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I, Jian-Gang Zhu, declare as follows:

I. ENGAGEMENT

1. I have been retained by Resonac Hard Disk Corporation and Resonac
Corporation (“Resonac” or “Petitioners”) in connection with the petition for Inter
Partes Review (“IPR”) of U.S. Patent No. 12,020,734 (“the *734 Patent,” Ex-
1001), which I may refer to subsequently as the “challenged patent.” I understand
that the *734 Patent has a sole inventor, Dr. Dieter Suess. I understand the *734
Patent is currently assigned to MR Technologies GmbH (“Patent Owner” or
“PO”).

2. I have been asked by Petitioners to offer opinions regarding the *734
Patent, including the unpatentability of claims 1-2 and 4-12 of the *734 Patent,
which I may refer to subsequently as the “challenged claims” in view of certain
prior art. This declaration sets forth the opinions I have reached to date regarding
these matters.

3. I am being compensated by Petitioners at my standard hourly
consulting rate for my time spent on this matter. My compensation is not
contingent on the outcome of the IPR or on the substance of my opinions.

4, I have no financial interest in Petitioners or Patent Owner.
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II. PROFESSIONAL BACKGROUND

5. My qualifications are set forth in my curriculum vitae, a copy of
which is attached as an Exhibit 1004. Exhibit 1004 also includes a list of my
publications and the cases in which I have testified at deposition, hearing, or trial
within the past four years. As set forth in my curriculum vitae:

6. I received my B.S. degree in Physics from Huazhong University of
Science and Technology in China in 1982, and my M.S. degree and Ph.D. degrees,
both in Physics, from the University of California at San Diego in 1983 and 1989,
respectively. I was a faculty member as an assistant professor and later associate
professor in the Department of Electrical Engineering at University of Minnesota
from 1990 to 1996 prior coming to Carnegie Mellon where I became a full
professor in 1998.

7. I’m currently the Director at the Data Storage Systems Center and a
full Professor in the Department of Electrical and Computer Engineering at
Carnegie Mellon University. At Carnegie Mellon, I was awarded the ABB
endowed chair professor in Electrical and Computer Engineering in 2003 and |
also hold courtesy professorship in Materials Science and Engineering and Physics.

8. My research has been in the field of magnetic data storage
technologies. I have been conducting cutting edge research on magnetic thin film

media for hard disk drives since 1986 when I was a Ph.D. student at Center for
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Magnetic Recording Research in University of California, San Diego. I have
pioneered the research on utilizing micromagnetic modeling for MRAM memory
design and established some of the most fundamental design principles used today.
For example, I was the first one to propose the non-magnetic grain boundary
microstructure for disk media in 1987, which has been adopted by industry ever
since and still today. My 2011 paper “SNR Enhancement in Segmented Media”
provided clear insights and underlying physics on how exchange coupled layered
thin film media enhances recording density performance. My extensive research in
magnetics, magnetic materials, and material microstructures has established me as
a leading expert in this field.

9. [ am a recipient of the 1993 National Science Foundation Presidential
Young Investigator Award. I also received the McKnight Land Grant Professorship
from the University Minnesota Board of Regents in 1993. As a co-inventor of the
CPP/GMR read sensor patent, I received the 1996 R&D100 Award. [ was IEEE
Distinguished Lecturer in 2004. I had also been on the Advisory Editorial Board
for the Journal of Magnetism and Magnetic Materials, North-Holland, Elsevier
from 1998 to 2008. Because of my contributions to hard disk drive technology, |
was awarded IEEE Magnetic Society Achievement Award in 2011 and this award

is the highest award in Magnetic Society.
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10. Ihave, and continue to, teach classes in the magnetic recording, such
as Data Storage Systems Design Project, Magnetic Materials and Devices, and
Advanced Applied Magnetism. Over the course of my career, I have supervised
and graduated 56 Ph.D. students (and many more M.S. students) in Materials
Science, Physics, and Electrical and Computer Engineering with most of them now
working in hard disk drive industry. I have presented over 100 invited papers at
various international conferences, mainly on hard disk drive technologies. I have
authored or co-authored over 350 peer reviewed journal papers in the field of
magnetism and magnetic recording technology.

11.  Additional information regarding my background, qualifications,
publications, and presentations is provided in my CV (Exhibit 1004).

III. MATERIALS REVIEWED

12.  In forming my opinions, I have reviewed the challenged patent and
considered each of the documents listed in the Exhibit List above and all other
materials discussed herein. In reaching my opinions, I have relied upon my
experience, knowledge, and physical insights in the field and also considered the
viewpoint of a person of ordinary skill in the art as of the time of the earliest
claimed priority date of the challenged patent, i.e., June 17, 2006. As explained

below, I am familiar with the level of a person of ordinary skill in the art regarding
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the technology at issue as of that time and all of the opinions I have formed have
been assessed from the perspective of such a person of ordinary skill in the art.
IV. DESCRIPTION OF THE RELEVANT TIMEFRAME, THE

RELEVANT FIELD, AND A PERSON OF ORDINARY SKILL IN
THE ART

13. I understand that the *734 Patent was filed on October 4, 2021, and
through a series of continuation applications, claims the benefit of U.S. Patent
Appl. No. 11/424,859, now U.S. Patent No. 9,978,413, filed on June 17, 2006.

14.  Thus, for purposes of my analysis, I have treated June 17, 2006, as the
relevant priority date for the challenged patent. I reserve the right to update my
analysis should Patent Owner assert a different priority date.

15. T have received and understand the specification, claims, and file
history of the challenged patent.

16. In my opinion, a person having ordinary skill in the art (“POSITA”) at
the time of the effective filing date of the challenged patent was a person holding at
least a master’s degree in Physics, Materials Science, or Electrical Engineering
with at least two years training or experience with magnetic recording, such as
hard disk drives. My opinions presented herein are as viewed through the eyes of a

POSITA prior to June 17, 2006.
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V. TECHNOLOGY BACKGROUND

A. Hard Disk Drive

17. A hard disk drive (HDD) is an electromechanical data storage device
that uses magnetic storage to store and retrieve digital information. It is a type of
non-volatile storage, meaning it retains its stored data even when the power is

turned off. Below is an illustration of a typical HDD.

Platter

Motor
Read/write

)ead

Actuator

18.  An HDD includes one or more rigid, circular disks (typically made of
glass, ceramic, or aluminum alloy) stacked very close to one another and called
platters. The platters are coated with magnetic material and are the physical
medium where all the data is stored. The spindle motor is a motor located in the
center of the drive that holds the platters. It rotates the platters at a high and

constant speed, usually measured in revolutions per minute (RPM).
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19. Most HDDs have a separate read and write head for each side of
every platter, which are tiny electromagnets at the end of the actuator arms. They
convert data from a magnetic state on the platter into an electrical current (reading)
and convert an electrical current into a magnetic field to alter the orientation of
magnetic grains within the platter (writing). The heads float on a cushion of air
generated by the spinning platters, never actually touching the magnetic surface.

20. The actuator assembly includes actuator arms that hold the
read/write heads and position them over the correct track on the platters, and a
voice coil motor that controls the rapid and precise movement of the arms. The
voice coil motor receives commands from the electronics board and uses magnetic
fields to precisely move the head assembly across the disk. The precision of this
movement is critical for high memory density.

B. From Longitudinal Magnetic Recording (LMR) to Perpendicular
Magnetic Recording (PMR)

21. Longitudinal magnetic recording (LMR) is the traditional method for
storing data on HDDs, where magnetic bits are aligned horizontally with the
spinning disk platter, as shown in the figure illustration below. In the magnetic
recording medium where bits are stored, adjacent bits with opposing

magnetizations generally are separated by a transition region.
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(a) Longitudinal Recording

Recarding Head

P

r

22.  As mentioned, to write data on the magnetic recording medium in
HDDs, a write head (also known as recording head) is provided. Typically, the
write head includes an electromagnet made of a tiny coil of wire wrapped around a
magnetic core, which creates a magnetic field when an electrical current flows
through the coil, and this magnetic field alters the polarity of the magnetic material
on the disk, creating a bit (a 1 or a 0).

23. However, as data density increases, the smaller grains that store the
data become unstable due to the superparamagnetic effect. Superparamagnetic
effect (or superparamagnetic limit) refers to the effect where magnetic grains that
make up the data bits are so small that their magnetic moment direction can be
altered spontaneously simply from thermal agitation in ambient condition without

a write head. Ex-1006, 1:54-59. Perpendicular magnetic recording (PMR), where



Case No. IPR2026-00016
Patent No. 12,020,734

bits are aligned vertically, as shown in the figure illustration below naturally

evolved from efforts attempting to address the superparamagnetic limit.

(b) Perpendicular Recording

Recording Head

Recording Layer

24. In perpendicular recording, the magnetic grains are oriented vertically,
perpendicular to the surface of the disk. The perpendicular magnetic media offers
a larger grain volume and stronger magnetic anisotropy with the same grain
diameter as compared with LMR media, hence, having greater thermal stability.

C. Composite Magnetic Recording Media

25.  As data density continues to increase in PMR, the superparamagnetic
limit again becomes a limiting factor for PMR’s areal density.

26. To overcome the superparamagnetic limit, which exists in both LMR
and PMR, various ways have been proposed to increase the energy barrier of the
magnetic bits (which represents the energy needed to flip the magnetic state).
With higher energy barriers, the magnetic bits can withstand higher thermal

fluctuation, resulting in greater thermal stability.
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27.  The energy barrier of a magnetic grain/particle with uniaxial
anisotropy used in data storage is typically denoted as Ey, or AE. Under the Stoner-
Wohlfarth (SW) model, the energy barrier can be approximated by: AE =KV,
wherein K is anisotropy constant and V is particle volume. The easy axis of the
anisotropy refers to the direction within a material along which it is energetically
most favorable for the magnetic moments (spins) to align. This direction is the
preferred direction of spontaneous magnetization in the absence of an external
magnetic field. According to the above formula, the energy barrier can be
increased by increasing the anisotropy constant K and/or particle volume V.

28. I should note that increasing the volume of individual magnetic grains
(or particle volume V) in the media for enhancing thermal stability is not an option
since the increasing grain lateral size will increase medium noise and degrades
storage density. In contrast, as storage density of disk drives continue to increase
over time, the grain size of the magnetic media needs to be reduced proportionally.
Therefore, the anisotropy constant of the magnetic material necessarily needs to
increase to maintain thermal stability.

29. However, increasing anisotropy constant K results in an increase in
coercivity (also known as coercive field or coercive force), which refers to the
strength of the reverse magnetic field required to reduce a magnetic material’s

magnetization to zero after it has been saturated. Stated differently, the coercivity

10
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1s a measure of the strength of the external magnetic field needed to flip the
magnetization of a grain after it has been magnetized. For hard disk drives, the
coercivity of the recording media is, therefore, a measure of recording field
strength needed for re-orienting the media magnetization to store binary bits. A
high coercivity is desirable for high thermal stability of the stored binary bits, but
only to a certain degree, because conventional write heads are only capable of
generating a certain level of magnetic field. An high coercivity (which leads to
high thermal stability) may result in the media not being writeable by a
conventional write head (referred to as poor writeability or poor recordability).
This issue was well recognized before 2006. Dr. Suess, the inventor of the
challenged patent, was certainly neither the first to identify or appreciate this issue;
nor was he the first to attempt to address it. See, e.g., Ex-1005, Abstract; Ex-1006,
1:54-59; Ex-1007, Abstract; Ex-1009, p. 1; Ex-1036, 455.

30. A common solution at the time to address the tension between
wanting high thermal stability while still having reasonable writeability was to
introduce additional “softer” magnetic recording layer(s) above a hard layer. A
magnetic recording layer is considered “softer” when its coercivity and/or
anisotropy is lower. By introducing these “softer” layer(s), the existing magnetic
recording layer can have high coercivity and/or anisotropy (for itself so that good

thermal stability is maintained) while the coercivity of the overall structure is low

11
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(so that better writeability is achieved). Such a multilayer structure is often called
composite magnetic recording media because two or more magnetic recording
layers are used. What Dr. Suess claims in the challenged patent is merely a
specific configuration of composite magnetic recording media, which I will discuss
later in more detail.

