007
to TSMC’s petition);

e C. Akrout et al., “A 480-MHz Microprocessor in a 0.12um L.y CMOS
Technology with Copper Interconnects,” IEEE J. of Solid-State
Circuits, Vol. 33, no. 11 (November 1998) (“Akrout,” which I
understand is Exhibit 1008 to TSMC’s petition);

e J.N. Burghartz et al., “Monolithic Spiral Inductors Fabricated Using a
VLSI Cu-Damascene Interconnect Technology and Low-Loss
Substrates,” International Electron Devices Meeting (December 1996)
(“Burghartz,” which I understand is Exhibit 1009 to TSMC’s petition);

e U.S. Patent No. 6,100,184 (“Zhao,” which I have been told is Exhibit
1010 to TSMC’s petition);

e U.S. Patent No. 6,103,616 (“Yu,” which I have been told is Exhibit
1011 to TSMC’s petition);

¢ File History of U.S. Patent No. 6,197,696 to Aoi et al. (which I have
been told is Exhibit 1012 to TSMC’s petition)

¢ Japanese Patent Application No. 10-079371 to Aoi (“the *371
application,” which I have been told is Exhibit 1013 to TSMC’s

petition);
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e Certified Translation of Japanese Patent Application No. 10-079371 to
Aoi (“the 371 application,” which I have been told is Exhibit 1014 to
TSMC'’s petition);

e Japanese Patent Application No. 11-075519 to Aoi (which I have been
told is Exhibit 1015 to TSMC’s petition);

e Certified Translation of Japanese Patent Application No. 11-075519 to
Aoi (“the 519 application,” which I have been told is Exhibit 1016 to
TSMC'’s petition);

e U.S. Provisional Patent Application No. 60/071,628 (which [ have
been told is Exhibit 1017 to TSMC’s petition); and

e U.S. Patent No. 5,592,024 to Aoyama et al. (“Aoyama,” which I have

been told is Exhibit 1018 to TSMC’s petition).

V. Legal Standards

15. Iam not an attorney and have not been asked to offer my opinion on
the law. However, as an expert offering an opinion on whether the claims in the
’696 patent are patentable, I have been told that I am obliged to follow existing
law. I have been told the following legal principles apply to analysis of
patentability pursuant to 35 U.S.C. §§ 102 and 103.

16. I also understand that, in an inter partes review proceeding, patent

claims may be deemed unpatentable if it is shown by preponderance of the
6
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evidence that they were anticipated and/or rendered obvious by one or more prior
art patents or publications.

17.  Further, [ have been told that, in an inter partes review proceeding,
patent claims cannot claim the benefit of priority to a domestic or a foreign
application, if the domestic or the foreign application does not adequately describe
or enable those claims.

A. Anticipation

18. I have been told that for a claim to be anticipated under § 102, every
limitation of the claimed invention must be found in a single prior art reference.

19. I have been told that a claim is unpatentable as anticipated
under § 102(a) if the claimed invention was “known or used by others in this
country, or patented or described in a printed publication in this or another country,
before the invention thereof by the applicant for patent.”

20. Ihave been told that a claim is unpatentable as anticipated under
§ 102(b) if the claimed invention was “patented or described in a printed
publication in this or a foreign country or in public use or on sale in this country,
more than one year prior to the date of the application for patent in the United
States.”

21. Ihave been told that a claim is unpatentable as anticipated under

§ 102(e) if “the invention was described in (1) an application for patent, published
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under section 122(b), by another filed in the United States before the invention by
the applicant for patent or (2) a patent granted on an application for patent by
another filed in the United States before the invention by the applicant for patent,
except that an international application filed under the treaty defined in section
351(a) shall have the effects for the purposes of this subsection of an application
filed in the United States only if the international application designated the United
States and was published under Article 21(2) of such treaty in the English
language.”

B. Obviousness

22.  Thave been told that under 35 U.S.C. § 103(a), “[a] patent may not be
obtained although the invention is not identically disclosed or described as set forth
in section 102, if the differences between the subject matter sought to be patented
and the prior art are such that the subject matter 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.”

23.  When considering the issues of obviousness, I have been told that I

am to do the following:

a. Determine the scope and content of the prior art;
b. Ascertain the differences between the prior art and the claims at
issue;
8
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C. Resolve the level of ordinary skill in the pertinent art; and
d. Consider evidence of secondary indicia of non-obviousness (if
available).

24. T have been told that the relevant time for considering whether a claim
would have been obvious to a person of ordinary skill in the art is the time of
alleged invention, which I have assumed is shortly before the *696 patent was filed.

25. Ihave been told that obviousness is a determination of law based on
underlying determinations of fact. I have been told that these factual
determinations include the scope and content of the prior art, the level of ordinary
skill in the art, the differences between the claimed invention and the prior art, and
secondary considerations of non-obviousness.

26. I have been told that any assertion of secondary indicia must be
accompanied by a nexus between the merits of the invention and the evidence
offered.

27. Ihave been told that a reference may be combined with other
references to disclose each element of the invention under § 103. I have been told
that a reference may also be combined with the knowledge of a person of ordinary
skill in the art and that this knowledge may be used to combine multiple
references. [ have also been told that a person of ordinary skill in the art is

presumed to know the relevant prior art. [ have been told that the obviousness
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analysis may take into account the inferences and creative steps that a person of
ordinary skill in the art would employ.

28.  In determining whether a prior art reference could have been
combined with another prior art reference or other information known to a person
having ordinary skill in the art, I have been told that the following principles may
be considered:

a. A combination of familiar elements according to known methods is
likely to be obvious if it yields predictable results;

b. The substitution of one known element for another is likely to be
obvious if it yields predictable results;

c. The use of a known technique to improve similar items or methods in
the same way is likely to be obvious if it yields predictable results;

d. The application of a known technique to a prior art reference that is
ready for improvement, to yield predictable results;

e. Any need or problem known in the field and addressed by the
reference can provide a reason for combining the elements in the
manner claimed;

f. A person of ordinary skill often will be able to fit the teachings of

multiple references together like a puzzle; and

10
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g. The proper analysis of obviousness requires a determination of
whether a person of ordinary skill in the art would have a “reasonable
expectation of success”—not “absolute predictability” of success—in
achieving the claimed invention by combining prior art references.

29. I have been told that whether a prior art reference renders a patent
claim unpatentable as obvious is determined from the perspective of a person of
ordinary skill in the art. I have been told that there is no requirement that the prior
art contain an express suggestion to combine known elements to achieve the
claimed invention, but a suggestion to combine known elements to achieve the
claimed invention may come from the prior art, as filtered through the knowledge
of one skilled in the art. In addition, I have been told that the inferences and
creative steps a person of ordinary skill in the art would employ are also relevant to
the determination of obviousness.

30. Thave been told that, when a work is available in one field, design
alternatives and other market forces can prompt variations of it, either in the same
field or in another. I have been told that if a person of ordinary skill in the art can
implement a predictable variation and would see the benefit of doing so, that
variation is likely to be obvious. I have been told that, in many fields, there may
be little discussion of obvious combinations, and in these fields market demand—

not scientific literature—may drive design trends. [ have been told that, when

11
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there is a design need or market pressure and there are a finite number of
predictable solutions, a person of ordinary skill in the art has good reason to pursue
those known options.

31. Ihave been told that there is no rigid rule that a reference or
combination of references must contain a “teaching, suggestion, or motivation” to
combine references. But I also understand that the “teaching, suggestion, or
motivation” test can be a useful guide in establishing a rationale for combining
elements of the prior art. I have been told that this test poses the question as to
whether there is an express or implied teaching, suggestion, or motivation to
combine prior art elements in a way that realizes the claimed invention, and that it
seeks to counter impermissible hindsight analysis.

VI. Technological Background
A. Integrated Circuits and Interconnections

32. Integrated circuits contain millions of discrete semiconductor devices.
These discrete devices are electrically connected to one another by
“Interconnections,” or “interconnects,” to form circuits. U.S. Patent No.
3,617,824, from 1965, provides an early example of interconnects. (Shinoda at
4:30-73, Figs. 6, 7.) For example, Figures 6 and 7 of Shinoda (below) shows

interconnects (in blue and green) in an integrated circuit.

12
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FIG.6 ﬂ
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33. Interconnects having a “via” and “trench” portions were very common

years before the application for the 696 patent was filed. “Vias” provide an
electrical connection path between device levels by extending between the planes
of one or more adjacent layers. When filled with a conductive material, these vias
provide the electrical contact between conductive layers and are often also referred

to as contact holes. When filled with a conductive material, the “trenches” are the

13
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wires that link the filled vias (or contacts) to form circuits. Figures 6 and 6A of
U.S. Patent No. 3,838,442 show this structure. (Humphreys at Abstract, 1:54-2:6,
8:19-54, Figs. 6, 6A, 7, 7TA.)
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FIG.6A

34.  Multiple levels of interconnects are typically used to form various
circuits within a microchip. The vias are vertical metal patterns that link each
interconnect level together. The trenches are coplanar with the semiconductor
substrate and connect the circuit elements. These trenches define each
metallization level in an integrated circuit. This type of multi-level wiring scheme
was common in semiconductor processing years before the time the application for
the *696 patent was filed. Examples appear below. (Akrout at Fig. 2; Burghartz at

Fig. 2.) The via-trench structures are readily apparent.

14
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Fig. 2 Cross-sectional SEM of & five-kovel Cusdamuscene interconnect
gructure with  oxide isolatwn. (Note thar the strecture 15 (llustrated o

Interconnect desnanstrate the VLS] capabiliay of the process; the dimensions m'_ malied
Fiz. ) Scanmng elecyon microscope of six copper menl lavels and local luyers, vias, and oxade Solation are dilferent fram the anes used for 1%
nterconnEct mductor fabrication.}

35.  One way to make this type of interconnect structure is a damascene
process. In a damascene process, the via and trench patterns are etched into an
insulating material, and those patterns are filled with metal. Excess metal is
removed by a chemical-mechanical polish (CMP) treatment. In a single
damascene process, the via and trench levels are formed independently through
two separate damascene processes. In a dual damascene process, the vias and
trenches are formed in the same process. Like other metallization processes, the
resulting structure formed in a dual damascene process is characterized by via
portions for contacting each discrete device and trenches for linking the vias.
(Grill at 1:45-48, 3:33-36; Huang at Abstract, 2:61-3:2, 3:54-57; Jain at 2:15—
20.) Examples of the dual-damascene structure appear below with annotations.

(Grill at Fig. 11.; Huang at Figs. 6(c), 9; Jain at Fig. 5.)

15
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B. Semiconductor Etching and Photolithography

36.  One semiconductor processing technology that can create patterns in a
semiconductor wafer is called photolithography.

37. In photolithography, a chemical called a “photoresist” uniformly coats
the surface of the processed semiconductor wafer. Photoresist is sensitive to light
and will change its molecular structure when illuminated under the right

conditions.

16
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38. A photomask, which is transparent in some regions and opaque in
others, contains a pattern that is meant to be transferred to the processed wafer
through the photoresist. After the photomask is aligned, the photoresist is
illuminated through the photomask. The exposed photoresist is altered by the
light.

39.  Any photoresist that is not part of the pattern can be removed with a
chemical called a “developer.” The processed wafer retains the patterned
photoresist layer, which can be used to help pattern material beneath the
photoresist.

40. A schematic representation of two photolithography processes appear
below. In a “negative” photoresist process, the exposed portions of the photoresist
remain on the processed wafer. In a “positive” photoresist process, the illuminated

portions of the photoresist are removed from the processed wafer.

W afier "Wafar
Fositive resist exposed Megative resist, exposed
areaswill be retmioved area s will rermain
17

Page 20 of 137



41.  Another semiconductor processing technology that can create patterns
in a semiconductor wafer is called etching. Etching usually complements
photolithography.

42. A patterned photoresist layer can serve as a “mask” during an etch
process. In an etch process, surfaces of the processed wafer (semiconductor
substrate and/or overlying layers) are exposed to corrosive chemicals to remove
certain portions of the processed wafer.

43.  After etching, the photoresist may be “stripped” (i.e., removed) from
the wafer by another chemical treatment. In some processes, the photoresist may
also be removed during etching. The following diagram shows photolithography

and etching.

I Prepare Wafer

T e

RAREERRT.

I sienibgos
B
BBl = o o
T strip Resist
44.  An etch that attacks all exposed materials is called a non-selective
etch. An etch that attacks certain material compositions more than others is called

18
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a selective etch. The ratio of etch rates between two materials is known as
“selectivity.” (Wang at 6:1-11.)

45.  An etch that attacks a material in all directions is called isotropic. An
etch that attacks a material in a preferred direction (most commonly perpendicular
to the surface of the wafer) is called anisotropic.

46.  An etch that uses a liquid etching agent is called a “wet” etch. An
etch that does not use a liquid (typically an ionized gas, called a “plasma,” instead)
is called a “dry” etch.

47.  In dual damascene processes, selective anisotropic dry etching is
typically used. (Huang at 2:61-63; Zhao at 2:45-48; Yu at 4:9-12.) This
preserves the critical dimensions (i.e., the sizing) of the vias and trenches and

ensures that the correct layers are etched during each step of the process.

VII. The ’696 Patent
A. Description of the Challenged Claims
1. Claim 13

48. A person of ordinary skill in the art would have understood that claim
13 reads on the fifth and sixth embodiments, including the modified fifth and sixth
embodiments, of the 696 patent. (696 patent at 22:47-29:60, Figs. 21(a)-37(b).)
Below I describe the steps of claim 13 of the 696 patent with reference to the fifth

and sixth embodiments of the *696 patent (including their modified counterparts).

19
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49.  The preamble of claim 13 recites “[a] method for forming an
interconnection structure.” The *696 patent, titled “Method of Forming
Interconnection Structure,” states that “[t]he present invention relates to a method
for forming an interconnection structure in a semiconductor integrated circuit.”
(’696 patent at Title, Abstract, 1:6-8.)

50.  Step a) of claim 13 recites “forming a first insulating film [504, 554,
603, 653] over lower-level metal interconnects [501, 551, 601, 651].”

51.  In my opinion, a person of ordinary skill in the art would have
understood that in the fifth embodiment the claimed first insulating film is first
silicon dioxide film 504, which is located over lower-level interconnects 501.
(’696 patent at 22:52—-62.) A person of ordinary skill in the art would have
understood that silicon dioxide is an insulating film.