31. Composite magnetic recording media comprises a stack of magnetic
layers, all with uniaxial anisotropy with their easy axes aligned. Adjacent magnetic
layers may be separated by a thin non-magnetic layer which facilitates adequate
ferromagnetic exchange coupling between the magnetic layers. The anisotropy
energy constant varies from magnetic layer to magnetic layer to match with
recording head field profile in the direction perpendicular to the medium’s
horizontal plane to produce best recording performance. Taking a bi-layer structure
as an example, such a magnetic recording medium may have a soft layer on top of
a hard layer. When an external magnetic field is applied to the soft layer, the soft
layer reverses magnetization first and pulls on the hard layer through exchange
coupling, assisting in the hard layer’s reversal. When the external magnetic field is
removed, the magnetization of the soft layer is pulled back into alignment by the
hard layer through the exchange interaction, which is the “spring” effect of an
“exchange spring.” This is why the composite magnetic recording media are also

often referred to as exchange spring magnetic recording media. Because the soft

12
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layer assists in the hard layer’s reversal (due to exchange coupling between the soft
and hard layers), the coercive field of the composite structure is lower than a
structure with only the hard layer.

D. The Hysteresis L.oop and Relevant Parameters

32. To facilitate discussion of the challenged patent and the prior art
references mentioned herein, I will now introduce the parameters relevant to
magnetic recording media.

33. In magnetic recording, a variety of parameters are used to characterize
the magnetic properties of media and guide design. These properties, many of
which can be visualized on a magnetic hysteresis loop, are critical for determining
a medium’s ability to store information reliably and at high density.

34, A magnetic hysteresis loop is a plot of the medium’s magnetization
(M) in response to an externally applied magnetic field (H). This loop reveals
several key material properties. Below is an illustration of a magnetic hysteresis

loop.

13
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M

W

-
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35. Asshown, the x axis above is an externally applied magnetic field

(H), and y axis is the medium’s magnetization (M). When the applied magnetic
field is changed (i.e., value of x axis going from zero to £H), the magnetic
moments of the material align, increasing the magnetization (i.e., value of y axis
going from zero to £M). The loop shows that a material’s magnetization depends
not only on the applied field but also on its previous magnetic history—the
phenomenon of hysteresis.

36. Now, I will discuss the key parameters of a magnetic recording

medium that can be visualized in a magnetic hysteresis loop.

14
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37.  Asshown, one parameter is Saturation Magnetization (M), which is
the maximum magnetization that a material can achieve when exposed to a very
large external magnetic field. At this point, all magnetic moments are aligned with
the field, and increasing the field further will not increase the magnetization.

38.  Another parameter is Remanent Magnetization (M), which is the
residual magnetization retained in the material after the external magnetic field is
removed (i.e., H=0), the material retains a residual magnetization. It is a measure
of the magnetic recording medium’s ability to store a signal permanently. In
magnetic recording, the strength of this remanent magnetization directly impacts

the strength of the readback signal.

15
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39.  Another parameter is Coercivity (H.), which, as mentioned above, is
also referred to as coercive field or coercive force. To reduce the material’s
magnetization back to zero after it has been saturated, an external magnetic field
must be applied in the opposite direction. The magnitude of this reverse field is the
coercivity (H¢). As discussed above, a high coercivity is desirable for recording
media to ensure that recorded data bits are stable and resistant to external magnetic
fields or demagnetization effects.

40. A parameter related to coercivity (H.) is Switching Field (Hj), which
refers to the specific field at which the magnetization of a single magnetic grain or
particle reverses direction. The value of the switching field (H;) for a single
particle depends on its intrinsic magnetic properties, such as its anisotropy, as well
as external factors like the field’s angle and temperature. In contrast, coercivity
(H.) 1s defined as the reverse magnetic field needed to reduce the net bulk
magnetization of the material to zero after it has been saturated. For an ideal
material composed of identical, non-interacting particles, the coercive field (H.)
would be equal to the switching field (H;) of a single particle. All particles would
switch simultaneously, causing a sharp, square-like hysteresis loop. However,
real-world magnetic media consist of a large collection of magnetic grains with a
distribution of properties. Also, the magnetic grains interact with each other since

each generates a magnetic field. The combination of the property distribution and

16
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the interactions lead to a distribution of switching fields. However, people in the
magnetic recording field often do not distinguish between coercive field (H.) and
switching field (Hs) and use them interchangeably. The reason behind is that when
magnetization is zero where the coercivity is defined, the average interacting
magnetic field among the grains is zero. The coercivity is thus the measure of
switching field when nearly 50% of the grains have been switched and the other
50% are not. A POSITA would have understood that this is the case in the
Challenged Patents, as well as in many of the prior art references discussed in this
declaration. For purposes of this declaration, I also use coercive field (H.) and
switching field (H;) interchangeably.

41. Nucleation Field (H,) is the lowest field magnitude over which the
magnetization reversal starts to significantly occur. It is a measure of the lowest
switching field for the grains that can be most easily reversed. Often times, the
nucleation field results from the grains which are most susceptible (vulnerable) to
thermal agitation. A higher nucleation field implies greater thermal stability of the
media.

42.  Another parameter is Squareness or Squareness ratio (S,), which is
defined as the ratio of the remanent magnetization (M) to the saturation
magnetization (My) (Sq = M, / My). This parameter indicates how “square” the

hysteresis loop is. A high squareness value is preferred for magnetic recording

17
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because it indicates that most of the material’s magnetization is retained after the
writing field is removed, resulting in a strong and well-defined recorded bit.

43. Referring back to the hysteresis loop I have shown above, I will now
explain how to interpret a hysteresis loop. Starting with applying a very large
external magnetic field in the direction perpendicular to the film media, the
magnetization of all the magnetic grains in the media are aligned in the field
direction to produce a saturation magnetization, M, provided that the field
magnitude is sufficiently large. At this time, in addition to the externally applied
magnetic field, there is a field inside the medium that is opposite to the
magnetization direction, and its amplitude is proportional to the net magnetization
of the medium, referred to as the demagnetization field. As the external field
reduces its magnitude, such that the net magnetic field (which is the sum of the
externally applied field and the demagnetization field) becomes opposite to the
initial saturation direction, magnetization reversal of the grains in the medium can
occur. The external field value at the first occurrence of grains magnetization
switching multiplying by a negative sign is referred to as the nucleation field, H,.
Namely, if the external field value is positive when the nucleation happens, the
sign of the nucleation field is negative. If the field is negative, the nucleation field
is positive. As the external field reaches zero, the net magnetization reaches the

value of magnetization remanence, M;. If H, is negative, M; is smaller than Mj,

18
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otherwise, M, is usually equal to M;. As the external field continues in the negative
direction, at some point, half of the magnetic grains reverse their magnetization
direction, and the net magnetization of the medium reaches zero. The external field
magnitude at this point is referred to as the coercivity of this medium. Since the net
magnetization of the medium is zero at the point of coercivity, the demagnetization
field in the medium is zero. The coercivity is the mean switching field, Hs, the field
needed to reverse the magnetization of the grains on average. As the external field
continues to increase its strength, the magnetization of all the grains reverses and
an opposite saturation is achieved.

44.  In addition to the parameters mentioned above, the following are
some additional relevant parameters.

45.  Anisotropy Constant (K,). Magnetic anisotropy is the energy
required to deviate the magnetic moment from its preferred orientation (the “easy
axis”). The anisotropy constant (K.), which is also referred to as anisotropy for
short, is a measure of this energy per unit volume. In modern magnetic recording,
a high K, is crucial for ensuring the thermal stability of very small magnetic grains.
As discussed above, the thermal stability of a recorded bit is directly proportional
to the product of the anisotropy constant and the grain volume (K. V).

46. Anisotropy Magnetic Field (H;) represents the magnitude of the

magnetic field required to saturate the material along its hard axis (perpendicular to
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the easy axis). It provides information about the material’s intrinsic anisotropy.
For uniaxial material (which has a single “easy axis” of magnetization, along
which it is energetically favorable for the magnetic moments to align), the

relationship between anisotropy magnetic field (Hx) and anisotropy constant (K.) is

2Ky,
Mg’

approximated by the formula: H;, = Ex-1005, 8:15.

47.  Hysteresis loop of composite magnetic recording media: As |

mentioned above, a hysteresis loop measures the magnetization component in the
direction of an externally applied magnetic field. For perpendicular recording, we
are interested in the hysteresis loop with a perpendicular magnetic field. For a
composite magnetic recording media with two magnetic layers, the hysteresis loop
may have different shapes, depending on, for example, the strength of exchange
coupling between these two magnetic layers.

48. For a decoupled composite magnetic recording medium, the hysteresis
loop shows two distinct and separate switching events, resulting in a stepped loop.
The soft layer starts reversal first. After the soft layer completes reversal, if the
external magnetic field continues to increase, the hard layer then starts to reverse.
Therefore, the overall coercivity is determined by the hard layer and the existence

of the soft layer provides minimal impact.
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49.  When the soft and hard layers are exchange coupled, such a medium
is often referred to as an exchange-coupled composite (ECC) medium.

50. For a weakly coupled composite magnetic recording medium, the
hysteresis loop is smoother than the decoupled example but still exhibits two
slopes. The effective coercivity for the structure is lower than that of the hard
layer alone because by the time the hard layer switches, the soft layer has already
started switching, which provides an additional magnetic field, often referred to as
exchange coupling field, to the hard layer, assisting in switching of the hard layer.

51. When the soft and hard layers are strongly coupled, the hysteresis
loop becomes a smooth single-step loop. The hysteresis loop for strongly coupled
composite media is smooth and has a single step, similar to the hysteresis loop I
have shown for a single layer magnetic recording medium above, but with much
lower coercive field. Due to the strong exchange coupling between the soft and
hard layers, the magnetization of the soft layer continuously pulls on the hard
layer, causing it to switch more easily.

E. Additional Concepts in Magnetic Recording

52. “Easy axis”: The easy axis of a magnetic material is the energetically
most favorable direction for its spontaneous magnetization to align. In other words,

it 1s the direction along which the material is most easily magnetized. This
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directional preference is a property known as magnetic anisotropy, which I have
discussed above.

53.  “In-plane” vs “out-of-plane”: In magnetism, in-plane and out-of-

plane refer to the orientation of a material’s magnetization relative to the plane of
the platter. Longitudinal Magnetic Recording (LMR) uses in-plane magnetization,
where the material’s easy axis is parallel to the disk surface. Perpendicular
Magnetic Recording (PMR) uses out-of-plane magnetization, where the material’s
easy axis is perpendicular to the disk surface.

54.  “Ferromagnetic coupling” vs “antiferromagnetic coupling”:

Ferromagnetic and antiferromagnetic coupling are two types of exchange coupling,
both a quantum mechanical effect that dictates the alignment of electron spin in a
material. The key difference between them is the direction in which neighboring
spins align relative to each other. For ferromagnetic coupling, neighboring
electron spins align parallel to each other in the same direction; for
antiferromagnetic coupling, neighboring electron spins align antiparallel to each
other in opposite directions.

55.  “Soft” vs. “hard”. Magnetic material often is characterized by the

strength of the magnetic field needed to change their magnetization direction. If the
magnetization direction can be reversed by a relatively weak magnetic field (field

strength is relatively low), the material is often said to be “soft.” If the magnetic
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field needed to change the magnetization direction is relatively strong (field
strength is relatively large), the material is then often referred to as a “hard”
magnetic material. “Soft” and “hard” are often used as relative terms, although, as
I discuss below, the 734 Patent claims recite certain requirements for a “hard”

layer, for example.

VI. OVERVIEW OF THE CHALLENGED PATENT

56. I understand that the application resulting in the 734 Patent was filed
on October 4, 2021, and through a series of continuation applications, claims the
benefit of U.S. Patent Appl. No. 11/424,859, now U.S. Patent No. 9,978,413, filed
on June 17, 2006. For purposes of this declaration, I assume that the challenged
claims are entitled to the priority date of June 17, 2006.

57. Now I will give an overview of the *734 Patent.

58. Asalready explained above, with recording densities increasing for
magnetic recording media, continued decrease in the magnetic grain size is no
longer feasible due to the well-known superparamagnetic limit—energy stored in a
magnetic grain is proportional to the grain size. When the grain size is small
enough, thermal fluctuations at room temperature become capable of switching the
grain’s magnetization (i.e., “thermal instability”), resulting in loss of information
stored in the media. Ex-1001, 1:14-26. While increasing the material’s anisotropy

constant (Kyx) (denoted as K by the challenged patent) helps overcome such
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superparamagnetic limit by making the grains difficult to switch, according to the
’734 Patent, “such an increase also results in an unfavorable increase of the
coercivity Hc,” making it harder to write (i.e., “writeability problem™). Id., 1:22-
31.

59. To address this, prior designs used a soft magnetic layer on top of the
hard layer. Ex-1001, 1:51-58. These layers are exchange-coupled, allowing the
write head to flip the soft layer, which in turn switches the hard layer, thereby
reducing the required write field while preserving thermal stability.

60. The 734 Patent purportedly adds a second soft layer on top of the
existing soft layer, forming what it calls a “nucleation host.” This nucleation host
consists of “ferromagnetic layers with increasing anisotropy from layer to layer,”
exchange-coupled to the hard layer beneath. Ex-1001, 10:53-55, 10:30-32. The
patent asserts that with its structure, “the coercive field is reduced..., while the
thermal stability is...not influenced.” Ex-1001, 3:48-53. It claims to “overcom|e]
the writeability problem of extremely hard magnetic storage layers.” Ex-1001,
3:58-61. In particular, the *734 Patent proposes “a magnetic recording media
wherein the magnetic recording layer consists of a multilayer structure, with a
special multilayer... nucleation host[] and a hard magnetic storage layer...” Id.,

2:48-52. The ’734 Patent depicts the structure of its magnetic recording medium in
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Figure 1 below, to which I have added coloring and annotations to facilitate

understanding.

R =T #— 28 a-b
- T T protective layer + lubricant layer

.- 24 hard magnetic storage layer

_..—— 22 coupling layer

___..— 21 nucleation host

--— 11 a-b seed layer + underlayer

Y interlayer

- 7 soft magnetic underlayer

-— & substrate

Ex-1001, Fig. 1, 4:17-23. I also note that unless I mention otherwise, all coloring
and annotations to the figures were added by me. Bolded text has also been added
throughout my declaration for emphasis unless otherwise indicated.

61. Asshown in Figure 1 above, the *734 Patent’s “recording media
includes hard magnetic storage layer 24 and softer nucleation host 21” with an
“optional coupling layer 22 between them. Id., 4:53-54, 5:35-40. The nucleation
host 21 (green) is “softer” because its coercive field H, is lower than that of the

hard magnetic storage layer 24 (dark green). Id., 5:24-28.
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62. However, it should be noted that Figure 1 (as shown above) is the
only figure in the 734 Patent that depicts the structure of a magnetic recording
medium. Figure 1, however, fails to depict the structure of the claimed magnetic
recording medium, i.e., it does not depict “a nucleation host [21]... formed on the
hard magnetic storage layer [24] such that the hard magnetic storage layer [24] is
between the nucleation host [21] and the non-magnetic substrate [5],” as required
by claim 1 of the 734 Patent. For purposes of this declaration, I have revised
Figure 1 of the 734 Patent to show the structure of the magnetic recording

medium as claimed:

e e 00 8D
T e TR o SRR T protective layer + lubricant layer

__— 21 nucleation host

... 22 coupling layer

_ .- 24 hard magnetic storage layer

—--— 11 a-b seed layer + underlayer
— 9 interlayer

-7 soft magnetic underlayer

h— 5 substrate

Ex-1001, Fig. 1 (revised, to show nucleation host on top).
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63. Asthe 734 Patent itself acknowledges, “magnetic multilayer
structures composed of magnetically hard and magnetically soft layers” were
nothing new. Id., 1:54-58. What was purportedly new was the “special multilayer
host layer (nucleation host).” Id., 2:48-52. For example, “the nucleation host[]
comprises of ferromagnetic layers with increasing anisotropy from layer to layer”
Id., 10:53-55. By introducing “the spatially varying anisotropy in the nucleation
host,” the *734 Patent expects that “the coercive field is reduced..., while the
thermal stability is... not influenced...” Id., 3:48-53. However, as I will show
below, introducing increasingly softer layers as one gets further from the hard
magnetic storage layer, having decreasing anisotropy to achieve a reduction in
coercive field without impairing thermal stability, was well known in the art at the
time of the alleged invention.

64. 1have also reviewed the prosecution history of the *734 Patent.

65. Tunderstand that U.S. Patent No. 9,928,864 (“the *864 Patent,” Ex-
1012), a parent application to the *734 Patent, issued on March 27, 2018, from U.S.
Pat. Appl. No. 12/619,849, filed November 17, 2009. I also understand that
prosecution of the 864 Patent spanned eight years and included eight Office
Actions rejecting the claims under §§102 and 103 based on various combinations

of the same four references. See, e.g., Ex-1013, 323. I understand that the
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Applicant repeatedly amended the claims, and in the final two Office Actions
added the following limitations (underlined) to secure allowance:

A magnetic recording medium, comprising:

an essentially non-magnetic substrate;

an underlayer formed on the non-magnetic substrate; and

an exchange coupled magnetic multilayer structure, including

a hard magnetic storage layer, having a first coercive field H>0.5 T, formed
on the underlayer; and

anucleation host, having a second coercive field H, without the hard magnetic
storage layer, lower than the first coercive field, H,<H,, wherein

said nucleation host

is formed on the hard magnetic storage layer such that the hard magnetic
storage layer is between the nucleation host and the non-magnetic substrate,

is exchange coupled to the hard magnetic storage layer, and

comprises ferromagnetic layers with increasing anisotropy constant K from

layer to layer.

Ex-1013, 110, 193.

66. I understand that in the Notice of Allowance, the Examiner noted that
“the prior art of record does not teach or suggest [(1)] the coercive field relationship
between the nucleation host and hard magnetic storage layer and [(i1)] a nucleation
host comprising multiple ferromagnetic layers with increasing anisotropy constant
K from layer to layer.” Id., 16 (emphasis original).

67. Tunderstand that during prosecution of the *734 Patent, in a First
Office Action, the Examiner rejected all claims on multiple grounds of non-

statutory double patenting. Ex-1002, 227-232. I understand the Examiner further
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rejected claims 13, 16, 17, and 22-24 under pre-AIA 35 U.S.C. § 103(a) as being
unpatentable over US Pub. No. 2007/0243418 (“Fullerton 17), and claims 14, 15,
and 18-21 under pre-AIA 35 U.S.C. § 103(a) as being unpatentable over Fullerton
1 in view of 2003/0108721 (“Fullerton 2). Id., 232. In response, I understand that
the Applicant filed multiple terminal disclaimers and amended claim 1 to read:

“a hard magnetic storage layer, formed from a large perpendicular

anisotropy material, having a first coercive field H&>0.5 T, formed on the
underlayer; and

A nucleation host ...
said nucleation host ...
comprises ferromagnetic layers with increasing anisotropy constant K from

layer to layer, wherein at least two of the ferromagnetic layers are exchange
coupled with a thin coupling layer.”

Ex-1002, 176, 189.

68. I understand that in a second Office Action, the Examiner rejected
claims 1, 2, 4, 6, 7, 14-20, and 25-28 under 35 U.S.C. 112 (pre-AIA), second
paragraph. Ex-1002, 82. I understand the Examiner further rejected claims 25, 27,
and 28 under 35 U.S.C. 112 (pre-AIA), first paragraph. Id., 84. To secure
allowance, I understand that the Applicant further amended claim 1 to read:

“a hard magnetic storage layer, formed from a perpendicular anisotropy

material, having a first coercive field H>0.5 T, formed such that the

underlayer is between the non-magnetic substrate and the hard magnetic
storage layer; and
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A nucleation host ...

said nucleation host ...

comprises at least a first ferromagnetic layer with an anisotropy constant K1
and a second ferromagnetic layer between the first ferromagnetic layer and

the hard magnetic storage layer with an increased anisotropy constant K2
oreater than K1, wherein

the first and second ferromagnetic layers are exchange coupled with an
exchange coupling layer”

Ex-1002, 73 (showing added language only).

69. Thus, [ understand that the Applicant again amended claims to recite
multiple ferromagnetic layers on the hard magnetic storage layer and with
increasing K (anisotropy constants) toward the hard magnetic storage layer in order
to obtain allowance of the *734 Patent claims.

VII. OVERVIEW OF THE PRIOR ART

A. Takenoiri

70. U.S. Patent No. 8,329,321 (“Takenoiri,” Ex-1005) was filed on July
1, 2005 and issued December 11, 2012. I understand that Takenoiri is prior art to
the challenged patent. I also understand that the Examiner was not aware of
Takenoiri during prosecution.

71.  Like the *734 Patent, Takenoiri recognizes the same trade-off between
thermal stability and writeability (or “recordability” as used in Takenoiri): “The

miniaturization of the magnetization reversal unit and the increase of Ku, both
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directed to high recording density, contribute to improve the recording resolution

and the thermal stability of a magnetic recording medium. However, both of these

tend to lower the easiness with which a magnetic recording medium is recorded,

referred to as ‘recordability.”” Ex-1005, 1:62-67. Also, like the *734 Patent,

Takenoiri introduces a softer magnetic recording layer 7 (green) on top of a hard

magnetic recording layer 5 (dark green), coupled by a coupling layer 6 (purple), as

illustrated below. Again, I have colored the figures to facilitate their

understanding.

Fig. 1 bi-layer

~—9
8
~--7 second magnetic recording layer

~— 6 coupling layer

5 first magnetic recording layer

U 4 4 nonmagnetic intermediate layer
mm 3 underlayer

2 soft magnetic backing layer

1 nonmagnetic substrate

o e A28 &b
O — _,,,:'_:/_ protective layer + lubricant layer

.21 nucleation host
.. 22 coupling layer
.- 24 hard magnetic storage layer

=11 a-b seed layer + underlayer
9 interlayer

-7 soft magnetic underlayer

- 5 substrate

Ex-1005, Fig. 1

Ex-1001, Fig. 1
(revised, to nucleation host on top)

72.  According to Takenoiri, this structure achieves “simultaneous

improvements in thermal stability and recordability” because “each magnetic layer

reverses magnetization individually.” Ex-1005, 5:8-15. For example, when an

external magnetic field is applied, the second magnetic recording layer 7 with

lower coercive field reverses first. Id., 5:15-20. Now, the magnetization of the
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soft layer (i.e., the second magnetic recording layer 7) is opposite to that of the
hard layer (i.e., the first magnetic recording layer 5), providing an additional
magnetic field, often referred to as exchange coupling field as I mentioned above,
to the hard layer, assisting the switching of the hard layer. Consequently, the first
magnetic recording layer 5 with higher coercive field then switches at a lower
external magnetic field in comparison with the case when the second magnetic
recording layer 7 is absent. Id., 5:36-40. For the bi-layer structure illustrated in
Takenoiri’s Figure 1 above, such individual or sequential magnetization switching
is enabled by satisfying the conditions, for example, Hk;>Hk, and Ku;, T;>Ku,T>,
where Hk,, Ku;, and T, are an anisotropy magnetic field, a uniaxial anisotropy
constant, and a thickness of the first magnetic recording layer, respectively, and
Hk,, Ku,, and T, are an anisotropy magnetic field, a uniaxial anisotropy constant,
and a thickness of the second magnetic recording layer, respectively. Id., claim 1.
73.  Takenoiri explains:
At the moment of the magnetization reversal in the first magnetic
recording layer [5], the second magnetic recording layer [7] has already
reversed the magnetization thereof. So, the magnetization reversal in

the first magnetic recording layer [5] is easy owing to the effect of the
magnetic field of the second magnetic recording layer...