52.  In my opinion, a person of ordinary skill in the art would have
understood that in the modified fifth embodiment the claimed first insulating film
is first silicon dioxide film 554, which is over lower-level interconnects 551. (C696
patent at 24:60-25:3.) A person of ordinary skill in the art would have understood
that silicon dioxide is an insulating film.

53. In my opinion, a person of ordinary skill in the art would have

understood that in the sixth embodiment the claimed first insulating film is first

20
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organic film 603, which is an “insulating film” and located over lower-level
interconnects 601. ("696 patent at 28:1-9.)

54.  In my opinion, a person of ordinary skill in the art would have
understood that in the modified sixth embodiment the claimed first insulating film
is first organic film 653, which is an “insulating film” and located over lower-level
interconnects 651. (696 patent at 30:1-11.)

55. Figures 21(a), 24(a), 30(a), and 33(a) from the 696 patent showing
step a) appear below. (696 patent at 22:52-23:24, 24:60-25:11, 28:1-36, 30:1-

16, Figs. 21(a), 24(a), 30(a), 33(a).)

507 S 606
=506 605
505 604
33 Fig. 30(a) ~Z 602
i 5 :
Fig. 21(a) {502 18- S |2 —
N RN
Fifth Embodiment Sixth Embodiment
s .
- 555 059
= N~
Fig. 24 553 Fig. 33(a)
ig. 24(a) B - 952 . B 52
2% ~— 650
Modified Fifth Embodiment Modified Sixth Embodiment
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56.  Step b) of claim 13 recites “forming a second insulating film [505,
555, 604, 654], having a different composition than that of the first insulating film,
over the first insulating film [504, 554, 603, 653].”

57. In my opinion, a person of ordinary skill in the art would have
understood that in the fifth embodiment the claimed second insulating film is
“second organic film 505,” which is an “insulating film” and has a composition
that differs from the composition of the claimed first insulating film (first silicon
dioxide film 504). (696 patent at 22:60—-64.) A person of ordinary skill in the art
would have understood that silicon dioxide is not organic. A person of ordinary
skill in the art also would have understood that second organic film 505 is located
over first silicon dioxide film 504.

58. In my opinion, a person of ordinary skill in the art would have
understood that in the modified fifth embodiment the claimed second insulating
film is “second organic film 555,” which is an “insulating film” and has a
composition that differs from the composition of the claimed first insulating film
(first silicon dioxide film 554). (°696 patent at 25:1-6.) A person of ordinary skill
in the art would have understood that silicon dioxide is not organic. A person of
ordinary skill in the art also would have understood that second organic film 555 is

located over first silicon dioxide film 554.

22
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59. In my opinion, a person of ordinary skill in the art would have
understood that in the sixth embodiment the claimed second insulating film is
“silicon dioxide film 604,” which has a composition that differs from the
composition of the claimed first insulating film (first organic film 603). ("696
patent at 28: 6-11.) A person of ordinary skill in the art would have understood
that silicon dioxide is an insulating film and that it is not organic. A person of
ordinary skill in the art also would have understood that silicon dioxide film 604 is
located over first organic film 603.

60. In my opinion, a person of ordinary skill in the art would have
understood that in the modified sixth embodiment the claimed second insulating
film is “silicon dioxide film 654,” which has a composition that differs from the
composition of the claimed first insulating film (first organic film 653). (696
patent at 30:6—11.) A person of ordinary skill in the art would have understood
that silicon dioxide is an insulating film and that it is not organic. A person of
ordinary skill in the art also would have understood that silicon dioxide film 654 is
located over first organic film 653.

61. Figures 22(a), 24(a), 30(a), and 33(a) from the 696 patent showing
step b) appear below. ("696 patent at 22:52-23:24, 24:60-25:11, 28:1-36, 30:1-

16, Figs. 21(a), 24(a), 30(a), 33(a).)

23
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62. Step c) of claim 13 recites “forming a third insulating film [506, 556,
605, 655], having a different composition than that of the second insulating film,
over the second insulating film [505, 555, 604, 654].”

63. In my opinion, a person of ordinary skill in the art would have
understood that in the fifth embodiment the claimed third insulating film is
“second silicon dioxide film 506,” which has a composition that differs from the
composition of the claimed second insulating film (second organic film 505).
(’696 patent at 22:62—-67.) A person of ordinary skill in the art would have
understood that silicon dioxide is an insulating film and that it is not organic. A

person of ordinary skill in the art also would have understood that second silicon

dioxide film 506 is located over second organic film 505.
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64. In my opinion, a person of ordinary skill in the art would have
understood that in the modified fifth embodiment the claimed third insulating film
is “second silicon dioxide film 556,” which has a composition that differs from the
composition of the claimed second insulating film (second organic film 555).
(’696 patent at 25:3-9.) A person of ordinary skill in the art would have
understood that silicon dioxide is an insulating film and that it is not organic. A
person of ordinary skill in the art also would have understood that second silicon
dioxide film 556 is located over second organic film 555.

65. In my opinion, a person of ordinary skill in the art would have
understood that in the sixth embodiment the claimed third insulating film is
“second organic film 605,” which is an “insulating film” and has a composition
that differs from the composition of the claimed second insulating film (silicon
dioxide film 604). (696 patent at 28: 9—-13.) A person of ordinary skill in the art
would have understood that silicon dioxide is not organic. A person of ordinary
skill in the art also would have understood that second organic film 605 is located
over silicon dioxide film 604.

66. In my opinion, a person of ordinary skill in the art would have
understood that in the modified sixth embodiment the claimed third insulating film
is “second organic film 655,” which is an “insulating film” and has a composition

that differs from the composition of the claimed second insulating film (silicon
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dioxide film 654). (696 patent at 30:9-14.) A person of ordinary skill in the art

would have understood that silicon dioxide is not organic. A person of ordinary

skill in the art also would have understood that second organic film 655 is located

over silicon dioxide film 654.

67.

Figures 21(a), 24(a), 30(a), and 33(a) from the 696 patent showing

step c¢) appear below. (*696 patent at 22:52-23:24, 24:60-25:11, 28:1-36, 30:1-

16, Figs. 21(a), 24(a), 30(a), 33(a).)

Fig. 21 (a)

Fig. 24 (a)

Modified Fifth Embodiment
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over the third insulating film [506, 556, 605, 655].”

69.

Step d) of claim 13 recites “forming a thin film [507, 557, 606, 656]

I believe that a person of ordinary skill in the art would have

understood that in the fifth embodiment, “a titanium nitride film 507 (thin film) is
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deposited to be 50 nm thick.” (*696 patent at 23:1-3.) A person of ordinary skill
in the art would have understood that titanium nitride film 507 is located over the
claimed third insulating film (second silicon dioxide film 506).

70. I believe that a person of ordinary skill in the art would have
understood that in the modified fifth embodiment, “a titanium nitride film 557 is
deposited to be 50 nm thick.” (*696 patent at 25:9—11.) A person of ordinary skill
in the art would have understood that titanium nitride film 557 is located over the
claimed third insulating film (second silicon dioxide film 556).

71. I believe that a person of ordinary skill in the art would have
understood that in the sixth embodiment, “a titanium nitride film 606 (thin film) is
deposited to be 50 nm thick.” (’696 patent at 28:14—16.) A person of ordinary
skill in the art would have understood that titanium nitride film 606 is located over
the claimed third insulating film (second organic film 605).

72.  Ibelieve that a person of ordinary skill in the art would have
understood that in the modified sixth embodiment, “a titanium nitride film 656
(thin film) is deposited to be 50 nm thick.” (’696 patent at 30:14—-16.) A person of
ordinary skill in the art would have understood that titanium nitride film 656 is

located over the claimed third insulating film (second organic film 655).
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73.  Figures 21(a), 24(a), 30(a), and 33(a) from the *696 patent showing
step d) appear below. (C696 patent at 22:52-23:24, 24:60-25:11, 28:1-36, 30:1-

16, Figs. 21(a), 24(a), 30(a), 33(a).)
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74.  Step e) of claim 13 recites “forming a first resist pattern [5S08, 558,
607, 657] on the thin film [507, 557, 606, 656], the first resist pattern having
openings for forming wiring grooves.”

75.  Ibelieve that a person of ordinary skill in the art would have
understood that in the fifth embodiment, ‘“a first resist pattern 508, having openings
for forming wiring grooves, is formed by lithography on the titanium nitride film

507.” (’696 patent at 23:25-27.)
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76. I believe that a person of ordinary skill in the art would have
understood that in the modified fifth embodiment, “a first resist pattern 558, having
openings for forming wiring grooves, is formed on the titanium nitride film 557.”
(’696 patent at 25:19-21.)

77.  Ibelieve that a person of ordinary skill in the art would have further
understood that in the sixth embodiment, “a first resist pattern 607, having
openings for forming wiring grooves, is formed by lithography on the titanium
nitride film 606.” (’696 patent at 28:37-39.)

78.  Ibelieve that a person of ordinary skill in the art would have further
understood that in the modified sixth embodiment, “a first resist pattern 657,
having openings for forming wiring grooves, is formed by lithography on the
titanium nitride film 656.” (*696 patent at 30:37-39.)

79.  Figures 21(b), 24(b), 30(b), and 33(b) of the *696 patent showing step
e) appear below. (C696 patent at 23:25-32, 25:19-25, 28:37-43, 30:37-43, Figs.

21(b), 24(b), 30(b), 33(b).)

Fig. 21 (b)

Fifth Embodiment Sixth Embodiment
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Fig. 24 (b) ~_co;  Fig. 33(b)

Modified Fifth Embodiment Modified Sixth Embodiment

80.  Step f) of claim 13 recites “etching the thin film [507, 557, 606, 656]
using the first resist pattern [5S08, 558, 607, 657] as a mask, thereby forming a
mask pattern [509, 559, 608, 658] out of the thin film to have the openings for
forming wiring grooves.”

81. Ibelieve that a person of ordinary skill in the art would have
understood that in the fifth embodiment, “the titanium nitride film 507 is dry-
etched using the first resist pattern 508 as a mask, thereby forming a mask pattern
509, having openings for forming wiring grooves, out of the titanium nitride film
507.” (696 patent at 23:27-32.)

82. Ibelieve that a person of ordinary skill in the art would have
understood that in the modified fifth embodiment, “the titanium nitride film 557 is
dry-etched using the first resist pattern 558 as a mask, thereby forming a mask
pattern 559, having openings for forming wiring grooves, out of the titanium

nitride film 557.” (°696 patent at 25:21-25.)
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83. Ibelieve that a person of ordinary skill in the art would have
understood that in the sixth embodiment, “the titanium nitride film 606 is dry-
etched using the first resist pattern 607 as a mask, thereby forming a mask pattern
608, having openings for forming wiring grooves, out of the titanium nitride film
606.” (’696 patent at 28:39-43.)

84. Ibelieve that a person of ordinary skill in the art would have
understood that in the modified sixth embodiment, “the titanium nitride film 656 is
dry-etched using the first resist pattern 657 as a mask, thereby forming a mask
pattern 658, having openings for forming wiring grooves, out of the titanium
nitride film 656.” (°696 patent at 30:39—-43.)

85.  Figures 21(c), 24(c), 30(c), and 33(c) of the *696 patent showing step
f) appear below. (’696 patent at 23:25-32, 25:19-25, 28:37-43, 30:36—43, Figs.

21(c), 24(c), 30(c), 33(c).)
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86. Step g) of claim 13 recites “removing the first resist pattern [S08, 558,
607, 657] and then forming a second resist pattern [510, 560, 609, 659] on the third
insulating film [506, 556, 605, 655] and the mask pattern [S09, 559, 608, 658], the
second resist pattern having openings for forming contact holes.”

87. Ibelieve a person of ordinary skill in the art would have understood
that in the fifth embodiment, “the first resist pattern 508 is removed.” (696 patent
at 23:33-34.) “Then, as shown in FIG. 22(b), a second resist pattern 510, having
openings for forming contact holes, is formed by lithography on the mask pattern
509.” (696 patent at 23:40-42.)

88. Ibelieve a person of ordinary skill in the art would have understood
that in the modified fifth embodiment, “the first resist pattern 558 is removed.”
(’696 patent at 25:26-27.) “Then, a second resist pattern 560, having openings for
forming contact holes, is formed by lithography on the mask pattern 559 as shown

in FIG. 25(b).” (696 patent at 25:27-35.)
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89. Ibelieve a person of ordinary skill in the art would have understood
that in the sixth embodiment “the first resist pattern 607 is removed.” (*696 patent
at 28:44-46.) “Then, as shown in FIG. 31(b), a second resist pattern 609, having
openings for forming contact holes, is formed by lithography on the mask pattern
608.” (’696 patent at 28:49-51.)

90. I believe a person of ordinary skill in the art would have understood
that in the modified sixth embodiment “the first resist pattern 657 is removed.”
(’696 patent at 30:44-46.) “Then, as shown in FIG. 34(b), a second resist pattern
659, having openings for forming contact holes, is formed by lithography on the
mask pattern 658.” (696 patent at 30:49-57.)

91. Figures 22(a), 22(b), 25(a), 25(b), 31(a), 31(b), 34(a), and 34(b)
showing step g) appear below. ("696 patent at 23:33-42, 25:26-35, 28:44-51,

30:44-57, Figs. 22(a), 22(b), 25(a), 25(b), 31(a), 31(b), 34(a), 34(b).)
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92.  Step h) of claim 13 recites “dry-etching the third insulating film [506,
556, 605, 655] using the second resist pattern [510, 560, 609, 659] and the mask
pattern [509, 559, 608, 658] as a mask, thereby patterning the third insulating film
to have the openings for forming contact holes.”

93. I believe a person of ordinary skill in the art would have understood

that regarding the fifth embodiment, the *696 patent states, “the second silicon
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dioxide film 506 is dry-etched using the second resist pattern 510 and the mask
pattern 509 as a mask, thereby forming a patterned second silicon dioxide film
506A having openings for forming contact holes as shown in FIG. 22(c).” ("696
patent at 23:42-46.)

94. Ibelieve a person of ordinary skill in the art would have understood
that in the modified fifth embodiment, “the second silicon dioxide film 556 is dry-
etched using the second resist pattern 560 and the mask pattern 559 as a mask,
thereby forming a patterned second silicon dioxide film 556 A having openings for
forming contact holes as shown in FIGS. 25(c) and 27(b).” (’696 patent at 25:36—
41.)

95. Ibelieve a person of ordinary skill in the art would have understood
that in the sixth embodiment, “the second organic film 605 is dry-etched using the
second resist pattern 609 and the mask pattern 608 as a mask, thereby forming a
patterned second organic film 605A having openings for forming contact holes as
shown in FIG. 31(c).” (’696 patent at 28:51-55.)

96. I believe a person of ordinary skill in the art would have understood
that in the modified sixth embodiment, “the second organic film 655 is dry-etched
using the second resist pattern 659 and the mask pattern 658 as a mask, thereby
forming a patterned second organic film 655A having openings for forming contact

holes as shown in FIG. 34(c).” (’696 patent at 30:58-62.)
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97.  Figures 22(c), 25(c), 27(b), 31(c), and 34(c) from the *696 patent
showing step h) appear below. ("696 patent at 23:42-46, 25:36-41, 28:51-55,

30:58-31:6, Figs. 22(c), 25(c), 27(b), 31(c), 34(c).)
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98.  Step i) of claim 13 recites “dry-etching the second insulating film

[505, 555, 604, 654] using the patterned third insulating film [SO6A, 556A, 605A,
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655A] as a mask, thereby patterning the second insulating film to have the
openings for forming contact holes.”

99. Ibelieve a person of ordinary skill in the art would have understood
that in the fifth embodiment, “the second organic film 505 is dry-etched using the
patterned second silicon dioxide film S06A as a mask, thereby forming a patterned
second organic film 505A having openings for forming contact holes as shown in
FIG. 23(a).” (696 patent at 23:47-51.)

100. I believe a person of ordinary skill in the art would have understood
that in the modified fifth embodiment, “the second organic film 555 is dry-etched
using the patterned second silicon dioxide film 556A as a mask, thereby forming a
patterned second organic film 555A having openings for forming contact holes as
shown in FIGS. 26(a) and 28(a).” (’696 patent at 25:66-26:3.)

101. I believe a person of ordinary skill in the art would have understood
that in the sixth embodiment, “the silicon dioxide film 604 is dry-etched using the
patterned second organic film 605A as a mask, thereby forming a patterned silicon
dioxide film 604 A having openings for forming contact holes as shown in FIG.
32(a).” (C696 patent at 29:1-5.)

102. I believe a person of ordinary skill in the art would have understood
that in the modified sixth embodiment, “the silicon dioxide film 654 is dry-etched

using the patterned second organic film 655A as a mask, thereby forming a
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patterned silicon dioxide film 654 A having openings for forming contact holes as
shown in FIG. 35(a).” (°696 patent at 31:7-11.)

103. Figures 23(a), 26(a), 28(a), 32(a), and 35(a) from the *696 patent
showing step i) appear below. (°696 patent at 23:47-51, 25:66-26:14, 29:1-5,

31:7-11, Figs. 23(a), 26(a), 28(a), 32(a), 35(a).)
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104. Step j) of claim 13 recites “dry-etching the patterned third insulating
film [SO6A, 556A, 605A, 655A] and the first insulating film [504, 554, 603, 653]
using the mask pattern [509, 559, 608, 658] and the patterned second insulating
film [S05A, 555A, 604A, 654A] as respective masks, thereby forming wiring
grooves and contact holes in the patterned third insulating film and the first
insulating film, respectively.”

105. I believe a person of ordinary skill in the art would have understood
that in the fifth embodiment, “the patterned second silicon dioxide film 506A and
the first silicon dioxide film 504 are dry-etched using the mask pattern 509 and the
patterned second organic film S05A as respective masks, thereby forming a
patterned second silicon dioxide film 506B having openings for forming wiring
grooves and a patterned first silicon dioxide film 504 A having openings for
forming contact holes as shown in FIG. 23(b).” (’696 patent at 23:66-24:6.)

106. I believe a person of ordinary skill in the art would have understood
that in the modified fifth embodiment, “the patterned second silicon dioxide film
556A and the first silicon dioxide film 554 are dry-etched using the mask pattern
559 and the patterned second organic film 555A as respective masks, thereby
forming a patterned second silicon dioxide film 556B having wiring grooves and a
patterned first silicon dioxide film 554 A having openings for forming contact holes

as shown in FIGS. 26(b) and 28(b).” (’696 patent at 26:15-22.)
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107. I believe a person of ordinary skill in the art would have understood
that in the sixth embodiment, “the patterned second organic film 605A and the first
organic film 603 are dry-etched using the mask pattern 608 and the patterned
silicon dioxide film 604 A as respective masks, thereby forming a patterned second
organic film 605B having wiring grooves 610 and a patterned first organic film
603 A having contact holes 611 as shown in FIG. 32(b).” (*696 patent at 29:6—12.)

108. I believe a person of ordinary skill in the art would have understood
that in the modified sixth embodiment, “the patterned second organic film 655A
and the first organic film 653 are dry-etched using the mask pattern 658 and the
patterned silicon dioxide film 654 A as respective masks, thereby forming a
patterned second organic film 655B having wiring grooves 660 and a patterned
first organic film 653 A having contact holes 661 as shown in FIG. 35(b).” ("696
patent at 31:12-18.)

109. Figures 23(b), 26(b), 28(b), 32(b), and 35(b) from the 696 patent
showing step j) appear below. (’696 patent at 23:66-24:6, 26:15-29, 29:6-12,

31:12-18, Figs. 23(b), 26(b), 28(b), 32(b), 35(b).)
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110. Step k) of claim 13 recites “filling in the wiring grooves and the
contact holes with a metal film, thereby forming upper-level metal interconnects
[513, 563, 612, 662] and contacts [514, 564, 613, 663] connecting the lower- and
upper-level metal interconnects together.”

111. Ibelieve a person of ordinary skill in the art would have understood
that in the fifth embodiment, “a metal film is deposited over the entire surface of
the substrate to completely fill in the contact holes 512 and the wiring grooves
S11.” (’696 patent at 24:22-24.) “As a result, second metal interconnects 513 and
contacts 514, connecting the first and second metal interconnects 501 and 513

together, are formed.” (’696 patent at 24:33-35, Fig. 23(d).)
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112. I believe a person of ordinary skill in the art would have understood
that in the modified fifth embodiment, “a metal film is deposited over the entire
surface of the substrate to completely fill in the contact holes 562 and the wiring
grooves 561.” (’696 patent at 26:38—41.) “As a result, second metal interconnects
563 and contacts 564, connecting the first and second metal interconnects 551 and
563 together, are formed.” (*696 patent at 26:44-47, Fig. 26(d).)

113. I believe a person of ordinary skill in the art would have understood
that in the sixth embodiment, “a metal film is deposited over the entire surface of
the substrate to completely fill in the contact holes 611 and the wiring grooves
610.” (’696 patent at 29:24-26.) “As a result, second metal interconnects 612 and
contacts 613, connecting the first and second metal interconnects 601 and 612
together, are formed.” ("696 patent at 29:35-38, Fig. 32(c).)

114. I believe a person of ordinary skill in the art would have understood
that in the modified sixth embodiment, “a metal film is deposited over the entire
surface of the substrate to completely fill in the contact holes 661 and the wiring
grooves 660.” (’696 patent at 31:30-32.) “As a result, second metal interconnects
662 and contacts 663, connecting the first and second metal interconnects 651 and

662 together, are formed.” (’696 patent at 31:41-44, Fig. 35(c).)
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115. Figures 23(d), 26(d), 32(c), and 35(c) from the *696 patent showing
step k) appear below. ("696 patent at 24:22-24, 26:30-47, 29:24-39, 31:19-44,

Figs. 23(d), 26(d), 32(c), 35(c).)
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2. Claim 15

116. Claim 15 depends from claim 13 and further recites that “a size of the
openings of the second resist pattern for forming contact holes is larger than a
designed size of the contact holes in a direction vertical to a direction in which the
upper-level metal interconnects extend.”

117. Ibelieve a person of ordinary skill in the art would have understood
that in the fifth embodiment, “as shown in FIG. 22(b), second resist pattern 510,

having openings for forming contact holes, is formed by lithography on the mask
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pattern 509.” (’696 patent at 23:40—42, Fig. 22(b).) A person of ordinary skill in
the art would have understood that the opening in the second resist pattern 510 is
the designed size of the contact holes. A person of ordinary skill in the art would
have understood that Figure 22(b) shows the width of this designed size of the
contact holes to be smaller than the width of the wiring groove in mask pattern
509.

118. I believe a person of ordinary skill in the art would have understood
that in the modified fifth embodiment, “the sizes of the openings of the second
resist pattern 560 for forming contact holes are set larger than designed sizes of the
contact holes in respective directions vertical and parallel to wiring grooves for
forming second metal interconnects.” (*696 patent at 25:42-46, 25:26-65, 26:12—
60, Figs. 25(b), 27(b), 36, 37(a).)

119. I believe a person of ordinary skill in the art would have understood
that in the sixth embodiment, “as shown in FIG. 31(b), second resist pattern 609,
having openings for forming contact holes, is formed by lithography on the mask
pattern 608.” (*696 patent at 28:49-51, Fig. 31(b).) A person of ordinary skill in
the art would have understood that the opening in the second resist pattern 609 is
the designed size of the contact holes. A person of ordinary skill in the art would

have understood that Figure 31(b) shows the width of this designed size of the
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contact holes to be smaller than the width of the wiring groove in mask pattern
609.

120. I believe a person of ordinary skill in the art would have understood
that in the modified sixth embodiment, “the sizes of the openings of the second
resist pattern 659 for forming contact holes are set larger than designed sizes of the
contact holes in respective directions vertical and parallel to the wiring grooves for
forming second metal interconnects.” (’696 patent at 30:52-56, 31:49-32:6, Figs.
34(b), 27(b), 36, 37(a).)

121. I therefore believe that a person of ordinary skill in the art would have
understood that claim 15 reads on the modified fifth and modified sixth
embodiments of the ’696 patent, but not the fifth or sixth embodiments. Figures
22(b), 25(b), 31(b), 34(b), and 27(b) from the *696 patent showing claim 15 appear
below. ("696 patent at 23:40-42, 25:26-65, 26:12-60, 28:49-51, 30:52-56,

31:49-32:6, Figs. 22(b), 25(b), 31(b), 34(b), 27(b), 36, 37(a).)

Fig.31(b)

Fig. 22 (b)

Fifth Embodiment Sixth Embodiment

45

Page 48 of 137



560 T 659
=it N = R R 559 :-':-i-::': ’ " i 6 58
= =
- _\_.
: 551  Fig. 34(b) I F:
A -o02 L T
T~ 5;0 650
Modified Fifth Embodiment Modified Sixth Embodiment

Fig. 27(b)

Modified Fifth Embodiment

B. Japanese Patent Application No. 10-079371 does not disclose
many elements of claims 13 and 15

122. In my opinion, a person of ordinary skill in the art would not have
understood the *371 application to disclose all of the limitations of the challenged
claims.

123. In my opinion, the *371 application only describes the first, second,
third, modified third, and fourth embodiments of the *696 patent. (Compare *371
application at 00280062, Figs. 1(a)-8(c), with 696 patent at 10:22—-14:56, Figs.
1(a)-8(c); compare 371 application at {J0063-0074, Figs. 9(a)-11(c), with 696

patent at 14:58—16:38, Figs. 9(a)-11(c); compare 371 application at {J0075-0088,
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Figs. 12(a)-14(c), with 696 patent at 16:39-18:58, Figs. 12(a)-14(c); compare
’371 application at f0089-0102, Figs. 15(a)-17(c), with *696 patent at 18:59—
20:49, Figs. 15(a)-17(c); compare *371 application at {0103-0115, Figs. 18(a)—
20(c), with 696 patent at 20:51-22:44, Figs. 18(a)-20(c).)

124. The ’371 application does not include Figures 21(a)-37(b) or claims
13 and 15, which relate to the fifth, modified fifth, sixth, and modified sixth
embodiments of the 696 patent. (*371 application at [Claim 1]-[Claim 9], [Figure
1]-[Figure 20].) As explained above, these claims are directed to the fifth,
modified fifth, sixth, and modified sixth embodiments of the *696 patent. In my
opinion, these claims do not cover any of the first, second, third, variant of the
third, and fourth embodiments of the *371 application. The related descriptions,
figures, and claims directed to the fifth, modified fifth, sixth, and modified sixth
embodiments were newly added in Japanese Patent Application No. 11-075519
(“the 519 application”) and the application for the 696 patent. (Compare 519
application at [Claim 9]—[Claim 15], {0124-0201; File History of the *696 patent
at 12549, 154-58.)

125. In my opinion, a person of ordinary skill in the art would have
understood that the first, second, and fourth embodiments of the *371 application

do not disclose step g) of claim 13.
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126. Step g) of claim 13 recites, “removing the first resist pattern and then
forming a second resist pattern on the third insulating film and the mask pattern,
the second resist pattern having openings for forming contact holes.”

127. In my opinion, person of ordinary skill in the art would have
understood that the first, second, and fourth embodiments of the 371 application
do not disclose “removing the first resist pattern and then forming a second resist
pattern.” The 371 application states the opposite. It explicitly states that “the
second resist pattern 109 is formed without removing the first resist pattern 107.”
(’371 application at 0043, Fig. 1(c); 696 patent at 11:13-16, Fig. 1(c).) The same
is equally true of the other variations of the first embodiment and the second and
fourth embodiments. (*371 application at {0050, 0056, 0068, 0107, Figs. 5(a),
7(a), 9(c), 18(c); 696 patent at 13:5-8, 13:60-63, 15:38-41, 21:30-33, Figs. 5(a),
7(a), 9(c), 18(c).) Figure 1(c) of the 371 application, which, in my opinion, a
person of ordinary skill in the art would have understood shows the formation of
the second resist pattern (red) without removing the first resist pattern (green),
appears below. Figures 5(a), 7(a), 9(c), and 18(c) of the *371 application show the

same.
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128. In my opinion, a person of ordinary skill in the art would have
understood that the third, variant of the third, and fourth embodiments of the 371
application do not disclose step h) of claim 13.