On the other hand, because the ferromagnetic coupling exists between
the magnetic recording layers, as shown in FIG. 2, the energy barrier is
high and thermal stability is kept high. By reversing the magnetization
of each magnetic recording layer individually and sequentially, the
switching field can be more effectively lowered without impairing
thermal stability.
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Ex-1005, 5:41-59.

74.  While Takenoiri does not use the exact term “exchange spring,” the
term “exchange coupling” is at the center of the patent and used numerous times.
A POSITA would have understood that Takenoiri’s magnetic recording medium is
a type of exchange spring magnetic recording media because Takenoiri’s magnetic
recording medium includes exchanged coupled magnetically soft and hard layers.
See Section V.C.

75.  While Takenoiri depicts a bi-layer structure in Figure 1, it also
expressly discloses that “structure having three or more magnetic recording
layers still produces the effect of improving thermal stability and the effect of
reducing switching field at the same time” when the individual or sequential
magnetization reversal can be maintained by satisfying similar conditions for Hk,
Ku, and T across these three or more layers. Ex-1005, 10:7-18. 1 will discuss
Takenoiri’s tri-layer structure in more detail below in Section XII.A. And as I will
explain for claim 1 below, Takenoiri’s tri-layer structure teaches the exact same
“nucleation host” (with varying anisotropy) that the challenged patent claims.

B. Fullerton

76. U.S. Patent No. 6,834,026 (“Fullerton,” Ex-1006) was filed on July
23, 2003, and issued December 21, 2004. I understand that Fullerton is prior art to

the challenged patent. As I will explain below, Fullerton discloses various high-
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anisotropy materials suitable for magnetic recording layers, including the materials
recited in claims 5-6 and 9-11 of the *734 Patent. I understand that during
prosecution of the *734 Patent, the Examiner relied on US 2003/0108721
(Fullerton 2 that I described above), a related patent application of Fullerton, for
disclosing the materials recited in claims 5-6 and 9-11 of the 734 Patent, with
which the Applicant did not dispute. Ex-1002, 214-215.

C. Shen

77.  Composite perpendicular magnetic recording media using [Co/PdSi],
as a hard layer and FeSiO as a soft layer (“Shen,” Ex-1007) was publicly available
at least as early as May 17, 2005. Ex-1036, 450. I understand that Shen is prior art
to the challenged patent. I also understand that Shen was cited in an IDS submitted
by the Applicant but was not relied by on the Examiner. As I will explain below,
Shen discloses a hysteresis loop that meets the requirements in claim 12 of the
"734 Patent.

VIII. CLAIM CONSTRUCTION

78. T understand that the court in MR Technologies GmbH v. Western
Digital Technologies, Inc., 8-22-cv-01599 (C.D. Cal.) (the “Western Digital case™)
issued a claim construction order, which provides claim construction for certain
terms in related patents, U.S. Patent No. 9,928,864 (“the 864 Patent”) and U.S.

Patent No. 11,138,997 (“the *997 Patent”), and some of these construed terms are
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also recited in the challenged claims. I understand that the claim constructions
from the Western Digital case are not binding in this proceeding.

79.  For purposes of this declaration, I have applied the plain and ordinary
meaning of all terms, as I do not believe that any of the claim terms deviate from

their common and well understood meanings to POSITAs at the relevant time.

IX. ANTICIPATION

80. I have been instructed as to the definition of “anticipation” in the
context of the patent laws.

81. I understand that anticipation of a claim requires that every element of
a claim be disclosed expressly or inherently in a single prior art reference, in
combination, as claimed. I understand that a single prior art reference may
anticipate claims without expressly disclosing a feature of the claimed invention if
that feature 1s necessarily present, or inherent, in that reference. I understand that a
reference is read from the perspective of one of ordinary skill in the art at the time
of the invention.

X. OBVIOUSNESS

82. I have been instructed as to the definition of “obviousness” in the
context of the patent laws.
83. It is my understanding that obviousness is a question of law based on

underlying factual issues including (1) the scope and content of the prior art, (2)
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the differences between the prior art and the challenged claims, (3) the level of
ordinary skill in the pertinent art, and (4) the existence of secondary considerations
such as commercial success, long-felt but unresolved needs, failure of others,
copying, industry praise, etc.

84. It is also my understanding that I should first determine the scope and
content of the prior art, then consider the differences, if any, between the prior art
and each challenged claim; and that in doing so, although it is proper to consider
differences between the claimed invention and the prior art, I should not focus on
only the differences, because the test is whether the claimed invention as a whole
would be obvious over all of the prior art. It is also my understanding that, in
evaluating validity, each claim of the patent must be considered separately and in
its entirety.

85. It is my understanding that the next step is to determine the level of
ordinary skill in the art to which the claimed invention pertains at the time the
invention was made.

86. It is my understanding that a POSITA is presumed to have knowledge
of the relevant prior art at the time of the claimed invention; and that if I find that
the available prior art shows, discloses, teaches or suggests each of the elements of

the challenged claims, I should determine whether a POSITA would have had a
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reason to combine or coordinate these elements in the same manner as the
challenged claim.

87.  I'understand that an obviousness evaluation can be based on a single
reference or a combination of multiple prior art references.

88. I understand that for a single reference or a combination of references
to render obvious the claimed invention, a POSITA must have been able to arrive
at the claimed invention by altering or combining the applied reference or
references. I also understand that obviousness arises where it is determined that
the claimed invention implemented a predictable variation of prior art elements or
amounts to nothing more than the predictable use of prior art elements according to
their established functions.

89. I understand that the prior art references themselves may provide an
explicit suggestion, motivation, or reason to combine, but that the suggestion to
combine may also arise from the state of the prior art generally. I also understand
that when considering the obviousness of a patent claim, one should consider
whether a teaching, suggestion, or motivation to combine the references exists to
avoid impermissibly applying hindsight when considering the prior art. I
understand this test should not be applied rigidly, but that the test can be important

to avoid such hindsight.
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XI. OPINIONS REGARDING PATENTABILITY

90. In my opinion, claims 1-2, 4, and 7-8 of the 734 Patent are obvious
over Takenoiri. Additionally, claims 5-6 and 9-11 are obvious over Takenoiri in
view of Fullerton. Claim 12 is obvious over Takenoiri in view of Shen.

91. TIhave based my opinion on the following references:

- Takenoiri: U.S. Patent No. 8,329,321 titled “Perpendicular Magnetic

Recording Medium” to Shunji Takenoiri and Yasushi Sakai (“Takenoiri,”

Ex-1005), was filed July 1, 2005 and issued December 11, 2012. 1

understand that Takenoiri is prior art to the challenged patent.

- Fullerton: U.S. Patent No. 6,834,026 titled “Method for Thermally-

Assisted Recording on a Magnetic Recording Disk™ to Eric E. Fullerton,

Stefan Maat, and Jan-Ulrich Thiele (“Fullerton,” Ex-1006), was filed on July

23,2003, and issued December 21, 2004. I understand that Fullerton is prior

art to the challenged patent.

- Shen: The paper titled Composite Perpendicular Magnetic Recording

Media Using [Co/PdSi], as a Hard Layer and FeSiO as a Soft Layer

(“Shen,” Ex-1007) was authored by W. K. Shen, J. M. Bai, R. H. Victora, J.

H. Judy, and Jian-Ping Wang. Shen was publicly available at least as early

as May 17, 2005. Ex-1036, 950. I understand that Shen is prior art to the

challenged patent.
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In my opinion, the challenged claims of the *734 Patent are

unpatentable based on the following grounds:

Ground | Statute Reference(s) ’734 Patent Claims
1 §103 Takenoiri 1-2,4,7-8
2 §103 Takenoiri + Fullerton 5-6,9-11
3 §103 | Takenoiri + Shen 12

XII. MY OPINIONS ASTO THE CHALLENGED CLAIMS OF THE ’734

PATENT

A.
93.

Takenoiri’s Tri-Laver Structure

As I discussed in Section VII.A above, Takenoiri discloses a bi-layer

embodiment shown in Figure 1, which includes two magnetic recording layers:

first magnetic recording layer 5 and second magnetic recording layer 7, coupled by

coupling layer 6. Ex-1005, 5:66-6:6.
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Fig. 1 bi-layer
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~—7 second magnetic recording layer
6 coupling layer

~—5 first magnetic recording layer
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\\\\\\\\\\\\\ s
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Ex-1005, Fig. 1.

94.  Takenoiri expands on the disclosure, teaching that the structure can
have “three or more layers” where “[t]he ferromagnetic coupling is provided
between every two magnetic recording layers through a coupling layer.” Id., 10:7-
10.

95.  While Takenoiri does not explicitly state where a third magnetic
recording layer would be positioned in its bi-layer structure, it is my opinion that a
POSITA would have found it obvious to put it above the second magnetic
recording layer 7. For example, Takenoiri compares its bi-layer structure against

the single layer structure (e.g., Takenoiri’s Examples 1-6), where the bi-layer
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structure introduces a second magnetic recording layer on top of the first magnetic
recording layer. Thus, when it comes to multilayer structure with three or more
layers, a POSITA would have naturally added the third magnetic recording layer
on top of the second magnetic recording layer, etc. Moreover, a POSITA would
have recognized that there are only three logical options to place the additional
magnetic layer(s): (i) above the second magnetic recording layer 7, (ii) between the
first magnetic recording layer 5 and the second magnetic recording layer 7, or (ii1)
below the first magnetic recording layer 5. Of these options, placement above the
second layer would be the overwhelmingly expected default, absent any contrary
disclosure. This is because layer numbering in Takenoiri’s thin-film stack structure
proceeds from the bottom upward—*“first” denotes the lower layer, “second” the
layer above it, and so on. Accordingly, where a device is described as having
“first” and “second” magnetic recording layers, a POSITA would expect that a
“third” layer, unless otherwise specified, would naturally be formed above the
“second” layer. No deviation from this convention is suggested or implied in the
reference. Thus, it is my opinion that it would have been obvious to a POSITA to
at least try option (i). For purposes of this declaration, I focus on the first
configuration, although it is my opinion that the relative coercive field H

relationship and relative anisotropy constant Ku relationship across these layers (as
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I will discuss for claim 1 below) remain the same regardless of which

configuration is implemented for the same reasons explained in this declaration.
96. Below is Takenoiri’s Figure 1 with my revision to illustrate a three (or

more) magnetic recording layered structure, with additional layers added to the bi-

layer structure.

Fig. 1

. ////// //////

K

n-th magnetic recording layer

(

n-th coupling layer

/

additional layers —
third magnetic recording layer

second coupling layer

7 second magnetic recording layer
6 coupling layer

5 first magnetic recording layer

I~ 4

AN
QL

AN\

Ex-1005, Fig. 1 (tri-layer structure in modified Fig. 1). To distinguish from

Takenoiri’s bi-layer structure, I will refer to Takenoiri’s multilayer structure with

three or more magnetic recording layers as “tri-layer structure.”
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97.  As shown above, a second coupling layer (red) is disposed between
the second magnetic recording layer 7 (green) and the third magnetic recording
layer ( ) as taught by Takenoiri: “[t]he ferromagnetic coupling is
provided between every two magnetic recording layers through a coupling layer.”
1d., 10:8-10.

98.  Therefore, it is my opinion that Takenoiri discloses, or at least renders
obvious, a tri-layer structure, as illustrated in the revised Figure 1 above.

B. My Opinions as to Claims 1-2. 4. and 7-8 in view of Takenoiri
alone

1. Claim 1

99. In my opinion, claim 1 of the 734 Patent is unpatentable because it is
obvious over Takenoiri. Claim 1 of the 734 Patent recites the following. I
address each of these limitations in my analysis below.