129. Step h) of claim 13 recites “dry-etching the third insulating film using
the second resist pattern and the mask pattern as a mask, thereby patterning the
third insulating film to have the openings for forming contact holes.”

130. In my view, to map the third embodiment of the 371 application to
claim 13, the third insulating film would have to be either layer 304 or layer 305.
Otherwise, the claimed layer stacking sequence would not be possible.

131. The third embodiment of the *371 application states that “the second
organic constituent-incorporated silicon dioxide film 305, the low-dielectric-
constant SOG film 304 and the first organic constituent-incorporated silicon
dioxide film 303 are sequentially dry-etched using the second resist pattern 309 as
a mask.” (’371 application at 0079, Fig. 13(b).) Thus, in my opinion, the mask
pattern 308 is not disclosed as a mask for this step.
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132. In my view, to map the variant of the third embodiment of the 371
application to claim 13, the third insulating film would also have to be layer 355.
Otherwise, a person of ordinary skill in the art would have understood that step )
of claim 13 would not be met.

133. The variant of the third embodiment of the 371 application states that
“the second silicon dioxide film 355 and the organic film 354 are sequentially dry-
etched using the second resist pattern 359 as a mask.” (371 application at 0093,
Fig. 16(b).) In my opinion, the mask pattern 358 is not disclosed as a mask for this
step.

134. In my view, to map the fourth embodiment of the *371 application to
claim 13, the third insulating film would also have to be layer 405. Otherwise, a
person of ordinary skill in the art would have understood that step j) of claim 13
would not be met.

135. The fourth embodiment of the 371 application states that “the second
low-dielectric-constant SOG film 405 and the organic constituent-incorporated
silicon dioxide film 404 are sequentially dry-etched using the second resist pattern
409 as a mask.” (’371 application at 0107, Fig. 19(a).) In my opinion, the mask
pattern 408 is not disclosed as a mask for this step.

136. Accordingly, in my opinion, a person of ordinary skill in the art would

have understood that the third, variant of the third, and fourth embodiments of the
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’371 application do not disclose step 1) of claim 13. This is shown below in

Figures 13(b) and 19(a) of the 371 application.
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137. Step i) of claim 13 similarly recites, “dry-etching the second
insulating film using the patterned third insulating film as a mask, thereby
patterning the second insulating film to have the openings for forming contact
holes.”

138. In my opinion, a person of ordinary skill in the art would have
understood that the fourth embodiment fails to teach “dry-etching the second
insulating film using the patterned third insulating film as a mask.” In the fourth
embodiment of the 371 application, the second insulating film [404] is etched
using the second resist pattern [409] as a mask, as shown in Fig. 19(a), reproduced
below. (371 application at 0107, Fig. 19(a).) The *371 application states that
“the second low-dielectric-constant SOG film 405 and the organic constituent-
incorporated silicon dioxide film 404 are sequentially dry-etched using the second

resist pattern 409 as a mask.” (’371 application at 0107, Fig. 19(a).) In my
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opinion, patterned second low-dielectric-constant SOG 405A is not disclosed as a

mask for this step.
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139. In my opinion, a person of ordinary skill in the art would have
understood that the third and variant of the third embodiments also fail to disclose
all the limitations of claim 13. Like the fourth embodiment, they do not disclose at
least “dry-etching the second insulating film using the patterned third insulating
film as a mask.” In my opinion, both the third and variant of the third
embodiments etch the second insulating film [304, 354] using the second resist
pattern [309, 359] as a mask, as shown in Fig. 13(b) below. In the third
embodiment of the *371 application, “[T]he second organic constituent-
incorporated silicon dioxide film 305, the low-dielectric-constant SOG film 304
and the first organic constituent-incorporated silicon dioxide film 303 are
sequentially dry-etched using the second resist pattern 309 as a mask.” (*371
application at 0079, Fig. 13(b).) In the variant of the third embodiment, “[T]he

second silicon dioxide film 355 and the organic film 354 are sequentially dry-
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etched using the second resist pattern 359 as a mask.” (371 application at 0093,
Fig. 16(b).) In my opinion, the patterned second organic constituent-incorporated
silicon dioxide film 305A is not disclosed as a mask during this etch step. (371
application at §0079.) Additionally, it is my opinion that the patterned second
silicon dioxide film 355A is not disclosed as a mask during this etch step. ("371

application at §0093.)
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140. Because of these deficiencies at least, it is my opinion that a person of
ordinary skill in the art would not have found the *371 application to adequately
describe the Challenged Claims.

VIIIL. Level of Ordinary Skill in the Art

141. In determining the qualifications of a person of ordinary skill in the
art, I have been told that factors to consider in in determining the level of ordinary
skill in the art may include type of problems encountered in the art, solutions to
those problems in the art, speed with which innovations are made in the art, the
sophistication of the technology and the educational level of active workers in the

field. The field of semiconductors and interconnects is fast-moving and the
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technology is very sophisticated, so based on my experience in this field when the
"696 application was filed, such a person would have had (1) the equivalent of a
Master of Science degree from an accredited institution in electrical engineering,
materials science, physics, or the equivalent; (2) a working knowledge of
semiconductor processing technologies for integrated circuits; and (3) at least two
years of experience in related semiconductor processing analysis, design, and
development. Additional graduate education could substitute for professional
experience, and significant work experience could substitute for formal education.

IX. Claim Construction

142. T have been told that in district court, claim terms are given their
ordinary and accustomed meaning as understood by a person of ordinary skill in
the art as of the applicable priority date. I have also been told that a claim in an
unexpired patent in inter partes review generally receives the “broadest reasonable
construction in light of the specification of the patent in which it appears.” T have
used these guidelines in explaining how a person of ordinary skill in the art would
interpret any contested claims.

X.  Analysis

143. Based on my personal experience at the time and my review of the
prior art, it is my opinion that the methods claimed by the 696 patent were known

in the art.
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A.  Grill (U.S. Patent No. 6,140,226)

144. Grill discloses “methods to fabricat[e] multilevel interconnect
structures in semiconductor chips by a Dual Damascene process in which dual
relief cavities formed in a dielectric are filled with conductive material to form the
wiring and via levels.” (Grill at Abstract, 7:16-30.).

145. 1In one embodiment, the structure of Fig. SA is formed first, followed
by patterning a first photoresist layer [60], as shown in Fig. 5B. (Grill at 7:30-44.)
As a person of ordinary skill in the art would have understood, this
photolithography defines what will become the wiring (i.e., trench) level of the

interconnection.

4—Conductive Via

: : 7—Dielectric Passivation/Adhesion Layer
8—Via Level Dielectric 10—Dielectric Etch Stop Layer

12—Wiring Level Dielectric 56—Lower Hard Mask Layer
58—Upper Hard Mask Layer 60—First Photoresist Layer

146. Next, an etch transfers the photoresist pattern [60] into the upper hard

mask layer [58], as shown in Fig. 5C. (Grill at 7:45-50.) The first layer of
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photoresist [60] is then removed, and a second layer of photoresist [62] is patterned
to define what will become the via (i.e., contact) level of the interconnection, as

shown in Fig. 5D. (Grill at 7:51-55.)

Fig. 5C Fig. 5D
62

2—Semiconductor Base 4—Conductive Via

— Diebectric | setian Livy 7—Dielectric Passivation/Adhesion Layer
8—Via Level Dielectric 10—Dielectric Etch Stop Layer
12—Wiring Level Dielectric 56—Lower Hard Mask Layer

58—Upper Hard Mask Layer 62—Second Photoresist Layer

147. As shown in Figure SE, the next step is an etch to transfer the
photoresist pattern [62] into the lower hard mask layer [56]. (Grill at 7:57-61.)
This pattern is then transferred into layer [12] by another etch, which also removes

the second photoresist layer [62] (as shown in Fig. SF). (Grill at 7:62-66.)

2—Semiconductor Base 4—Conductive Via
6—Dielectric Passivation Laye 7—Dielectric Passivation/Adhesion Layer
8—Via Level Dielectric 10—Dielectric Etch Stop Layer
12—Wiring Level Dielectric 56—Lower Hard Mask Layer
58—Upper Hard Mask Layer 62—Second Photoresist Layer
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148. Another etch is then performed to remove the exposed portions of
both the lower hard mask [56] and etch stop layer [10], as shown in Figure 5G.
(Grill at 7:67-8:2.) A further etch removes the exposed portions of dielectric
layers 8 and 12, as shown in FIG. SH. (Grill at 8:2-5.) A final etch removes the
exposed portions of dielectric layer 7, which may also remove the exposed portions
of the etch stop [10] to form the dual-relief cavity of Fig. 1J. (Grill at 4:61-64,

8:5-8.)

2—Semiconductor Base 4—Conductive Via

5—Dielectric Passivation Layer 7—Dielectric Passivation/Adhesion Layer
8—Via Level Dielectric 10—Dielectric Etch Stop Layer
12—Wiring Level Dielectric 56—Lower Hard Mask Layer

58—Upper Hard Mask Layer

57

Page 60 of 137



2—Semiconductor Base

8—Via Level Dielectric
12—Wiring Level Dielectric
58—Upper Hard Mask Layer

4—Conductive Via

7—Dielectric Passivation/Adhesion Layer
10—Dielectric Etch Stop Layer
56—Lower Hard Mask Layer

149. The cavity is filled with conductive material [22], as shown in Fig.

1K, and planarized by a chemical-mechanical polishing (CMP) process, as shown

in Figure 1L. (Grill at 4:64-5:8, 8:5-8.) Hard mask 14 (which is analogous to

lower hard mask 56 and upper hard mask 58) may remain in the final structure

even though not shown in Figure 1L. (Grill at 5:5-8.)

Fig. 1L

2—Semiconductor Base

*assivation Laye:

8—Via Level Dielectric
12—Wiring Level Dielectric
22—Wiring Level
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4—Conductive Via

7—Dielectric Passivation/Adhesion Layer
10—Dielectric Etch Stop Layer
14/56—Hard Mask Layer
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150. This is the only illustration of the described embodiment. Grill also
states that layer 7 is optional, as is etch stop layer 10. (Grill at 4:1-5, 4:61-63.)
Modified Figures 5H' and 1L"" below illustrate how I believe a person of ordinary
skill in the art would understand the alternative embodiment in which optional

layer 7 is not used.

6
conductor Base 4—Conductive Via
£ ne ssivation L 8—Via Level Dielectric
10—Dielectric Etch Stop Layer 12—Wiring Level Dielectric
56—Lower Hard Mask Layer 58—Upper Hard Mask Layer
Fig. 1L
< b6

~12
10

8
A 6
2
2 —Semiconductor Base 4—Conductive Via
6—Dielectric Passivation Laye 8—Via Level Dielectric
10—Dielectric Etch Stop Layer 12—Wiring Level Dielectric
14/56—Hard Mask Layer 22—Wiring Level

' The prime or apostrophe in a figure number means it is one that is modified

slightly from the corresponding patent.
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151. In this alternative embodiment without optional layer 7, the etching
step of Figure 1J (Grill at 4:61-64) is unnecessary because the conductive via is
opened during the etch step of Figure SH'. A person of ordinary skill in the art
would have understood that etch stop 10 is a very thin layer that does not
contribute significantly to the RC time constant (the product of the circuit line
resistance and capacitance) of the resulting circuit interconnect if it is left in place.
Thus, there is no need to etch layer 10 for purposes to reduce the RC time constant
of the interconnect. Furthermore, a person of ordinary skill in the art would have
understood that etching etch stop layer 10 with the conductive via exposed could
damage the underlying conductive via. Accordingly, a person of ordinary skill in
the art would have known that it was preferable not to perform the etch step of
Figure 1J when optional layer 7 is not present.

152. Additionally, a hard mask layer is shown in Figure 11" above, which
Grill teaches is an option. (Grill at 5:5-8.) A person of ordinary skill in the art
would have understood that this allows the hard mask to serve as an etch stop

during CMP, thereby protecting the trench level low-k dielectric layer.

® Alternatively, even if the optional passivation/adhesion layer [7] is used, a
person of ordinary skill in the art would have understood that in many cases it is
desirable not to etch the etch stop layer [10] when the passivation/adhesion layer

[7] is etched. (Zhao, 6:25-29, 6:62-7:2, 7:15-18, 7:55-65, Fig. 10.)

60

Page 63 of 137



153. It is also my opinion that at least claim 28 of Grill is supported by its
provisional application, U.S. Provisional Patent Application No. 60/071,628, as
detailed in Appendix B. The disclosures of the *628 application that demonstrate
the unpatentability of the challenged claims are at pages 14, 6, and 7 and Figures
SA-5H, 1J-1L of the *628 application.

B. Aoyama (U.S. Patent No. 5,592,024)

154. Aoyama discloses a damascene interconnect formation process in
which the opening in the via resist pattern is wider than the wiring groove.
(Aoyama at 15:48-51, 16:3-5, Figs. 18A-18C, 19A-19B.)

155. Aoyama explains a problem relating to photomask misalignment. If
the photomask is misaligned when defining the photoresist layer to have the
“through-hole” (via) pattern, the via can be smaller than desired and the wiring
groove to be wider than desired (at the location of the via). (Aoyama at 3:18-21,
3:29-32, Figs. 5B, 5D (shown below).) This leads to an increase in contact
resistance, degradation in reliability, and problems for increasing integration

density. (Aoyama at 3:33-38, 6:7-14.)
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156. Aoyama teaches a solution to this problem. Aoyama teaches a via
resist pattern with a through-hole wider than the wiring groove. (Aoyama at 16:3—
S, Figs. 18B, 19A (each shown below).) The width of the wiring groove, not the
opening in the via level photoresist, then defines the width of the via. (Aoyama at
Figs. 19A, 19B.) That way, even when some misalignment occurs, the via will
have the correct width, as defined by the wiring groove. (Aoyama at 16:14-16,

Figs. 18B, 19B (shown below).)

Resist Pattern

Through-Hole Resist Pattern gt:)s:;‘ti:gatternw Through-Hole
. _——— Opening \ 48
/ //—47 .
gl 4 e ]}
28 [ A N
\/ / / R

4/‘“ FIG. 19A L__

FI1G. 19B

F16G. 188 Wiring Groove
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C. The combination of Grill and Aoyama

157. In my opinion, the combination of Grill and Aoyama is very similar to
the modified fifth embodiment of the *696 patent. I believe that a person of
ordinary skill in the art would have understood that the disclosed embodiment of
Grill at 4:60-5:8 and 7:16-8:8, without optional layer 7, when combined with the
certain teachings of Aoyama, meets every limitation of claims 13 and 15 and
renders them obvious.

158. Grill addresses the problem of “lithographic rework” when the via and
wiring patterns are misaligned due photolithography errors. (Grill at 2:26-38.)
People of ordinary skill in the art understood that organic and other low-k
dielectric materials may have similar etch characteristics to photoresist such that
stripping a photoresist pattern might damage the underlying dielectric. (Grill at
2:26-32.) Grill discloses a solution to this problem of using two hard masks on
top of the wiring-level dielectric. (Grill at 2:64-3:6, Fig. SA.) This ensures
alignment of both via and wiring levels is completed and transferred into the thin
films on the surface of the device before the underlying inter-level dielectrics are
ever uncovered. (Grill at 2:64-3:1.) Figures 2B and 2C of Grill below show how
stripping misaligned photoresist 28 can damage inter-layer dielectric 12 and make

it difficult to control the via dimension. (Grill at 5:13-33.)
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159. Aoyama solves a related misalignment problem. People of ordinary
skill in the art understood that misalignment of the photomask during via formation
can cause the via dimensions to be too small and the wiring dimensions to be too
large is the edge of the via pattern overlaps the patterned wiring groove. (Aoyama
at 3:18-21, 3:29-32.) This is shown in Figures 5B and 5D of Aoyama below.
(Compare Aoyama at Fig. 5B with Grill at Fig. 2B.) People of ordinary skill in the
art also understood that such misalignment leads to an increase in contact
resistance, degradation in reliability, and difficulty in achieving higher integration

density. (Aoyama at 3:33-38, 6:7-14.)
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160. Aoyama discloses a solution to this misalignment problem. Aoyama
discloses using a via opening that is wider than the wiring groove. (Aoyama at
16:3-5, Figs. 18B, 19A (each shown below).) The added width to the via pattern
increases misalignment tolerance, because the width of the via is defined by the
width of the wiring groove, not the via pattern. (Aoyama at 16:14-16.) Therefore,
a via having the same width as the wiring groove is formed even when misaligned.

(Aoyama at 16:14-16, Figs. 18B, 19B (shown below).)
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161. A person of ordinary skill in the art would have understood that
Aoyama does not completely eliminate the possibility of a misaligned photomask.
For example, a wider via opening in the photomask provides increased

misalignment tolerance, but it does not guarantee proper alignment. The
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misalignment in Aoyama’s Figure 5D is still possible even with the wider pattern
shown in Figure 19A. The difference is that a greater degree of misalignment is
required before the problem occurs. A person of ordinary skill in the art would
have understood that the misalignment error explained in Aoyama would occur
with less frequency but that it could still occur.

162. A person of ordinary skill in the art would have appreciated that
Grill’s and Aoyama’s solutions complement one another in addressing the problem
of misalignment in semiconductor damascene processes. When misalignment
occurs, Grill’s structure enables rework without fear of damaging any of the inter-
level dielectrics. (Grill at 2:26-38.) Moreover, the wider via pattern of Aoyama
reduces instances of misalignment, which reduces the need for Grill’s rework.
Accordingly, a person of ordinary skill in the art would have understood that the
combiation of Grill and Aoyama reduces instances of misalignment and permits
rework when misalignment occurs.

163. A person of ordinary skill in the art also would have found it obvious
that combining Grill’s two hard masks with Aoyama’s widened via pattern would
not require modification of the Grill process. A person of ordinary skill in the art
also would have understood that nothing about the width of the via pattern in
Aoyama affects the dual-hard mask structure of Grill, and nothing about the dual-

hard mask structure of Grill affects the width of the via pattern in Aoyama. The
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via-level mask pattern and the dual hard mask structure are independent but easily
and obviously combinable.

164. Again, a person of ordinary skill in the art would have understood that
the combination of Aoyama and Grill predictably reduces instances of
misalignment and permits lithographic rework when misalignment does occur. A
person of ordinary skill in the art would have understood that combination of Grill
and Aoyama therefore avoids the problems of increased contact resistance,
degraded reliability, and damaged inter-layer dielectrics, and lower integration
density. (Grill at 2:26-38, 2:64-3:6, 5:13-33; Aoyama at 3:33-38, 6:7-14.)

165. In my opinion, the combination of Grill and Aoyama is a combination
of familiar elements according to known methods to yield predictable results. It is
also my opinion that the combination of Grill and Aoyama constitutes the use of
known techniques to improve similar devices, methods, or products in the same
way. Itis also my opinion that the combination of Grill and Aoyama constitutes an
application of known techniques to known devices, methods, or products ready for
improvement to yield predicatble results.

D. Grill and Claim 13

166. The preamble of claim 13 recites “[a] method for forming an

interconnection structure.”
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167. Grill is titled “Dual Damascene Processing for Semiconductor Chip
Interconnects.” It discloses “methods to fabricat[e] multilevel interconnect
structures in semiconductor chips by a Dual Damascene process in which dual
relief cavities formed in a dielectric are filled with conductive material to form the
wiring and via levels.” (Grill at Abstract, 1:12-15, 7:16-30, Fig. 1L; 696 patent
at Abstract, Fig. 3(c).)

168. In view of these disclosures, I believe that a person of ordinary skill in
the art would have understood that Grill discloses “[a] method for forming an
interconnection structure.”

169. Claim 13 recites “forming a first insulating film over lower-level
metal interconnects.”

170. Grill discloses “dielectric etch stop layer 10,” which “might be a
silicon-containing material such as Si02, Si3N4, SiOxNy, SiCOH compounds,
silicon-containing DL.C (SiDLC), etc.” (Grill at 4:1-13.) Based on this disclosure,
[ believe a person of ordinary skill in the art would have understood that the
disclosed etch stop layer [10] is an insulating film. A person of ordinary skill in
the art would have understood that all of these dielectric materials are electrical
insulators.

171. Further, Grill discloses a “conductive via 4,” which is “formed in the

interlevel dielectric to provide interlevel contacts between the wiring traces.”
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(Grill at 1:25-27, 3:60-67, Fig. SA.) As shown by Figure 5A below, I believe a
person of ordinary skill in the art would have understood that the etch stop [10] is
located over the conductive via [4]. (Grill at Fig. SA.) Figure 21(a) from the fifth

embodiment of the 696 patent is shown below for comparison.

Fig. 5A
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172. Based on these disclosures, I believe a person of ordinary skill in the
art would have understood that Grill discloses “forming a first insulating film over
lower-level metal interconnects.”

173. Claim 13 recites “forming a second insulating film, having a different
composition than that of the first insulating film, over the first insulating film.”

174. Grill discloses “via level dielectric 8,” which “might be carbon-based
materials such as DLC or fluorinated DL.C (FDLC), SiCO or SiCOH compounds,
or organic or inorganic polymer dielectrics.” (Grill at 4:1-13.) Based on this
disclosure, I believe a person of ordinary skill in the art would have understood

that the disclosed via level dielectric [8] is an insulating film. A person of ordinary
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skill in the art would have understood that all of these dielectric materials are
electrical insulators.

175. Grill also teaches that the etch stop [10] “might be a silicon-
containing material such as SiO2, Si3N4, SiOxNy, SiCOH compounds, silicon-
containing DLC (SiDLC), etc.” Grill therefore teaches a wiring level dielectric 12
and etch stop 10 having different compositions (e.g., FDLC and SiOxNy,
respectively). (Grill at 4:1-13.) As shown in Figure 5A below, I believe a person
of ordinary skill in the art would have understood that the wiring level dielectric
[12] is located over the etch stop [10]. (Grill at Fig. SA.) Figure 21(a) from the

fifth embodiment of the *696 patent is shown below for comparison.

Fig. 5A
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176. Based on these disclosures, I believe a person of ordinary skill in the
art would have understood that Grill discloses “forming a second insulating film,
having a different composition than that of the first insulating film, over the first

insulating film.”
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177. Claim 13 recites “forming a third insulating film, having a different
composition than that of the second insulating film, over the second insulating
film,” which Grill teaches.

178. Grill discloses “lower hard mask layer 56,” which is “preferably
formed from different materials which have different etch properties from . . . the
dielectric underlayer[] 12.” (Grill at 7:31-35, 4:1-13, 7:38—42.) “[S]uitable hard
mask materials may include SiO2-based materials, other oxides, nitrides other than
Si3N4, carbon-based dielectrics, SiC-based dielectrics, polycrystalline silicon,
amorphous hydrogenated silicon, and metals.” (Grill at 7:38—42.) Based on these
disclosures, I believe a person of ordinary skill in the art would have understood
that the lower hard mask layer [56] is an insulating film having a different
composition than the wiring level dielectric [12]. A person of ordinary skill in the
art would have understood that many of these materials are electrical insulators.

179. As shown in Grill’s Figure SA below, a person of ordinary skill in the
art would have understood that the lower hard mask layer [56] is located over the
wiring level dielectric [12]. (Grill at, Fig. SA.) Figure 21(a) from the fifth

embodiment of the 696 patent is shown below for comparison.
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180. Based on these disclosures, I believe a person of ordinary skill in the

art would have understood that Grill discloses “forming a third insulating film,
having a different composition than that of the second insulating film, over the
second insulating film.”

181. Claim 13 recites “forming a thin film over the third insulating film.”

182. Grill discloses “upper hard mask layer 58,” which “might be formed
from S102.” (Grill at 7:31-35.) “Other suitable hard mask materials may include
Si02-based materials, other oxides, nitrides other than Si3N4, carbon-based
dielectrics, SiC-based dielectrics, polycrystalline silicon, amorphous hydrogenated
silicon, and metals.” (Grill at 7:38—42.) In one example, Grill states that the upper
hard mask layer “might be formed from a 40 nm thickness of Si3N4.” (Grill at
8:29-31.) I believe a person of ordinary skill in the art would have understood that
the upper hard mask layer [58] is a thin film.

183. As shown in Grill’s Figure SA below, I believe a person of ordinary

skill in the art would have understood that the upper hard mask layer [58] is
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located over the lower hard mask layer [56]. (Grill at Fig. SA.) Figure 21(a) from

the fifth embodiment of the 696 patent is shown below for comparison.
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184. Based on these disclosures, I believe a person of ordinary skill in the
art would have understood that Grill discloses “forming a thin film over the third
insulating film.”

185. Claim 13 recites “forming a first resist pattern on the thin film, the
first resist pattern having openings for forming wiring grooves.” Grill states, “A
first resist layer 60, patterned with a first (wiring level) pattern, is formed on layer
58.” (Grill at 7:42-44, Fig. 5B.) This is shown in Grill’s Figure 5B below. I
believe a person of ordinary skill in the art would have understood the first resist
layer [60] is located on the upper hard mask layer [58], and its opening
corresponds to a wiring groove (i.e., Grill’s “wiring level” pattern). Figure 21(b)

from the fifth embodiment of the 696 patent is shown below for comparison.
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186. Based on these disclosures, I believe a person of ordinary skill in the

art would have understood that Grill discloses “forming a first resist pattern on the
thin film, the first resist pattern having openings for forming wiring grooves.”

187. Claim 13 recites “etching the thin film using the first resist pattern as
a mask, thereby forming a mask pattern out of the thin film to have the openings
for forming wiring grooves.”

188. Grill states that “[t]he pattern of resist layer 60 [i.e., the wiring level
pattern] is transferred into upper hard mask layer 58 by an etching process.” (Grill
at 7:42-47, Fig. 5C.) Grill’s Figure 5C below shows this. A person of ordinary
skill in the art would have understood that the resist layer [60] masks the upper
level hard mask [58] and that the aperture of the openings in upper level hard mask
[58] correspond to the wiring grooves (i.e., Grill’s “wiring level” pattern). Figure

22(a) from the fifth embodiment of the *696 patent is shown below for comparison.
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189. Based on these disclosures, I believe a person of ordinary skill in the
art would have understood that Grill discloses “etching the thin film using the first
resist pattern as a mask, thereby forming a mask pattern out of the thin film to have
the openings for forming wiring grooves.”

190. Claim 13 recites “removing the first resist pattern and then forming a
second resist pattern on the third insulating film and the mask pattern, the second
resist pattern having openings for forming contact holes.”

191. Grill states that “[p]atterned resist layer 60 is then removed by a
process such as ashing or wet chemical etching, and a second resist layer 62,
patterned with a second (via level) pattern, is then formed on the structure.” (Grill
at 7:51-55, Fig. 5D.) Grill’s Figure 5D shows this below. I believe a person of
ordinary skill in the art would have understood that the second resist layer [62] is
formed on both the lower hard mask layer [56] and the mask pattern [58]. (Grill at
7:51-55, Fig. 5D) Figure 22(b) from the fifth embodiment of the 696 patent is

shown below for comparison.
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192. Based on these disclosures, I believe a person of ordinary skill in the

e

art would have understood that Grill discloses “removing the first resist pattern and
then forming a second resist pattern on the third insulating film and the mask
pattern, the second resist pattern having openings for forming contact holes.”

193. Claim 13 recites “dry-etching the third insulating film using the
second resist pattern and the mask pattern as a mask, thereby patterning the third
insulating film to have the openings for forming contact holes.”

194. Grill states, “The pattern of resist layer 62 [i.e., the via level pattern]
is then transferred into lower hard mask layer 56.” (Grill at 7:57-61, Fig. S5E.)
Grill’s Figure SE below shows this. Based on the description in the 696 patent, I
believe a person of ordinary skill in the art would have understood that the resist
layer [62] and the upper level hard mask [58] mask the lower hard mask [56]
during etching in the manner described in the *696 patent. Figure SE of Grill is

shown below to illustrate this disclosure. Grill’s disclosure is identical to the fifth
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embodiment of the *696 patent in this regard, which states that “the second silicon
dioxide film 506 is dry-etched using the second resist pattern 510 and the mask
pattern 509 as a mask, thereby forming a patterned second silicon dioxide film
506A having openings for forming contact holes as shown in FIG. 22(c).” ("696
patent at 23:42-46.) Figure 22(c) from the fifth embodiment of the 696 patent is

also shown below for comparison.
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195. I also believe that a person of ordinary skill in the art would have

understood that the lower hard mask layer [56] has openings for forming contact
holes (since it is the via level pattern).