1[P]: A magnetic recording system, comprising:
1[A]: a writing head; and

1[B]: a disk, including a magnetic recording
medium, comprising

1[C]: an essentially non-magnetic substrate;
1[D]: an underlayer; and

1[E]: an exchange coupled magnetic multilayer
structure, including
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1[F]: a hard magnetic storage layer, formed
from a perpendicular anisotropy material,
having a first coercive field H>0.5 T,

1[G]: formed such that the underlayer is
between the non-magnetic substrate and the
hard magnetic storage layer; and

1[H]: a nucleation host, having a second
coercive field H, without the hard magnetic
storage layer, lower than the first coercive
field, H,<H,, wherein

1[I]: said nucleation host

is formed on the hard magnetic
storage layer such that the hard
magnetic storage layer is between the
nucleation host and the non-magnetic
substrate,

1[J]: is exchange coupled to the hard
magnetic storage layer, and

1[K]: comprises at least a first
ferromagnetic layer with an
anisotropy constant K1 and a second
ferromagnetic layer between the first
ferromagnetic layer and the hard
magnetic storage layer with an
increased anisotropy constant K2
greater than K1; wherein

1[L]: the first and second
ferromagnetic layers are exchange
coupled with an exchange coupling
layer.
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a.  1[P]

100. The preamble of claim 1 recites “[a] magnetic recording system.” If
the preamble is considered a limitation of the claim, it is my opinion that Takenoiri
discloses it.

101. Takenoiri is directed to “a perpendicular magnetic recording medium
mounted on various magnetic recording devices,” such as “a hard disk drive
used for an external storage device of computers, AV equipment, and other
apparatus.” Ex-1005, 1:14-19; see also id. at 1:20-33 (discussing development of
“a perpendicular magnetic recording system” in place of “the longitudinal
magnetic recording system” used in “hard disk drives (HDDs)”’). Moreover, as I
will discuss below, Takenoiri discloses all remaining claim elements, and as such
discloses “[a] magnetic recording system [e.g., a magnetic recording device, such

as a hard disk drive, having the claimed elements described below].”

b. 1[A]

102. Limitation 1[A] requires: “a writing head.”

103. Takenoiri discloses a “magnetic head used for magnetic recording.”
Ex-1005, 6:13-16 (“Soft magnetic backing layer 2 is preferably formed to improve
read/write characteristics by controlling the magnetic flux from the magnetic
head used for magnetic recording.”); see also id., 6:21-22 (“magnetic head used

for recording”), 6:49 (“recording head”), 16:41 (“magnetic recording head”). In
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the field of magnetic recording media, recording means writing. Further, a
“writing head” is a necessary component of a hard disk drive to enable “recording”
or “writing.” See, e.g., Ex-1017, p.9 (“critical disk drive components such as red-
write heads”); Ex-1036, 474; Ex-1018, pp.3-4 (“Hard disk drives are built in four
main subchains: electronics, head subassemblies, media, and motors... These four
parts constitute the major subassemblies of disk drives.”); Ex-1036, §78. Thus,
Takenoiri’s “magnetic head” used for writing, discloses the claimed “writing
head.”

104. Therefore, in my opinion, Takenoiri discloses “a writing head [e.g.,

Takenoiri’s magnetic head used for writing].”

C. 1[B]

105. Limitation 1[B] requires: “a disk, including a magnetic recording
medium.”

106. Takenoiri discloses “a perpendicular magnetic recording medium
mounted on a hard disk drive,” which applies to the embodiment described in
Figure 1 and the tri-layer structure. Ex-1005, 1:14-19. In my opinion, a POSITA
would have understood that, as its name confirms, a hard disk drive includes a
disk and that Takenoiri’s magnetic recording medium is part of the disk. See also

my discussion about “platter” in Section V.A above.
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107. The *734 Patent also confirms that a disk was a well-known
component of a magnetic recording device. See, e.g., Ex-1001, 6:24
(“conventional disk overcoat”), 6:29 (“commercially available single disk
systems”).

108. Therefore, it is my opinion that Takenoiri discloses “a disk [e.g., a
disk as a necessary part of Takenoiri’s hard disk drive], including a magnetic

recording medium [e.g., Takenoiri’s perpendicular magnetic recording medium].”

d. 1[C]

109. Limitation 1[C] requires: “an essentially non-magnetic substrate.”

110. I note that the 734 patent specification only mentions an “essentially
non-magnetic substrate” once in passing (Ex-1001, 10:21-23) and does not provide
any explanation as to what it means to be “essentially”” non-magnetic. Instead, the
’734 patent specification repeatedly uses the term “non-magnetic substrate.” See,
e.g.,id.,10:17,11:64, 12:5. Moreover, later limitations in claim 1 (i.e., limitations
1[G] and 1[I]) use the term “the non-magnetic substrate” but do not provide any
antecedent basis for this different term. It is my opinion that a POSITA would
have understood that the term “the non-magnetic substrate” in limitations 1[G] and
1[1] refers to the “essentially non-magnetic substrate” in the present limitation.
Therefore, in my opinion, a POSITA would have understood “essentially non-

magnetic substrate” to at least include a “non-magnetic substrate.”
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111. Takenoiri discloses a “[nJonmagnetic substrate 1 [blue]...composed
of an aluminum alloy with NiP plating, strengthened glass, crystalline glass, or
the like.” Ex-1005, 6:7-10. These are the same or similar substrate materials in
the 734 Patent. See Ex-1001, 4:26-28 (“‘Substrate 5 may be made of any suitable
material such as ceramic glass, amorphous glass, or NiP plated AIMg or an
AlMg alloy base with a NiP surface coating.”).

Fig. 1
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Ex-1005, Fig. 1 (tri-layer structure in modified Fig. 1).
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112. Therefore, it is my opinion that Takenoiri discloses “an essentially

non-magnetic substrate [e.g., Takenoiri’s non-magnetic substrate 1].”

e. 1[D]

113. Limitation 1[D] requires: “an underlayer.”
114. The 734 Patent discloses “a soft magnetic underlayer 7 and an
“underlayer 11b,” as well as an interlayer 9 and a seed layer 11a in between. Ex-

1001, 4:17-25 (describing Figure 1).

Fig. 1

o 28 ab

e protective layer + lubricant layer

____ 21 nucleation host

- 22 coupling layer

_. 24 hard magnetic storage layer

- 11 a-b seed layer + underlayer

— 9 interlayer

-7 soft magnetic underlayer

Ex-1001, Fig. 1 (revised, to nucleation host on top).
115. I note that the claims of the *734 Patent only recite a positional

requirement in limitation 1[G], which recites “[the hard magnetic storage layer]
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formed such that the underlayer is between the non-magnetic substrate and the
hard magnetic storage layer.” Id., claim 1.

116. I also note that the claims do not specify that the “underlayer” be a
single layer formed from a single material between the non-magnetic substrate and
the hard magnetic storage layer. I understand that the Western Digital court’s
construction for the term “underlayer” was: “one or more layers on which the
hard magnetic storage layer is formed.” Ex-1019 (Western Digital CC Order),
p.21-22.

117. Takenoiri discloses that “[o]n nonmagnetic substrate 1 sequentially
formed are soft magnetic backing layer 2, underlayer 3, nonmagnetic

intermediate layer 4, first magnetic recording layer 5...” Ex-1005, 6:1-4.
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Fig. 1
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Ex-1005, Fig. 1 (tri-layer structure in modified Fig. 1).

118. As I will explain for limitation 1{F] in Section XII.B.1.g below,
Takenoiri’s first magnetic recording layer 5 discloses the claimed “hard magnetic
storage layer.” Thus, it is my opinion that one or more of Takenoiri’s soft
magnetic backing layer 2, underlayer 3, and/or nonmagnetic intermediate layer 4
correspond to the claimed “underlayer” and are located between the Takenoiri’s
nonmagnetic substrate 1 (the claimed non-magnetic substrate) and first magnetic

recording layer 5 (the claimed hard magnetic storage layer).
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119. Iwould like to note that while Takenoiri refers to layer 2 as soft
magnetic backing layer, a POSITA would have understood it to refer to the soft
underlayer (often referred to as “SUL”, as I have shown in the PMR figure in
Section V.B above), which, as Takenoiri discloses, is formed to improve read/write
characteristics by controlling the magnetic flux from the magnetic head used for
magnetic recording. Ex-1005, 6:13-16. Also like the 734 Patent’s soft magnetic
underlayer 7, Takenoiri’s soft magnetic backing layer 2 is (i) formed “on the
nonmagnetic substrate...before deposition of other layers,” (i1) composed of
materials such as “FeTaC or Sendust alloy (FeSiAl), or an amorphous cobalt alloy
such as CoZrNb...,” and (iii) with a thickness “in a range of 10 nm to 500 nm.”
Ex-1005, 6:16-29; Ex-1001, 4:29-35 (compare to 734 Patent’s “[s]oft magnetic
underlayer 7 ... on substrate 5. soft [sic] magnetic underlayer 7 may be made of
any suitable material such as...FeTaC,...FeAlSi,...CoZrNb... Soft magnetic
underlayer 7 may have a thickness in the range of about 50 nm to about 500
mm.”). Like the *734 Patent’s underlayer 11b, Takenoiri’s nonmagnetic
intermediate layer 4 is also (i) “formed to appropriately control the crystal
alignment, the grain size, and the grain boundary segregation in first magnetic
recording layer 5,” (i1) composed of materials such as “ruthenium-based alloy,”
and (ii1) with a thickness “in the range of 1 nm to 20 nm.” Ex-1005, 6:52-65; Ex-

1001, 4:46-51 (“Underlayer 11b may be formed of a suitable hcp material with a

52



Case No. [PR2026-00016
Patent No. 12,020,734

lattice parameter close to the alloys of the first layer in the magnetic layer. These
alloys may be... Ru-based alloys... Underlayer 11 b may have a thickness in the
range of about 1 nm to about 20 nm.”).

120. To the extent that the claimed “underlayer” requires a single layer, it
1s my opinion that each of Takenoiri’s soft magnetic backing layer 2, underlayer 3,
and nonmagnetic intermediate layer 4 constitutes a single underlayer and Takenoiri
notes that each of these layers “may be omitted.” Ex-1005, 6:16, 6:33-34, 6:55.
For example, when layers 2 and 4 are omitted, Takenoiri’s underlayer 3 discloses
the claimed “underlayer.” This same is true for soft magnetic backing layer 2 and
nonmagnetic intermediate layer 4.

121. Therefore, in my opinion, Takenoiri discloses “an underlayer [e.g.,
one or more of Takenoiri’s soft magnetic backing layer 2, underlayer 3, and/or

nonmagnetic intermediate layer 4].”

f. 1[E]

122. Limitation 1[E] requires: “an exchange coupled magnetic multilayer
structure.”

123. As I explained above in Section XII.A, Takenoiri discloses a three-or-
more layered structure (e.g., tri-layered structure shown in revised Figure 1 below),
where every two magnetic recording layers are ferromagnetically coupled via a

coupling layer. Ex-1005, 10:8-10. According to Takenoiri, such coupling layer
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provides exchange coupling between two adjacent magnetic recording layers. See,
e.g., id., Ex-1005, 5:63-65 (“conditions of the coupling layer for controlling the
exchange coupling energy between the magnetic recording layers”). In my
opinion, a POSITA would have understood that ferromagnetic coupling is a type of
exchange coupling. I also note that by 2005, the fact that the nature
(antiferromagnetic or ferromagnetic) of the exchange coupling and its strength can
be tuned by choosing different materials at adequate thickness had been well
understood in the field as appreciated by Dr. Parkin of IBM in 1991. See Ex-1031;
Ex-1036, 998. As Dr. Parkin pointed out, the exchange coupling can be finely
tuned by selecting an interlayer, using selected materials, and selecting appropriate
thickness.

124. Accordingly, Takenoiri’s coupling layer 6 and additional coupling
layers added between adjacent additional magnetic layers per Takenoiri (including
the second coupling layer and n-th coupling layer) are coupling layers that
exchange couple the first, second, third,...and n-th magnetic recording layers

within the multilayer structure.
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Fig. 1
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Ex-1005, Fig. 1 (tri-layer structure in modified Fig. 1).

125. Moreover, as I will discuss below, Takenoiri discloses all of the
elements required in the recited “exchange coupled magnetic multilayer structure,”
including the recited “hard magnetic storage layer” and “nucleation host.”