196. Additionally, a person of ordinary skill in the art would have
understood that the second resist pattern [62] is transferred into the lower hard
mask layer [56] by dry etching. Layer 56 may be Si3Ny, for example (Grill at
7:34-37), and the etch shown in Figures 5D and 5E is anisotropic to preserve the

dimensions of the via level pattern (avoiding the problem of Figure 2C, for
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example). The silicon nitride film here is not a single-crystal material. It is
typically amorphous, meaning that it has no crystalline order. Anisotropic wet
etches work by exploiting chemical differences along different directions of a
crystal lattice. When no such directionality exists in a material, the wet etch is
isotropic. Dry etches, however, tend to be highly directional regardless of the
etchant. Thus, a person of ordinary skill in the art would have understood that an
anisotropic etch of silicon nitride, as shown in Figures 5D and 5E of Grill, would
have been a dry etch.

197. Based on these disclosures and the knowledge possessed by a person
of ordinary skill in the art, I believe a person of ordinary skill in the art would have
understood that Grill discloses “dry-etching the third insulating film using the
second resist pattern and the mask pattern as a mask, thereby patterning the third
insulating film to have the openings for forming contact holes.”

198. Claim 13 recites “dry-etching the second insulating film using the
patterned third insulating film as a mask, thereby patterning the second insulating
film to have the openings for forming contact holes.”

199. Grill states that “[t]he via level pattern is then transferred into
dielectric 12 by an etching process such as reactive ion etching.” (Grill at 7:62-63,
Fig. SF.) A person of ordinary skill in the art would have understood that reactive

ion etching (RIE) is a dry etch. “Patterned second resist layer 62 is absent from
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FIG. 5F because it is typically removed by the etching process used to pattern
dielectric 12.77 (Grill at 7:64—66.) Lower hard mask [56] acts as a mask as the
second resist pattern [62] is removed during the etch process. The fifth, modified
fifth, sixth, and modified sixth embodiments of the 696 patent use the same
process. (696 patent at 23:47-59, 25:66-26:14, 28:49-61, 30:58-31:6, Figs.
23(a), 26(a), 31(c), 34(c).) As shown in Grill’s Figure S5F below, I believe a person
of ordinary skill in the art would have understood that the wiring level dielectric
[12] has openings for forming contact holes (i.e., via level pattern). Figure 23(a)

from the fifth embodiment of the 696 patent is shown below for comparison.

3 Even without this express teaching that the resist pattern [62] is typically
removed by the etching process used to pattern dielectric 12, I believe that a person
of ordinary skill in the art would have understood this to be true. For example,
Grill teaches that the “interconnect dielectric and the photoresist stencil used to
pattern the hard mask [may] have similar etch characteristics,” such as “the case
with an organic photoresist and a carbon-based interconnect dielectric such as

DLC.” (Grill at 2:26-32.)
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200. Based on these disclosures, I believe a person of ordinary skill in the
art would have understood that Grill discloses “dry-etching the second insulating
film using the patterned third insulating film as a mask, thereby patterning the
second insulating film to have the openings for forming contact holes.”

201. Claim 13 recites “dry-etching the patterned third insulating film and
the first insulating film using the mask pattern and the patterned second insulating
film as respective masks, thereby forming wiring grooves and contact holes in the
patterned third insulating film and the first insulating film, respectively.”

202. Grill states that “[t]he etching conditions are then changed to removed
[sic] exposed portions of lower hard mask layer 56 and optional etch stop 10.”
(Grill at 7:67-8:2, Fig. 5G.) Grill’s Figures S5F and 5G below show this. I believe
a person of ordinary skill in the art would have understood that the lower hard
mask [56] is masked by the upper level hard mask [58] during the etch, and the
etch stop [10] is masked by the wiring level dielectric [12]. Figures 23(a) and

23(b) from the fifth embodiment of the 696 patent are shown below for
80

Page 83 of 137



comparison. The *696 patent states that “the patterned second silicon dioxide film

S506A and the first silicon dioxide film 504 are dry-etched using the mask pattern

509 and the patterned second organic film 505A as respective masks, thereby

forming a patterned second silicon dioxide film 506B having openings for forming

wiring grooves and a patterned first silicon dioxide film 504 A having openings for

forming contact holes as shown in FIG. 23(b).” (696 patent at 23:66-24:6.)
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203. These Figures further clarify to a person of ordinary skill in the art

that the aperture of the hole in the lower hard mask [56] corresponds to the wiring

groove, and the aperture of the hole in the etch stop [10] corresponds to the

aperture of the contact hole. This is also confirmed by comparison with *696
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patent at 23:66-24:6. In my view, a contact hole in the *696 patent is part of the
final opening that extends from the lower-level metal interconnect to the upper-
level metal interconnect. The same logic applies to wiring grooves and openings
for forming wiring grooves. The 696 patent distinguishes contact hole patterns
and wiring groove patterns by using the labels “A” and “B,” respectively, to
designate contact hole patterns and wiring groove patterns in patterned layers. The
patterns marked “A” in the final structure are contact holes, and the patterns
marked “B” in the final structure are wiring grooves. (696 patent at, for example,
Figs. 23(d), 26(d), 29(a), 32(c), 35(c).) Some openings for forming contact holes
are removed altogether before the final structure. (’696 patent at 23:40-42, 25:27-
29, 28:49-51, 30:49-51, Figs. 22(b), 25(b), 27(b), 31(b), 34(b).) Others become
wiring grooves in the final structure. (’696 patent at 23:42-46, 25:66-26:3, 28:51—
55, 30:58-62, Figs. 23(a), 26(a), 28(b), 31(c), 34(c).) Some, such as patterns SO4A
and 554 A, remain in the final structure and therefore become contact holes. (*696
patent at Figs. 23(b), 23(d), 26(b), 26(d), 28(b), 29(a).) The aperture in layer 10 of
Grill is the same as these layers, and remains a contact hole in the final structure,
as explained below.

204. Based on these disclosures, I believe a person of ordinary skill in the
art would have understood that Grill discloses “dry-etching the patterned third

insulating film and the first insulating film using the mask pattern and the patterned
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second insulating film as respective masks, thereby forming wiring grooves and
contact holes in the patterned third insulating film and the first insulating film,
respectively.”

205. Claim 13 recites “filling in the wiring grooves and the contact holes
with a metal film, thereby forming upper-level metal interconnects and contacts
connecting the lower- and upper-level metal interconnects together,” which Grill
renders obvious.

206. I believe a person of ordinary skill in the art would have understood
that, before performing this claim step, an additional etch is required to remove the
layer immediately above the conductive via [4] to expose the conductive via [4].
(Grill at 8:2-8, Fig. SH.) The fifth and sixth embodiments of the *696 patent each
teach an additional, unclaimed step as well. In describing the fifth embodiment,
the *696 patent states that, after forming contact holes in the first insulating film,
“silicon nitride film 502 is dry-etched using the patterned first silicon dioxide film
504 A as a mask, thereby forming a patterned first silicon nitride film 5S02A (see
FIG. 23(d)) and exposing the first metal interconnects 501 within the contact holes
512.” (696 patent at 24:14—-18.) In describing the sixth embodiment, the 696
patent states that “the patterned silicon dioxide film 604 A and the silicon nitride
film 602 are dry-etched using the mask pattern 608 and the patterned first organic

film 603 A as respective masks, thereby forming a patterned silicon dioxide film
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604B having wiring grooves (see FIG. 32(c)) and a patterned silicon nitride film
602A having the contact holes (see FIG. 32(c)), and exposing the first metal
interconnects 601 within the contact holes 611.” (*696 patent at 29:13-20, Fig.
23(c), Fig. 32(b).) The unclaimed intermediary etch of Grill, as I believe a person

of ordinary skill in the art would have understood it, is depicted in Fig. SH"."
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207. A person of ordinary skill in the art would have understood that in
Grill’s embodiment that does not have optional layer 7, the conductive via [4] is
exposed after progressing to the step shown in Fig. SH'. Because the conductive

via [4] is already exposed, I believe a person of ordinary skill in the art would have

* Figure SH” is a depiction of the Grill embodiment that omits optional layer
7. Tt depicts what a person of ordinary skill in the art would have understood

regarding Grill’s alternative embodiment without optional layer 7.
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also understood that the additional step in Fig. 1J of Grill is unnecessary.” As I
stated above, a person of ordinary skill in the art would have understood that etch
stop 10 is a very thin layer that does not contribute significantly to the RC time
constant of the interconnect. Thus, there is no real need to etch layer 10 to reduce
the RC constant of the interconnect. Furthermore, a person of ordinary skill in the
art would have understood that etching etch stop layer 10 with the conductive via
exposed could damage the conductive via and reduce the conductivity of the
interconnect. Accordingly, a person of ordinary skill in the art would have known
that it is preferable not to perform the etch step of Figure 1J when optional layer 7
is not present.

208. Grill states that “[c]avity 20 is . . . overfilled with conductive wiring
material 22, by a process such as physical vapor deposition, chemical vapor
deposition, solution deposition, or plating.” (Grill at 4:64-5:2, Fig. 1K.) Then, the
conductive wiring material [22] is planarized by CMP to be approximately even

with the top surface of dielectric 12 or remaining hard mask. (Grill at 5:2-8, Fig.

> Alternatively, even if the optional passivation/adhesion layer [7] is used, a
person of ordinary skill in the art would have understood that in many cases it is
desirable not to etch the etch stop layer [10] when the passivation/adhesion layer
[7] is etched, by using a selective etch. (Zhao, 6:25-29, 6:62-7:2, 7:15-18, 7:55—

65, Fig. 10.)
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1L.) Figure 1L"° shows this. I believe a person of ordinary skill in the art would
have understood that, if layer 7 were removed, metal would fill the contact holes in
the etch stop layer [10] and the via level dielectric [8] and fill the wiring grooves in
the lower hard mask [56] and the wiring level dielectric [12]. Figure 23(d) from

the fifth embodiment of the 696 patent is shown below for comparison.
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209. Based on these disclosures, I believe a person of ordinary skill in the
art would have understood that Grill would have rendered obvious to a person of
ordinary skill in the art the step of “filling in the wiring grooves and the contact
holes with a metal film, thereby forming upper-level metal interconnects and

contacts connecting the lower- and upper-level metal interconnects together.”

® Figure 11" is a depiction of the Grill embodiment that omits optional layer
7. Tt depicts what a person of ordinary skill in the art would have understood

regarding Grill’s alternative embodiment without optional layer 7.
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E. The combination of Grill and Aoyama and Claim 13

210. The preamble of claim 13 recites “[a] method for forming an
interconnection structure.”

211. As discussed above, it is my opinion that Grill discloses a method for
forming an interconnection structure.

212. Claim 13 recites “forming a first insulating film over lower-level
metal interconnects; forming a second insulating film, having a different
composition than that of the first insulating film, over the first insulating film;
forming a third insulating film, having a different composition than that of the
second insulating film, over the second insulating film; [and] forming a thin film
over the third insulating film.”

213. As discussed above, Grill discloses these features. Figure SA of Grill
and Figure 24(a) from the modified fifth embodiment of the *696 patent are
reproduced below for comparison. The first insulating film corresponds to Grill’s
layer 10 and the 696 patent’s layer 554. The second insulating film corresponds
to Grill’s layer 12 and the *696 patent’s layer 555. The third insulating film
corresponds to Grill’s layer 56 and the 696 patent’s layer 556. The thin film
corresponds to Grill’s layer 58 and the 696 patent’s layer 557. (Grill at 3:60—

4:13, 7:30-42; *696 patent at 24:60-25:11.)
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214. Claim 13 recites “forming a first resist pattern on the thin film, the

first resist pattern having openings for forming wiring grooves.”

215. As discussed above, Grill discloses this feature. Figure 5B of Grill

and Figure 24(b) from the modified fifth embodiment of the 696 patent are shown

below for comparison. The first resist pattern corresponds to Grill’s layer 60 and

the 696 patent’s layer 558. (Grill at 7:42-44;°696 patent at 25:19-21.)
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216. Claim 13 recites “etching the thin film using the first resist pattern as

a mask, thereby forming a mask pattern out of the thin film to have the openings

for forming wiring grooves.”
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217. As discussed above, Grill discloses this feature. Figure 5C of Grill
and Figure 25(a) from the modified fifth embodiment of the *696 patent are shown
below for comparison. The mask pattern corresponds to Grill’s patterned layer 58

and the *696 patent’s layer 559. (Grill at 7:45-50; *696 patent at 25:21-25.)

Fig. 5C
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218. Claim 13 recites “removing the first resist pattern and then forming a
second resist pattern on the third insulating film and the mask pattern, the second
resist pattern having openings for forming contact holes.”

219. A person of ordinary skill in the art would have understood that the
combination of Grill and Aoyama discloses this feature.

220. Grill states that “[p]atterned resist layer 60 is then removed by a
process such as ashing or wet chemical etching, and a second resist layer 62,
patterned with a second (via level) pattern, is then formed on the structure.” (Grill
at 7:51-55, Fig. 5D.) A person of ordinary skill in the art would have understood

that second resist layer [62] is formed on the lower hard mask [56] and the mask

89

Page 92 of 137



pattern [58] in the Grill-Aoyama combination. To understand this, a person of
ordinary skill in the art would have known to look beyond the cross-sections
shown in Grill and considered the three-dimensional structure as a whole.

221. The shape of Aoyama’s through-hole (i.e., via), as viewed looking
down from above, is shown in Figure 19A below. The areas colored red in Figure
19A indicate that photoresist is located in the areas other than the through-hole
location. A person of ordinary skill in the art would have understood that this is
how the photomask and photoresist works in Grill. The photoresist in the via areas
is removed to permit etching the via into the device structure. Two dashed lines
have been added to Figure 19A below to indicate cross-sections C1 and C2.
Element 48 is a trench. (Aoyama at 16:18-21.) A person of ordinary skill in the
art would have understood that cross-section C1 of the Grill-Aoyama combination
is shown below in Figure SD".” A person of ordinary skill in the art would have
understood that cross-section C2 of the Grill-Aoyama combination is shown below
in Figure 5D”. A person of ordinary skill in the art would have understood that the
Figures below show that the second resist pattern is on both the lower hard mask

[56] and the mask pattern [58].