126. Therefore, in my opinion, Takenoiri discloses “an exchange coupled
magnetic multilayer structure [e.g., Takenoiri’s multilayered structure with three
or more magnetic recording layers exchange coupled to one another, having the

recited structures described below].”
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g 1[F]

127. Limitation 1[F] requires: “a hard magnetic storage layer, formed from
a perpendicular anisotropy material, having a first coercive field H>0.5 T.” 1 will
address different aspects of this limitation in turn below.

128. First, in my opinion, Takenoiri’s multilayer structure (including a tri-
layer structure shown above) includes a “magnetic storage layer, formed from a
perpendicular anisotropy material.”

129. In the ’734 Patent, “[h]ard magnetic storage layer 24 may be formed
from any material that has large perpendicular anisotropy,” such as “CoPt...based
alloys, CoPtCr alloys, including CoPtCrB, CoPtCrTa, and CoCr based granular
media.” Ex-1001, 4:59-63.

130. In my opinion, Takenoiri discloses the same. Specifically,
Takenoiri’s multilayer structure (including the tri-layer structure shown below)
includes a first magnetic recording layer 5 (dark green), whose “axis of easy
magnetization...align[s] in the direction perpendicular to the film surface for the

use in a perpendicular magnetic recording medium.” Ex-1005, 6:66-7:5.
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Id., Fig. 1 (tri-layer structure in modified Fig.

CoCrPt—Al,Os...or CoCrPt—Si3Ny,” 1.e.,

disclosed in the 734 Patent. Id., 7:5-9.

1). Example materials for Takenoiri’s

first magnetic recording layer 5 include “an alloy material such as CoPt, CoCrPt,

CoCrPtB, or CoCrPtTa...or a granular material of...CoCrPtO, CoCrPt—SiO,,

some of the exact same materials as

131. Second, in my opinion, Takenoiri’s first magnetic recording layer 5 is
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132. While the *734 Patent appears to define “hard” as having a “coercive
field H>0.5 T” and “soft” as having a “coercive field [] H.<0.5 T,” it also states
that “[1]n some embodiments[,] these terms are defined in a relative sense,” e.g.,
“the coercive field of (soft) nucleation host 21 can be half of the coercive field of
hard magnetic storage layer 24,” but “this ratio can be different.” Ex-1001, 5:20-
27. Thus, the 734 Patent does not define what constitutes a “hard” magnetic
storage layer. Nonetheless, Takenoiri discloses “a hard magnetic storage layer”
having a “first coercive field H>0.5 T” (which I will address here below) that is
higher than the nucleation host (which I will address for limitation 1[H] below).

133. Because Takenoiri’s first magnetic recording layer 5, as its name
suggests, is used for magnetic recording, it is my opinion that a POSITA would
have understood that it also meets the Western Digital court’s claim construction
for the term “hard magnetic storage layer”: “a magnetic layer that stores
information in magnetically oriented bits.” Ex-1019 (Western Digital CC Order),
p.20.

134. In my opinion, Takenoiri’s first magnetic storage layer 5 having a
coercive field (H.) greater than 0.5 T is separately shown in three groups of
embodiments.

135. As I explained in the technical background, coercivity and coercive

field are synonymous, which is denoted by H.. Thus, while the 734 Patent claim 1
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uses Hs and H,, to refer to switching of magnetic media, the coercive field, it is
most often denoted by H., is the switching field H; at zero magnetization state
where half of the grains have reversed. In this declaration therefore, to avoid any
confusion, I will use H, to refer to H;s recited in the challenged claims.

136. Takenoiri’s Example 1 and Comparative Example 1. The coercivity

(H.), 1.e., coercive field, of the first magnetic recording layer 5 in Takenoiri’s
Example 1 is determined by looking at both Example 1 and Comparative Example
1. Because the structure in Takenoiri’s Example 1 includes, among other things, a
first magnetic recording layer 5, a coupling layer 6, and a second magnetic
recording layer 7 (Ex-1005, 10:56-66), while the structure in Takenoiri’s
Comparative Example 1 is the same as Example 1 except that it includes only the
first magnetic recording layer 5, with neither the coupling layer 6 nor the second
magnetic recording layer 7, the coercivity (Hc) of the first magnetic recording layer
5 in Takenoiri’s Example 1 and Comparative Example 1 is 6770 Oe (red). Id.,

11:17-21.
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TABLE 1
[tem Example 1  Comp Ex 1
He 4,710 6,770
(Oe)
TAA [336 kfci] 1.82 1.29
(mVp-p)
normalized noises [336 kfci] (uVrms/mVp-p) 19.5 22.4
S/N [336 kfci] 25.5 23.5
(dB)
Dso 371 344
(kfci)
decay rate of output signals [28 kfci] 0.67 0.25
{%/decade)

1d., 12:30-42 (Table 1).

137. The unit conversion for coercive field is 1 Tesla (T) = 10k Oersted
(Oe). Ex-1021, p.9 (“I1Tesla (10,000 Oe)”). Therefore, the coercive field of the
first magnetic recording layer in Takenoiri’s Example 1 (and Comparative
Example 1) is 0.677 T, which is greater than 0.5 T.

138. Takenoiri’s Example 2 and Comparative Example 3. Similarly, the H,

of the first magnetic recording layer 5 in Takenoiri’s Example 2 is measured via
Comparative Example 3 because the structure in Comparative Example 3 is the
same as in Example 2 except that it includes only the first magnetic recording layer
5, with no coupling layer 6 or second magnetic recording layer 7. Ex-1005, 13:49-

58, 14:9-13. As shown below, the H of the first magnetic recording layer 5 in
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Takenoiri’s Example 2 and Comparative Example 3 is 6990 Oe (red), which is

0.699 T, which is greater than 0.5 T.

TABLE 3
Item Example 2 Comp Ex 3
Hc 5,214 6,990
(Oe)
O/'W 46.5 16.0
(dB)
normalized noises [336 kfci] (WVrms/mVp-p) 22.8 23.1
S/N [336 kfci] 243 22.9
(dB)
Dso 396 349
(kfcr)
decay rate of output signals [28 kfci] 0.01 4.66
(%/decade)

Id., 14:54-67 (Table 3).

139. Takenoiri’s Examples 3-6 and Comparative Example 4. Similar to the

above pairs of examples, the H; of the first magnetic recording layer 5 in each of
Takenoiri’s Examples 3-6 1s measured via Comparative Example 4, which includes
only the first magnetic recording layer 5, with no coupling layer 6 or second
magnetic recording layer 7. Ex-1005, 15:21-30, 16:23-27. As shown below, the
H. of the first magnetic recording layer in Examples 3-6 (whose first magnetic
recording layer 5 is identical to that of Comparative Example 4 (id., 15:45-16:20)),

1s 6449 Oe (red), which is 0.6449 T, which is greater than 0.5 T.
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TABLE 4
Example 3 Example 4 Example 5 Example 6 Comp Ex 4
first composition (Co72Cr oPt15)ge(S105) 1o
magnetic  thickness 9.5 9.5 9.5 9.5 9.5
recording  (nm)
layer
coupling  composition Ru Ru Ru Ru none
layer thickness 1.6 0.25 0.25 0.25 none
(nm)
second composition  Cog CryyPt 3B, Cog CrynPt 3By CogCrymPtsB,  Coy5CryBy none
magnetic  thickness 6.5 6.5 6.5 6.5 none
recording  (nm)
layer
He 5,016 5,119 4,490 4,176
(Oe)
O/wW 38.1 37.4 45.6 46.2 24.7
(dB)

1d., 16:50-67 (Table 4).

140. Thus, as I have explained above, in each of Takenoiri’s Examples 1-6,
the first magnetic recording layer 5 has a coercive field greater than 0.5 T.
Because Takenoiri’s tri-layer structure includes the same first magnetic recording
layer 5, Takenoiri’s tri-layer structure therefore includes a hard magnetic storage
layer having a coercive field greater than 0.5 T.

141. Therefore, in my opinion, Takenoiri discloses “a hard magnetic
storage layer [e.g., Takenoiri’s first magnetic recording layer 5], formed from a
perpendicular anisotropy material [e.g., material used for Takenoiri’s first
magnetic recording layer 5 in a perpendicular magnetic recording medium, whose
axis of easy magnetization is perpendicular to the film surface], having a first

coercive field H>0.5 T [e.g., in each of Takenoiri’s Examples 1-6, the coercive
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field of the first magnetic recording layer 5 is 0.677 T, 0.699 T, or 0.6449 T,
respectively, which are all greater than 0.5 T].”

142. To the extent that the recited “first coercive field” refers to the
coercive field of the hard magnetic storage layer with the nucleation host, it is my
opinion that Takenoiri also discloses or at least renders obvious this limitation. For
example, as I show below, Takenoiri discloses in Examples 2-4 that the coercive
field of the entire structure 1s 0.5214 T, 0.5016 T, and 0.5119 T, respectively.
Because the completion of magnetic reversal of an entire composite magnetic
recording medium structure depends on the completion of magnetic reversal of the
hardest layer within the stack (e.g., Takenoiri’s first magnetic recording layer 5,
see my discussion below in Section XII.B.1.1 for limitation 1[K]), a POSITA
would have understood that for Takenoiri’s multilayer structure, the coercive field
of the first magnetic recording layer 5 in the stack of layers) in Examples 2-4 is at
least 0.5214 T, 0.5016 T, and 0.5119 T, respectively, which are all greater than 0.5

T.
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TABLE 3
Item Example 2  Comp Ex 3
He 5,214 6,990
(Oe)
O/W 46.5 16.0
(dB)
normalized noises [336 kfci] (uVrms/mVp-p) 22.8 23.1
S/N [336 kfci] 243 22.9
(dB)
Dso 396 349
(kfci)
decay rate of output signals [28 kfci] 0.01 4.66
(%/decade)
Ex-1005, Table 3.
TABLE 4
Example 3 Example 4 Example 5 Example 6 Comp Ex 4

first composition (Co75CroPtyg)oo(Si05) 10
magnetic  thickness 9.5 9.5 9.5 9.5 9.5
recording  (nm)
layer
coupling  composition Ru Ru Ru Ru none
layer thickness 1.6 0.25 0.25 0.25 none

(nm)
second composition  Cog,CrysPt 3B, Cog CrnPt 3B, CogoCrysPtsB,  CoyCrygBy none
magnetic  thickness 6.5 6.5 6.5 6.5 none
recording  (nm)
layer

He [ 5,016 ] [ 5,119 ] 4,490 4176 6,449

(Oe)

O/'W 38.1 37.4 45.6 46.2 24.7

(dB)

1d., Table 4.

143. I note that Comparing Examples 3 and 4 in Table 4 below, it is

apparent that changing the interlayer thickness yield a change in exchange
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coupling and results in a corresponding change of the coercivity of the entire

structure, as well as the corresponding change in overwrite (O/W), which

represents recordability or writability.

TABLE 4
Example 3 Example 4 Example 5 Example 6 Comp Ex 4
first composition (Co7CrioPtg)en(Si05) 10
magnetic  thickness 9.5 9.5 9.5 9.5 9.5
recording  (nm)
layer
coupling  composition Ru Ru Ru Ru none
layer thickness 0.25 0.25 0.25 none
{nm)
second composition  Cog Cry,Pt 3B, Cog CrymPt 3B, CogCrysPtsB,  Coq6CryoBy none
magnetic  thickness 6.5 6.5 6.5 6.5 none
recording  (nm)
layer
He 4,490 4,176 6,449
(Oe)
O/wW 38.1 37.4 45.6 46.2 24.7
(dB)

Ex-1005, Table 4.