7 The prime in a figure number indicates that it has been modified from the

original Grill figure.
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222. Figures 25(b) and 27(b) from the modified fifth embodiment of the
’696 patent are shown below for comparison. (C696 patent at Fig. 37(a).)
According to the 696 patent, “a second resist pattern 560, having openings for
forming contact holes, is formed by lithography on the mask pattern 559 as shown

in FIG. 25(b).” (696 patent at 25:27-35.)

Fig. 25(b) 2% Fig. 27(b)
LA 551
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223. Based on these disclosures, I believe a person of ordinary skill in the

art would have understood that the Grill-Aoyama combination discloses “removing
the first resist pattern and then forming a second resist pattern on the third
insulating film and the mask pattern, the second resist pattern having openings for

forming contact holes.”
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224. Claim 13 recites “dry-etching the third insulating film using the
second resist pattern and the mask pattern as a mask, thereby patterning the third
insulating film to have the openings for forming contact holes.”

225. Grill states that “[t]he pattern of resist layer 62 [the via level pattern]
is then transferred into lower hard mask layer 56.” (Grill at 7:57-61, Fig. SE.) As
explained above, a person of ordinary skill in the art would have understood that
the lower hard mask layer [56] has openings for forming contact holes because it
contains the via level pattern of the second resist layer [62]. (Grill at 7:51-55.) As
[ also explain above, a person of ordinary skill in the art would have understood
that the second resist pattern [62] is transferred into the lower hard mask layer [56]
by dry etching, as opposed to wet etching, because it is an anisotropic etch of a
non-single-crystal or amorphous material. Anisotropic wet etches work by
exploiting chemical differences along different directions of a crystal lattice.

When no such directionality exists in a material, the wet etch is isotropic. Dry
etches, however, tend to be highly directional regardless of the etchant. Thus, a
person of ordinary skill in the art would have understood that an anisotropic etch of
a non-single-crystal or amorphous material would have been a dry etch.

226. I believe that a person of ordinary skill in the art would have
understood that the lower hard mask [56] is etched using both the second resist

pattern [62] and the mask pattern [58] as a mask. Again, a person of ordinary skill
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in the art would have understood that a three-dimensional perspective of Grill is
needed.

227. The shape of Aoyama’s via opening, viewed from above, is shown in
Figure 19A below. A person of ordinary skill in the art would have understood
that the red areas indicate photoresist [62] and that the blue areas indicate the mask
pattern [58]. A person of ordinary skill in the art would have understood that
cross-section C1 of the Grill-Aoyama combination is shown below in Figure SE'.
A person of ordinary skill in the art would have understood that cross-section C2
of the Grill-Aoyama combination is shown below in Figure SE". A person of
ordinary skill in the art would have understood the Figures below show masking

during the etch by both the mask pattern [58] and second resist layer [62].

masking by masking by
mask pattern “’}(&econd resist
|L-a9 |
(AR . ; ..
13
Cc2.. . . .
—
FIG. 19A

228. Figures 25(c) and 27(b) from the modified fifth embodiment of the
’696 patent are shown below with color highlights for comparison. According to
the *696 patent, “the second silicon dioxide film 556 is dry-etched using the second

resist pattern 560 and the mask pattern 559 as a mask, thereby forming a patterned
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second silicon dioxide film 556A having openings for forming contact holes.”

(’696 patent at 25:36—41.)
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229. Based on these disclosures, I believe a person of ordinary skill in the
art would have understood that the Grill-Aoyama combination discloses “dry-
etching the third insulating film using the second resist pattern and the mask
pattern as a mask, thereby patterning the third insulating film to have the openings
for forming contact holes.”

230. Claim 13 recites “dry-etching the second insulating film using the
patterned third insulating film as a mask, thereby patterning the second insulating
film to have the openings for forming contact holes.”

231. Grill states that “[t]he via level pattern is then transferred into
dielectric 12 by an etching process such as reactive ion etching.” (Grill at 7:62-63,
Fig. S5F.) I believe a person of ordinary skill in the art would have understood that
the patterned lower hard mask [56] acts as a mask during this etch in the Grill-
Aoyama combination. A person of ordinary skill in the art would have understood

that a reactive ion etch is a dry etching process.
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232. The top surface of Aoyama’s structure, as viewed looking down on it,
is shown in Figure 19A below. A person of ordinary skill in the art would have
understood that the resist pattern [62] is removed during the etch of dielectric layer
12, exposing the mask pattern [58] and patterned lower hard mask [56]. (Grill at
7:64-66.) A person of ordinary skill in the art would have understood that the red
areas of Figure 19A indicate the patterned lower hard mask [56] and that the blue
areas indicate the mask pattern [58]. A person of ordinary skill in the art would
have understood that cross-section C1 of the Grill-Aoyama combination is shown
below in Figure SF'. A person of ordinary skill in the art would have understood
that cross-section C2 of the Grill-Aoyama combination is shown below in Figure
SF". A person of ordinary skill in the art would have understood that the Figures
below show masking during the etch by the patterned lower hard mask [56], as

well as by the mask pattern [58].

masking by masking by . "
layer 56 Flg. 5F' Flg 5F
¢ 58 58

layer 58

FIG. 19A

233. Figures 26(a) and 28(a) from the modified fifth embodiment of the
’696 patent are shown below for comparison. According to the 696 patent, “the

second organic film 555 is dry-etched using the patterned second silicon dioxide
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film 556A as a mask, thereby forming a patterned second organic film 555A

having openings for forming contact holes.” (696 patent at 25:66-26:3.)

559
— . 559 -_ ——556A
\gggﬁ e oo 4 :ggiA
\552 Fig. 28 (a)
. 1g a || L
Fig. 26(a) [\~ 553 553
< v 2 <552
3 551
3 \\\ 55!

234. Based on these disclosures, I believe a person of ordinary skill in the
art would have understood that the Grill-Aoyama combination discloses “dry-
etching the second insulating film using the patterned third insulating film as a
mask, thereby patterning the second insulating film to have the openings for
forming contact holes.”

235. Claim 13 recites “dry-etching the patterned third insulating film and
the first insulating film using the mask pattern and the patterned second insulating
film as respective masks, thereby forming wiring grooves and contact holes in the
patterned third insulating film and the first insulating film, respectively.”

236. Grill states that “[t]he etching conditions are then changed to removed
[sic] exposed portions of lower hard mask layer 56 and optional etch stop 10.”
(Grill at 7:67-8:2, Fig. 5G.) Understanding the three-dimensional nature of the
Grill structure, I believe a person of ordinary skill in the art would have understood

that in the Grill-Aoyama combination the lower hard mask [56] is masked in the

96

Page 99 of 137



wiring groove by the upper level hard mask [58] during the etch, and the etch stop
[10] is masked in the contact hole by the wiring level dielectric [12]. As I explain
above, the aperture in etch stop [10], like patterns 504A and 554A in the *696
patent, is a contact hole. Additionally, I believe a person of ordinary skill in the art
would have understood that this etch is a dry etch because it is an anisotropic etch
of a non-single-crystal or amorphous material. Anisotropic wet etches work by
exploiting chemical differences along different directions of a crystal lattice.

When no such directionality exists in a material, the wet etch is isotropic. Dry
etches, however, tend to be highly directional regardless of the etchant. Thus, a
person of ordinary skill in the art would have understood that an anisotropic etch of
a non-single-crystal or amorphous material would have been a dry etch.

237. The top surface of Aoyama’s structure, as viewed looking down on it,
is shown in Figure 19A below. A person of ordinary skill in the art would have
understood that the red areas of Figure 19A indicate the patterned second
insulating film [12] and that the blue areas indicate the mask pattern [58]. A
person of ordinary skill in the art would have understood that cross-section C1 of
the Grill-Aoyama combination is shown below in Figure 5G’. A person of
ordinary skill in the art would have understood that cross-section C2 of the Grill-
Aoyama combination is shown below in Figure 5G”. A person of ordinary skill in

the art would have understood that the Figures below show masking during the
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etch by the patterned second insulating film [12], as well as by the mask pattern

[58].

i e Fe S8 mgset
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238. Figures 26(b) and 28(b) from the modified fifth embodiment of the
"696 patent are shown below for comparison. According to the *696 patent, “the
patterned second silicon dioxide film 556A and the first silicon dioxide film 554
are dry-etched using the mask pattern 559 and the patterned second organic film
555A as respective masks, thereby forming a patterned second silicon dioxide film
556B having openings for forming wiring grooves and a patterned first silicon

dioxide film 554 A having openings for forming contact holes.” (’696 patent at

26:15-22.)
559
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239. Based on these disclosures, I believe a person of ordinary skill in the
art would have understood that the Grill-Aoyama combination discloses “dry-
etching the patterned third insulating film and the first insulating film using the
mask pattern and the patterned second insulating film as respective masks, thereby
forming wiring grooves and contact holes in the patterned third insulating film and
the first insulating film, respectively.”

240. Claim 13 recites “filling in the wiring grooves and the contact holes
with a metal film, thereby forming upper-level metal interconnects and contacts
connecting the lower- and upper-level metal interconnects together.”

241. A person of ordinary skill in the art would have understood that before
performing this claim step an additional etch is required to remove the layer
immediately above the conductive via [4] to expose the conductive via [4]. (Grill
at 8:2—-8.) As explained above, the *696 patent expressly teaches this additional
etch step. (696 patent at 24:14-18, 29:13-20, Fig. 23(c), Fig. 32(b)). [ have been
told that prior art that discloses all of the claimed steps of claim 13 invalidates
claim 13 regardless of the presence any additional steps. I believe a person of
ordinary skill in the art would have understood the unclaimed etch of the Grill-

Aoyama combination as depicted in Figures 19A, SH’, and SH".® A person of

® Figures 5SH” and 5H""are a depiction of the Grill-Aoyama combination

using the Grill embodiment that omits optional layer 7. It shows what I believe a
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ordinary skill in the art would have understood that Figures SH’ and SH"” depict the

respective cross-sections C1 and C2 of Figure 19A.

L~ 48 . 7
) ' ' Fig. 5H
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FIG. {9A 4 2

242. Ibelieve a person of ordinary skill in the art would have understood
that the conductive via [4] is exposed after the step shown above. Because the
conductive via [4] is already exposed, I believe a person of ordinary skill in the art
would have also understood that the additional step in Figure 1J of Grill is
unnecessary. As I explain above, the additional etch step may also be harmful
because the etchant could damage the exposed conductive via. I therefore believe
that a person of ordinary skill in the art would have understood that the wiring
level pattern would not be transferred into etch stop 10.

243. With regard to the claim step of filling the wiring grooves, Grill states

that “[c]avity 20 is . . . overfilled with conductive wiring material 22, by a process

person of ordinary skill in the art would have understood regarding Grill’s

alternative embodiment without optional layer 7, as it is combined with Aoyama.
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such as physical vapor deposition, chemical vapor deposition, solution deposition,
or plating.” (Grill at 4:64-5:2, Fig. 1K.) Then, the conductive wiring material
[22] is planarized by CMP to be approximately even with the top surface of
dielectric 12 or remaining hard mask. (Grill at 5:2-8, Fig. 1L..)

244. The top surface of Aoyama’s structure, as viewed looking down on it,
is shown in Figure 19A below. A person of ordinary skill in the art would have
understood that the red areas of Figure 19A indicate the metallized regions and that
the blue areas indicate the patterned lower hard mask [56]. A person of ordinary
skill in the art would have understood that cross-section C1 of the Grill-Aoyama
combination is shown below in Figure 1L". A person of ordinary skill in the art
would have understood that cross-section C2 of the Grill-Aoyama combination is
shown below in Figure 1L". Figure 1L" is a depiction of the Grill embodiment that
omits optional layer 7 depicting what I believe a person of ordinary skill in the art

would have understood regarding Grill’s alternative embodiment without optional

layer 7.
'u""—‘
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245. Ibelieve a person of ordinary skill in the art would have understood
that, if layer 7 were removed, metal would fill the contact holes in the etch stop
layer [10] and via level dielectric [8] and fill the wiring grooves in the lower hard
mask [56] and the wiring level dielectric [12], as shown in Figures 11" and 1L".

246. Figures 26(d) and 29(a) from the modified fifth embodiment of the
"696 patent are shown below for comparison. According to the 696 patent, “a
metal film is deposited over the entire surface of the substrate to completely fill in
the contact holes 562 and the wiring grooves 561.” (696 patent at 26:38—41.) “As
a result, second metal interconnects 563 and contacts 564, connecting the first and

second metal interconnects 551 and 563 together, are formed.” (C696 patent at

26:44-47.)
559
5568
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247. Based on these disclosures, I believe a person of ordinary skill in the
art would have understood that the Grill-Aoyama combination discloses “filling in
the wiring grooves and the contact holes with a metal film, thereby forming upper-
level metal interconnects and contacts connecting the lower- and upper-level metal

interconnects together.”
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F.  The combination of Grill and Aoyama and Claim 15

248. Claim 15 depends from claim 13 and further recites that “a size of the
openings of the second resist pattern for forming contact holes is larger than a
designed size of the contact holes in a direction vertical to a direction in which the
upper-level metal interconnects extend.”