144. As I detailed in Section XII.B.1.1 (limitation 1[H]), infra, Takenoiri

teaches introducing softer layer(s) to make switching easier, e.g., by initiating

reversal through the layer stack. See, e.g., Ex-1005, 10:7-18. This allows

Takenoiri to maintain thermal stability by keeping the first magnetic recording

layer with high coercivity/anisotropy. Id. As I also explained in in Section

XIL.B.1.i, Takenoiri’s tri-layer structure introduces a third magnetic recording layer

softer than the second magnetic recording layer 7, which makes switching even

65



Case No. [PR2026-00016
Patent No. 12,020,734

easier than the bi-layer structure. In other words, a POSITA would have
understood that with the additional even softer third magnetic recording layer, even
if the coercivity of the first magnetic recording layer 5 is increased, Takenoiri’s tri-
layer structure is still able to maintain the same level of overall coercivity (thereby
writeability). Therefore, in view of the additional third magnetic recording layer, a
POSITA looking to further improve the thermal stability of Takenoiri’s tri-layer
structure while maintaining its writeability would have been motivated to further
increase the coercivity/anisotropy of the first magnetic recording layer 5, such that
the overall coercivity of the tri-layer structure maintains at the same level as the bi-
layer structure, and would have had reasonable expectation of success as Takenoiri
expressly teaches tuning H. via layer thickness and composition. Ex-1005, 9:23-
29; see also id., 9:63-67.

145. Thus, for Takenoiri’s tri-layer structures built by introducing a third
magnetic recording layer into Takenoiri’s bi-layer structure in Examples 2-4, a
POSITA would have found it obvious to increase the coercivity of the first
magnetic recording layer 5 from the bi-layer structure such that the coercivity of
the entire stack, which is also the coercivity of the first magnetic recording layer
with the second and third magnetic recording layers (i.e., Takenoiri’s “nucleation

host,” see Section XII.B.1.1 (limitation 1[H])) maintains the same as that of the bi-
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layer structure, i.e., 0.5214 T, 0.5016 T, and 0.5119 T, respectively, which are all

greater than 0.5 T as required by this limitation.

h. 1[G]

146. Limitation 1[G] requires: “[the hard magnetic storage layer] formed
such that the underlayer is between the non-magnetic substrate and the hard
magnetic storage layer.”

147. As I explained for limitation 1[D] in Section XII.B.1.e above, one or
more of Takenoiri’s soft magnetic backing layer 2, underlayer 3, and nonmagnetic
intermediate layer 4 correspond to the claimed “underlayer.” As shown in
Takenoiri’s tri-layer structure below, the soft magnetic backing layer 2, underlayer
3, and nonmagnetic intermediate layer 4 are all located between the nonmagnetic
substrate 1 (blue, the claimed “non-magnetic substrate”) and the first magnetic

recording layer 5 (dark green, the claimed “hard magnetic storage layer”).
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Ex-1005, Fig. 1 (tri-layer structure in modified Fig. 1); see also id., 6:1-5 (“On

nonmagnetic substrate 1 sequentially formed are soft magnetic backing layer 2,

underlayer 3, nonmagnetic intermediate layer 4, first magnetic recording layer

5..7).

148. Therefore, in my opinion, Takenoiri discloses “[the hard magnetic

storage layer| formed such that the underlayer [e.g., one or more of Takenoiri’s

soft magnetic backing layer 2, underlayer 3, and/or nonmagnetic intermediate layer

4] is between the non-magnetic substrate [e.g., Takenoiri’s nonmagnetic

substrate 1] and the hard magnetic storage layer [e.g., Takenoiri’s first magnetic

recording layer 5].”
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1. 1[H]

149. Limitation 1[H] requires: “a nucleation host, having a second coercive
field H, without the hard magnetic storage layer, lower than the first coercive field,
H,<H,.”

150. Before diving into the details of Takenoiri’s teachings, I would like to
provide a preview of my opinions for this limitation. In my opinion, Takenoiri
teaches a multilayer magnetic recording structure comprising multiple
ferromagnetically exchange-coupled magnetic recording layers with anisotropy
perpendicular to the medium plane. While its Figures and Examples focus
primarily on bi-layer embodiments, Takenoiri explicitly extends the same
principles to tri-layer (or greater) structures. See Ex-1005, 10:7-10. Specifically, it
discloses that magnetization reversal occurs sequentially through each layer,
enabling a reduction in switching field without sacrificing thermal stability. As I
will show below, in this design, in addition to the first magnetic recording layer,
the system includes multiple additional magnetic recording layers (second, third,
fourth,...n-th magnetic recording layers). These additional magnetic recording
layers are the claimed nucleation host. And as I will also show below, these
additional magnetic recording layers have a coercivity lower than that of the first
magnetic recording layer (i.e., the claimed hard magnetic storage layer). The

additional magnetic recording layers are softer than the first magnetic recording
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layer 5 to which they are coupled and facilitate in its switching. In my opinion,
these layers therefore constitute the recited “nucleation host,” consistent with
Western Digital court’s construction of this term. See, Section XII.B.1.I (limitation

1[K]), infra.

Fig. 1

AN
LN

n-th magnetic recording layer

n-th coupling layer

nudeation host™ ~} third magnetic recording layer

second coupling layer

7 second magnetic recording layer

6 coupling layer

“hard magnetic storage layer” —{ 5 first magnetic recording layer

4

RSy
W/ e

NAAN\g

Ex-1005, Fig. 1 (tri-layer structure in modified Fig. 1). Now I will offer my

analysis in detail.

151. In my opinion, a POSITA would have found it obvious that
Takenoiri’s “nucleation host” (at least second and third magnetic recording layers)
has a coercive field lower than that of the first magnetic recording layer 5 for at

least the following reasons.
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152. Takenoiri’s Examples 1-6 demonstrate that adding a second magnetic
recording layer with lower coercivity (He2) to the first layer (Her) reduces the
overall coercivity (Hei+2).

153. Takenoiri’s Example I and Comparative Example 1. For example, in

Example 1, adding the second magnetic recording layer and a coupling layer drops
H. from 6770 Oe (Comparative Example 1) to 4710 Oe—a 30% reduction. Ex-
1005, 11:16-20, Table 1. Specifically, as I discussed above for limitation 1[F], the
structure disclosed in Takenoiri’s Example 1 and Comparative Example 1 are
identical, except that Example 1 includes the first magnetic recording layer 5, the
coupling layer 6, and the second magnetic recording layer 7, while Comparative
Example 1 includes the first magnetic recording layer 5 and not the coupling layer
6 and the second magnetic recording layer 7. Ex-1005, 10:56-66, 11:17-21. As
shown in Table 1 below, the H. of Example 1 is 4710 Oe and Comparative

Example 1 6770 Oe.

71



Case No. IPR2026-00016
Patent No. 12,020,734

Second magnetic recording layer 7
+
Coupling layer 6
+

First magnet recording layer 5
g gy First magnet recording layer 5

TABLE 1 \ /

4 ¥
Item Example 1  Comp Ex 1
He 4,710 6,770
(Oe)
TAA [336 kfci] 1.82 1.29
(mVp-p)
normalized noises [336 kfci] (uVrms/mVp-p) 19.5 22.4
S/N [336 kfci] 25.5 23.5
(dB)
Dsq 371 344
(kfei)
decay rate of output signals [28 kfci] 0.67 0.25

(%/decade)

1d., 12:30-42 (Table 1). In other words, in Example 1, the H, of the combination of
the first magnetic recording layer 5, the coupling layer 6, and the second magnetic
recording layer 7 (Hc1+2) is 4710 Oe. In Comparative Example 1, H¢; of only the
first magnetic recording layer is 6770 Oe. By introducing the second magnetic
recording layer 7 (as well as the coupling layer 6) on top of the first magnetic
recording layer 5, “the H, in Example 1 was reduced by 2,000 Oe (about 30%) as
compared with Comparative Example 1,” which only has the first magnetic
recording layer 5. Id., 11:64-66.

154. Because in Example 1, H¢; 1s 6770 Oe and H¢j+, is 4710 Oe (which is
lower than H,;), a POSITA would have understood that H; is lower than H; (6770

Oe) because in order to reduce H, of the entire structure such that the
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magnetization reverses at magnetic field lower than H,, (i.e., to make Hc;+, lower
than H,;), the newly introduced layer, i.e., the second magnetic recording layer 7,
must reverse its magnetization at a magnetic field lower than H,,, resulting in He,
being lower than H,;. In fact, a POSITA would have understood that H, is lower
than H¢1+2 (4710 Oe), because otherwise, the value of Hc;+» would have to be above
4710 Oe.
155. The same effect appears in Examples 2—6, with H, consistently

reduced compared to their respective controls. Ex-1005, 12:46-16:49, Tables 3-4.

156. Takenoiri’s Example 2 and Comparative Example 3. As also

discussed above, the structure disclosed in Takenoiri’s Example 2 and
Comparative Example 3 are identical, except that Comparative Example 3 includes
only the first magnetic recording layer 5. Ex-1005, 13:49-58, 14:9-13. As shown
in Table 3 below, the coercive field H, of Example 1 is 5214 Oe and Comparative

Example 1 6990 Oe.
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Second magnetic recording layer 7
+
Coupling layer 6
+

First magnet recording layer 5
g glay First magnet recording layer 5

TABLE 3 \ /
»

Item Exa:lnple 2 CompEx3
He 5,214 6,990
(Oe)

O/'W 46.5 16.0
(dB)

normalized noises [336 kfci] (WVrms/mVp-p) 22.8 23.1
S/N [336 kfci] 24.3 22.9
(dB)

Dsq 396 349
(kfei)

decay rate of output signals [28 kfci] 0.01 4.66

(%/decade)

1d., 14:54-67 (Table 3). In other words, in Example 12, H; is 6990 Oe, and the
Hci:2 18 5214 Oe. Again, by introducing the second magnetic recording layer 7 (as
well as the coupling layer 6) on top of the first magnetic recording layer 5,
“Example 2 reduced the Hc by about 1,800 Oe (about 25%) as compared with
Comparative Example 3,” which only has the first magnetic recording layer 5. Id.,
14:28-30.

157. Because in Example 2, H¢; is 6990 Oe and Hci+, is 5214 Oe (which is
lower than H,;), a POSITA would have understood that H; is lower than H; (6990
Oe) for the same reasons explained above with respect to Example 1. In fact, a

POSITA would have understood that H., is lower than H¢;+» (5214 Oe).
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158. Takenoiri’s Examples 3—6 and Comparative Example 4. As | have

discussed above, the structure disclosed in each of Takenoiri’s Examples 3—6 is
identical to that in Comparative Example 3, except that each of Takenoiri’s
Examples 3—6 includes the first magnetic recording layer 5, the coupling layer 6,
and the second magnetic recording layer 7 (with different thickness for the
coupling layer 6 and different composition for the second magnetic layer 7), while
Comparative Example 4 includes only the first magnetic recording layer 5. Ex-
1005, 15:21-30, 15:45-16:20, 16:23-27. As shown in Table 3 below, the coercive
field H, of Examples 3-6 is 5016 Oe, 5119 Oe, 4490 Oe, and 4176 Oe,

respectively, and the coercive field H, of Comparative Example 4 is 6449 Oe.

Second magnetic recording layer 7
+
Coupling layer 6
+

First magnet recording layer 5

First magnet recording layer 5
TAI\?I,F, 4 \
r'd v Y v
Example 3 Example 4 Example 5 Example 6  Comp Ex 4
first composition (CoCr 6Pt 5)e0(S105) 0
magnetic  thickness 9.5 9.5 9.5 9.5 9.5
recording  (nm)
layer
coupling  composition Ru Ru Ru Ru none
layer thickness 1.6 0.25 0.25 0.25 none
(nm)
second composition  Cog Cry,Pt 3B,y Cog CrynPt 3By CogeCrysPtsBy,  CosxCryoBy none
magnetic  thickness 6.5 6.5 6.5 6.5 none
recording (nm)
layer
Hc 5,016 5,119 4,490 4,176 6.449
(Oe)
O/wW 38.1 374 45.6 46.2 24.7
(dB)

1d., 16:50-67 (Table 4).
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159. Because in Examples 3—6, H; is 6449 Oe and H;+2 1s 5016 Oe, 5119
Oe, 4490 Oe, and 4176 Oe, respectively (each of which is lower than H), a
POSITA would have understood that H, in each of Examples 3—6 is lower than
H.) (6449 Oe) for the same reasons explained above with respect to Example 1. In
fact, a POSITA would have understood that in each of Examples 3—6, H;, is lower
than Hc;+2 in each of Examples 3-6 respectively.