249. The 696 patent discusses this feature with reference to Figures 25(b),
25(c), 27(b), 34(b), 36, and 37(a), all shown below. (’696 patent at 25:26-65,
30:49-57, 31:49-67.) The ’696 patent explains that “even if the openings of the
second resist pattern 560 for forming contact holes have misaligned with the
openings of the mask pattern 559 for forming wiring grooves, the openings of the
patterned second silicon dioxide film 556A for forming contact holes can be
formed to be self-aligned with the openings of the mask pattern 559 for forming
wiring grooves.” (7696 patent at 25:46-52.) Also, “the contacts 564 can connect
the first and second metal interconnects 551 and 563 together with a lot more

certainty.” ("696 patent at 25:63—-65, 25:42-65, 27:12-60, 31:49-67, Fig. 37(b).)
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250. A person of ordinary skill in the art would have understood that
Aoyama discloses the same solution to address the same problem. Aoyama states
that misalignment of the photomask during through-hole (i.e., via) formation can
cause the through-hole to be too small and the wiring groove too wide (at the
location of the through-hole). (Aoyama at 3:18-21, 3:29-32.) This leads to an

increase in contact resistance, degradation in reliability, and difficulty in achieving
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higher integration density. (Aoyama at 3:33-38, 6:7-14.) The problem is
illustrated below by Figures 5B and 5D of Aoyama. Figure 37(b) of the 696

patent is also shown below for comparison. (Refer also to *696 patent at 27:31—

51.)
Fig. 37 (b)
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251. Aoyama resolves this problem by disclosing a resist pattern with a
through-hole wider than the wiring groove. (Aoyama at 16:3-5, Figs. 18B, 19A.)
Even when misaligned, a through-hole having the same width as the wiring groove

is formed. (Aoyama at 16:14-16, Fig. 19B.) Figures 18B, 19A, and 19B, shown
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below, illustrate Aoyama’s solution. (Refer also to Aoyama at 3:6-38, 6:7-13,
15:48-16:30.) Figure 25(c) and a portion of Figure 37(a) of the *696 patent are

also reproduced below for comparison. (*696 patent at 25:42-65, 27:12-60,

31:49-60.)
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252. I believe a person of ordinary skill in the art would have understood
that these disclosures would remain unaffected by the combining them with the
relevant teachings of Grill and regardless of whether layer 7 of Grill is used.

253. Based on these disclosures, I believe a person of ordinary skill in the

art would have understood that the Grill-Aoyama combination discloses that “a
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size of the openings of the second resist pattern for forming contact holes is larger
than a designed size of the contact holes in a direction vertical to a direction in
which the upper-level metal interconnects extend.”

254. In signing this declaration, I recognize that the declaration will be
filed as evidence in a contested proceeding before the Patent Trial and Appeal
Board of the United States Patent and Trademark Office. T also recognize that I
may be subject to cross-examination in the proceeding and that cross-examination
will take place within the United States. If cross-examination is required of me, |
will appear for cross-examination within the United States during the time allotted
for cross-examination.

255. Tdeclare that all statements made herein of my own knowledge are
true and that all statements made on information and belief are believed to b}e true;
and further that these statements were made with the knowledge that willful false
statements and the like so made are punishable by fine or imprisonment, or both,

under Section 1001 of Title 18 of the United States Code.

Executed on this 11th day of July 2016, in Rochester, New York.

Dated: 7,// // Z20/ S
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APPENDIX B

Grill Claim 28 Element

Disclosure of U.S. Provisional Application
60/071,628 (“’628 application”)

28. A method for forming
an interconnect structure
on the upper surface of a
substrate having
conductive regions
comprising the steps of:

“Figs. 5A - S5E show a first preferred embodiment
of a method for forming a dual pattern hard mask
comprising a first layer of material with a first
pattern, and a second layer of material with a
second pattern; Figs. 5F - 5H show how this dual
pattern hard mask may be used to fabricate a dual
relief cavity for use in a Dual Damascene process.
For purposes of illustration, one of said first and
second patterns will be a via level pattern, and the
other of said first and second patterns will be a
wiring level pattern.” *628 application at 6.

forming over said
substrate a

having a thickness
corresponding to the
thickness of an
interconnect via,

“The process flow may be exercised on a variety
of substrates but is illustrated for the simplified
substrate of Fig. | A which comprises a
semiconductor base 2 containing arrays of
electrical devices (not shown) conductive via,
and dielectric passivation layer 6.

“A layered dielectric stack 13 comprising an
optional dielectric passivation/adhesion layer 7, a
via level dielectric 8, an optional dielectric etch
stop layer 10, and a wiring level dielectric 12 are
then applied to produce the structure of Fig. 1B.
Via and wiring dielectrics 8 and 12 might be
carbon-based materials such as DL.C or
fluorinated DLC (FDLC), and optional dielectric
etch stop 10 may be materials such as Si02,
Si3N4, silicon-containing DL.C (SiDLC), etc. The
total thickness of layered dielectric stack 13
closely approximates the sum of the via and
wiring level thickness.” 628 application at 3.
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Grill Claim 28 Element

Disclosure of U.S. Provisional Application

60/071,628 (“*628 application”)
FIG 1B |

12
10— F }13

"628 application at Fig. 1B.
FIG 5A

7

13 { H—10

’628 application at Fig. 5A; see also *628
application at 6 (“Fig. 5A shows the structure of
Fig. 1B after application of lower hard mask layer
56 and upper hard mask layer 58”.)

forming over said

a second
dielectric layer having a
thickness corresponding
to the thickness of an
interconnect wiring layer,

“The process flow may be exercised on a variety
of substrates but is illustrated for the simplified
substrate of Fig. 1A which comprises a
semiconductor base 2 containing arrays of
electrical devices (not shown) conductive via ,
and dielectric passivation layer 6.

“A layered dielectric stack 13 comprising an
optional dielectric passivation/adhesion layer 7, a
via level dielectric 8, an optional dielectric etch
stop layer 10, and a wiring level dielectric 12 are
then applied to produce the structure of Fig. 1B.
Via and wiring dielectrics 8 and 12 might be
carbon-based materials such as DLC or
fluorinated DLC (FDLC), and optional dielectric
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Grill Claim 28 Element

Disclosure of U.S. Provisional Application
60/071,628 (“°628 application”)

etch stop 10 may be materials such as SiO2,
Si3N4, silicon-containing DLC (SiDLC), etc. The
total thickness of layered dielectric stack 13
closely approximates the sum of the via and
wiring level thickness.” 628 application at 3.

FIG 1B

12—
10— }13

’628 application at Fig. 1B.
FIG 5A

13{ =41
S AL

7

"628 application at Fig. SA; see also *628
application at 6 (“Fig. 5SA shows the structure of
Fig. 1B after application of lower hard mask layer
56 and upper hard mask layer 58”.)

forming a first hard mask
layer over said second
[dielectric] layer,

“Fig. 5A shows the structure of Fig. 1B after
application of lower hard mask layer 56 and upper
hard mask layer 58. Hard mask layers 56 and 58
are preferably formed from different materials
which have different etch properties from each
other and from dielectric underlayers 12 and 8.”
’628 application at 6.
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Grill Claim 28 Element

Disclosure of U.S. Provisional Application
60/071,628 (“°628 application™)

FIG 5A

forming a second hard
mask layer over said first
hard mask layer, said
second hard mask layer
preferably formed of a
material different from
said first hard mask to
permit selective etching of
said second hard mask
layer with respect to said
first hard mask layer,

“Fig. 5A shows the structure of Fig. 1B after
application of lower hard mask layer 56 and upper
hard mask layer 58. Hard mask layers 56 and 58
are preferably formed from different materials
which have different etch properties from each
other and from dielectric underlayers 12 and 8.
For example, lower hard mask layer 56 might be
formed from Si3N4 and upper hard mask layer 58
might be formed from SiO2. . . .. The etching
process is preferably selective, for example a
selective S102 to Si3N4 etch, so that lower hard
mask layer 56 will remain intact during any
overetching of hard mask layer 58.” *628
application at 6.

FIG 5A

&

forming a first layer of
resist over said second
hard mask layer,

“A first resist layer 60, patterned with a first
(wiring level) pattern, is formed on layer 58 to

form the structure of Fig. 5B.” *628 application at
6.
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Grill Claim 28 Element

Disclosure of U.S. Provisional Application
60/071,628 (“°628 application”)

FIG 5B

"628 application at Fig. 5B.

patterning said first layer
of resist with a wiring
pattern,

“A first resist layer 60, patterned with a first
(wiring level) pattern, is formed on layer 58 to
form the structure of Fig. 5B.” *628 application at
6.

FIG 5B

’628 application at Fig. 5B.

patterning said second
hard mask layer using said

wiring-patterned [irst

“The pattern of resist layer 60 is transferred into
upper hard mask layer 58 by an etching process to
form the structure of Fig. 5C. The etching process

Page 130 of 137

B-5



Grill Claim 28 Element

Disclosure of U.S. Provisional Application
60/071,628 (“°628 application”)

layer of resist as a mask,

is preferably selective, for example a selective
Si102 to Si3N4 etch, so that lower hard mask layer
56 will remain intact during any overetching of
hard mask layer 58.” 628 application at 6.

FIG 5C

58

147
Z

|
Ib"
-/

1

’628 application at Fig. 5C.

removing said wiring-
patterned first layer of
resist,

FIG 5B FIG 5C

’628 application at Figs. 5B, 5C.

“Hard mask layers 56 and 58 are preferably
formed from different materials which have
different etch properties from each other and from
the dielectric underlayers 12 and 8. For example,
lower hard mask layer 56 might be formed from
Si3N4 and upper hard mask layer 58 might be
formed from SiO2. Other suitable hard mask
materials may include SiO2-based materials,
other oxides, nitrides other than Si3N4, carbon-
based dielectrics, and polycrystalline silicon, and
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Grill Claim 28 Element

Disclosure of U.S. Provisional Application
60/071,628 (“°628 application”)

amorphous hydrogenated silicon. ... If resist
layer 60 is misaligned, rework at this stage
presents no problem.” ’628 application at 6.

Although the non-provisional application for the
Grill patent later adds a statement that the
“[platterned resist layer 60 is . . . removed by a
process such as ashing or wet chemical etching,”
a person of ordinary skill in the art would have
already understood this to be part of the 628
application’s disclosures.

The *628 application teaches that rework
problems are caused when the photoresist and
dielectric material have similar etch properties.
"628 application at 2. Accordingly, a person of
ordinary skill in the art would have understood
that resist rework is not a problem at this stage
because the upper hard mask layer 58 and
photoresist layer 60 have different etch properties.
A person of ordinary skill in the art thus would
have understood that the photoresist layer 60 is
not removed when upper hard mask layer 58 is
etched. A person of ordinary skill in the art
would have understood that the transition between
Figures 5B and 5C above is only possible by first
etching layer 58, then subsequently removing the
photoresist layer 60.

forming a
over said first and
second hard mask layer,

“A second resist layer 62, patterned with a second
(via level) pattern, is then formed on the structure
of Fig. 5C to produce the structure of Fig. 5D.”
"628 application at 6.
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Grill Claim 28 Element

Disclosure of U.S. Provisional Application
60/071,628 (“°628 application”)

FIG 5D
62

’628 application at Fig. 5D.

patterning said

“A second resist layer 62, patterned with a second

with a via (via level) pattern, is then formed on the structure

pattern, of Fig. 5C to produce the structure of Fig. 5D.”

’628 application at 6.

FIG 5D
62

’628 application at Fig. 5D.
patterning said lirst hard “The pattern of resist layer 62 is then transferred
mask laver using said via- | into lower hard mask layer 56.” 7628 application
patterned at 6.

as a mask,
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Grill Claim 28 Element

Disclosure of U.S. Provisional Application
60/071,628 (“°628 application”)

FIG 5E
62
58
56

’628 application at Fig. SE.

transferring said via
pattern in said patterned
first hard mask layer into
said second dielectric
layer, while concurrently
removing said via-
patterned

, and

“The via level pattern is then transferred into
dielectric 12 by an etching process such as
reactive ion etching, to produce the structure of
Fig. SF.” *628 application at 6.

FIG 5E FIG 5F
62

58

56

’628 application at Figs. SE, S5F.

Although the non-provisional application for the
"696 patent added a statement that the
“[platterned second resist layer 62 is absent from
FIG. 5F because it is typically removed by the
etching process used to pattern dielectric 12,”
Grill at 7:64—66, a person of ordinary skill in the
art would have already understood this to be part
of the "628 application’s disclosures.

The *628 application teaches that the
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Grill Claim 28 Element

Disclosure of U.S. Provisional Application
60/071,628 (“°628 application”)

“interconnect dielectric and the photoresist stencil
used to pattern the hard mask [may] have similar
etch characteristics,” such as “the case with an
organic photoresist and a carbon-based
interconnect dielectric such as DLC.” ’628
application at 2. A person of ordinary skill in the
art would have understood that etching layer 12
under such circumstances concurrently etches
layer 58 because the two layers have similar etch
properties.

A person of ordinary skill in the art would have
further understood that the photoresist layer 62 is
not removed prior to etching layer 12. If a dry
etch is performed to ash the photoresist layer 62,
the process would concurrently etch layer 12, as
claim 28 regires. On the other hand, if the
photoresist is stripped with a wet checmical
treatment before etching layer 12, the problems
described with regard to Figures 2C result. *682
application at 4, Figs. 2C, 2D. This would
damage the exposed interlayer dielectric layer 12
and make it difficult to control the via dimension.

A person of ordinary skill in the art would have
thus understood that the transition between
Figures SE and 5F above is only possible by
concurrently etching photoresist layer 62 and
dielectric layer 12.

patterning said via-
patterned first hard mask
layer using said wiring-
patterned second hard
mask layer as a mask,

“The etching conditions are then changed to
removed [sic] exposed portions of lower hard
mask layer 56 and optional etch stop 10, to form
the structure of Fig. 5G.” 628 application at 6.
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Disclosure of U.S. Provisional Application

s et 60/071,628 (“*628 application”)
FIG 5G
’628 application at Fig. 5G.
transferring, at least “Dielectrics 8 and 12 are then etched to transfer
partially concurrently, said second pattern [via level] into the entire
said via pattern into said | thickness of dielectric 12, and said first pattern
to [wiring level] into the entire thickness of

form via cavities dielectric 8, as shown in Fig, SH.” 628

corresponding to said via | application at 6.
pattern, and said wiring
pattern into said second FIG 5H
dielectric layer to form
wiring cavities
corresponding to said
wiring pattern, and

’628 application at Fig. SH.

filling said cavities with “The cavity structure may then be completed as
conductive material to shown in FIG. 1J, and, for interconnect

make electrical contact applications, filled with wiring material as shown
with said conductive in FIGS. 1K to 1L.” 628 application at 6.

regions and to form said
vias and said wiring
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Disclosure of U.S. Provisional Application

EARs Gl e Rl 60/071,628 (’628 application”)

pattern. FlG 1 L

"628 application at Fig. 1L.
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