160. In summary, Takenoiri teaches in each of its Examples 1-6 that H, is
lower than both H; and He; 2.

161. Given that H,<H,, it is my opinion that a POSITA would be
motivated to continue this trend in a tri-layer (or more) structure by setting the
coercivity of the third magnetic recording layer H;3<H.; in order to accomplish
Takenoiri’s stated goal of reducing switching fields while maintaining thermal
stability.

162. According to Takenoiri, “each magnetic layer reverses
magnetization individually.” Ex-1005, 5:12-13; see also id., 7:33-35 (“[T]he
thermal stability is improved and simultaneously the switching field is reduced by
individually reversing the magnetization.”); 9:25-28 (“switching field can be
effectively decreased without impairing thermal stability by reversing the
magnetization first in the second magnetic recording layer...”). In particular,

for a bi-layer structure “in which first magnetic recording layer 5 and second
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magnetic recording layer 7 ferromagnetically couple through coupling layer 6,”
Takenoiri discloses that “the magnetization reversal first arises in the second
magnetic recording layer.” Id., 5:18-19. As illustrated in Takenoiri’s Figure 4
below, starting with state (A), when an external magnetic field is applied, magnetic
reversal in the second magnetic recording layer 7 occurs first, as shown in state
(B). Id., 5:26-40. Further increasing the external magnetic field will eventually

cause the first magnetic recording layer 5 to also reverse, as shown in state (C). Id.

Fig. 4
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Ex-1005, Fig. 4. Takenoiri further explains the effect of individual magnetization
reversal:

At the moment of the magnetization reversal in the first magnetic recording

layer, the second magnetic recording layer has already reversed the

magnetization thereof. So, the magnetization reversal in the first magnetic
recording layer is easy owing to the effect of the magnetic field of the
second magnetic recording layer.

Ex-1005, 5:41-46.

163. While Takenoiri’s Figures 1 and 4, as well as Examples 1-6, concern
bi-layer structures, Takenoiri explicitly states that the same individual
magnetization reversal principle applies to a structure having three or more
magnetic recording layers. See Ex-1005, 10:14-18 (“By individually reversing
the magnetization of each magnetic recording layer as in this measure, the
structure having three or more magnetic recording layers still produces the
effect of improving thermal stability and the effect of reducing switching field
at the same time.”). Thus, it is my opinion that a POSITA would have been
motivated to set Hc; lower than He, to continue to reduce the switching field for
the tri-layer structure as taught by Takenoiri.

164. As I have explained above, in Takenoiri’s bi-layer structures, when an

external magnetic field is applied, the layer further away from the substrate (i.e.,
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the second magnetic recording layer 7) reverses magnetization first, and the layer
closer to the substrate (i.e., the first magnetic recording layer 5) reverses
magnetization last. See Ex-1005, Fig. 4. Thus, it is my opinion that a POSITA
implementing Takenoiri’s tri-layer structure would have been motivated to
continue such reversal sequence by configuring the third magnetic recording layer
such that the third magnetic recording layer reverses magnetization first, the
second magnetic recording layer 7 follows, and the first magnetic recording layer 5
reverses last, and such reversal sequence requires H.; being lower than H,.

165. Doing so would further reduce the overall coercivity (Hei+2+3),
enhancing writability as Takenoiri intended. Alternatively, the overall coercivity
(Hci+243) can be maintained while increasing the coercivity of the first layer (Hc;) to
improve the thermal stability of the recording layer. Therefore, it is axiomatic that
when H¢3<Hq,<Hgj, the coercivity of the combined second and third magnetic
recording layers (Hez+3) is lower than H;.

166. In my opinion, at a minimum, a POSITA would have been motivated
to set Hes lower than He;+» to maintain or reduce the overall coercivity (Hci+243) as
compared to a bi-layer structure, because as Takenoiri teaches with its bi-layer
structures, introducing a “softer” layer with coercivity lower (Hc,) than the existing

structure reduces the overall coercivity (Hci+2).
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167. Specifically, Takenoiri “achieves improved recordability without
deteriorating thermal stability by reducing the switching field.” Ex-1005, Abstract.
According to Takenoiri, recordability refers to “easiness with which a magnetic
recording medium is recorded” and “the reduction of H... improve[s] the
recordability.” Id., 1:65-67, 12:1-3; see also id., 18:13-16 (“[T]he H is also
decreased, demonstrating the effect to improve the recordability™).

168. I note that although coercive field H, and switching field are generally
different parameters, they are intimately related as coercivity can be considered as
the average switching field of the media. As I explained in the technical
background section above, a POSITA would have understood that coercive field
H. refers to the average field to switch magnetic grain stack of the media and
switching field refers to the field to switch the magnetization of a particular grain
stack, both determine writability, or “recordability” as discussed in Takenoiri.

This is consistent with the agreed-upon claim construction of the term “coercive
field” in the Western Digital case: “plain meaning — a property of magnetic
materials that provides a measure of the ability of a ferromagnetic material to
withstand an external magnetic field without becoming demagnetized.” Ex-1019
(Western Digital CC Order), p.7. In Takenoiri, improved recordability is achieved
by “reducing the switching field” and “reduction of H..” Ex-1005, Abstract, 12:1-

3. Therefore, Takenoiri uses coercive field and switching field interchangeably.
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Takenoiri “achieves improved recordability without deteriorating thermal stability”
(Ex-1005, Abstract) because H; can be maintained relatively high while H, of the
entire structure is reduced by introducing additional magnetic recording layers with
lower H, values. Therefore, for purposes of this declaration, I also treat these two
terms synonymously.

169. Going back to Takenoiri’s disclosure, as demonstrated by each of
Takenoiri’s Examples 1-6 discussed above, introducing a softer magnetic
recording layer (i.e., second magnetic recording layer 7) with an H, lower than that
of the underlying structure (i.e., the structure with only first magnetic recording
layer 5) reduces the overall coercivity for the structure—provided that the
introduced softer layer and the existing magnetic recording layer is appropriately
exchange coupled. This layered configuration, where the softer layer is exchange-
coupled to the harder layer, enables the use of a high-anisotropy magnetic
recording layer while reducing the switching field required for writing, thereby
“improv[ing] the recordability of a magnetic recording medium without impairing
thermal stability.” Ex-1005, 12:20-24; see also id., 14:44-48 (“As described
above, the structure of two magnetic layers that are ferromagnetically coupled
according to the invention has demonstrated the simultaneous improvements in the
recordability of a magnetic recording medium and the thermal stability.”); 17:13-

17 (“As is apparent by comparing Comparative Example 4 with Examples 3
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through 6, the ferromagnetically-coupled double-layer magnetic layer of the
invention decreases H¢, improves O/W, and remarkably reduces the decay rate of
signals. In other words, recordability and thermal stability of a medium have been
remarkably improved.”). Therefore, in my opinion, a POSITA implementing
Takenoiri’s multilayered structure that includes three or more magnetic recording
layers—by adding a third magnetic recording layer on top of the existing bi-layer
structure—would have been naturally motivated to design the third magnetic
recording layer with a coercivity (H¢s) lower than that of the underlying bi-layer
(Hci+2), assuming appropriate exchange coupling with the underlying bi-layer.
This is because introducing the softer third magnetic recording layer with Hgs
lower than that of the underlying bi-layer structure (H.;+2) further reduces the
overall coercivity for the resulting tri-layer structure (Hc;+2+3) to be lower than
Hci+2, thereby further improving the structure’s recordability compared to the
original bi-layer configuration.

170. Moreover, as there are only three configurations for H; relative to
He1+2 (greater than, equal to, or less than), in my opinion, a POSITA would have
been motivated to try (i.e., it would have been obvious to try) the third option, as
it aligns with Takenoiri’s goal of reducing switching fields. When He3<Hc1:0<He,

since H,<Hq (as I have explained above), it follows that Hep13<H,.
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171. In my opinion, a POSITA would have had reasonable expectation of
success in setting Hes lower than He; 42 and/or H,, both of which results in Hey13
lower than H,;, as [ have explained above. Since He+3<H.;, a POSITA would have
understood that Hc 23 is also power than H,,, especially to achieve the references
stated purpose of sequential switching.

172. For example, Takenoiri teaches how to tune H. via layer thickness,
composition, and grain isolation. Specifically, Takenoiri teaches that “the
thicknesses and materials of the first and the second magnetic recording layers
are determined so as to satisfy the inequality... because the switching field can be
effectively decreased without impairing thermal stability...” Ex-1005, 9:23-29;
see also id., 9:63-67 (“The magnetic recording layer more preferably contains at
least one element selected from Ta, B, Nb, and N. This composition promotes
reduction of noise of the medium and more effectively decreases the switching
field of the magnetic recording layer.”); Examples 1-6 (with varying material
composition and thickness for the first and second magnetic recording layers).
Because Takenoiri teaches that its magnetic recording layers may have “a granular
structure that is composed of a matrix of a nonmagnetic oxide or a nonmagnetic
nitride and magnetic crystal grains dispersed in the matrix” (Ex-1005, 3:33-37), it
is my opinion that a POSITA would have known that H, could also be adjusted by

controlling the grain size, grain distribution, and grain isolation via oxide. Ex-
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1032, Fig. 1. In my opinion, a POSITA would have known how to implement
these adjustments using conventional techniques with a reasonable expectation of
success. For example, grain size of a magnetic material can be controlled through
various processing techniques, including adjusting alloy composition, controlling
deposition parameters, and post-processing thermal treatments. Grain size
distribution can be adjusted by adding specific elements to the magnetic alloy,
which helps control grain growth and isolation. Sputtering and deposition
parameters, such as substrate temperature, and post-deposition thermal processing,
were both well-known techniques to control grain size distribution and grain
isolation.
173. Moreover, this configuration of He3<Hq,<H.; is not novel. U.S. Pat.
No. 5,536,570 (“Osato,” Ex-1016), for example, discloses a magneto-optical
recording medium with exactly that gradient:
That is, the present invention is a magneto-optical recording medium
comprising a first magnetic layer [1] having a curie point T1 and a coercive
force H1, a second magnetic layer [2] having a curie point T2 and a coercive
force H2, and a third magnetic layer [3] having a curie point T3 and a
coercive force H3, where said first, second and third magnetic layers being
successively laminated on a substrate. Further, said first magnetic layer, said

second magnetic layer and said third magnetic layer each being vertically
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magnetized film composed chiefly of an amorphous alloy of rare earth
elements and transition metal elements, and satisfying the following
conditions:

H1 >H2 > H3,

T1>T2>T3.

Ex-1016, 2:24-39.

FI1G IA

Ex-1016, Fig. 1A; see also id., Fig. 1B (showing similar structure with additional
layers, such as coupling layers).

174. Osato’s medium and Takenoiri’s structure both use vertically
magnetized tri-layer systems to improve magnetic recordability via a coercivity
gradient. It is my opinion that a POSITA would have had every reason to expect
success in applying the same H, gradient to Takenoiri’s media. Li also provides an
exemplary stack of three magnetic recording layers with coercivity/anisotropy

gradient, also resulting in the sequential switching as taught by Takenoiri. See,
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e.g., Ex-1022, 5:20-25 (“Preferably, each of the magnetic grains comprises a
plurality of overlying sub-layers of magnetic material, each of the sub-layers of
magnetic material having a different perpendicular magnetic anisotropy which
progressively decreases from a sub-layer at the first end to a sub-layer at the
second end of each of the magnetic grains.”); see also id., 6:49-55 (“In accordance
with embodiments of the present invention, application of an external magnetic
field to the recording layer induces a progressive reversal process of an initial
magnetization direction of each of the plurality of columnar-shaped magnetic
grains which originates at one of the ends, progresses toward the other end, and
results in reversal of the initial magnetization direction to yield a final
magnetization direction.”). In my opinion, a POSITA would have been motivated
by both the Osato and Li references to implement a coercivity gradient in
Takenoiri’s tri-layer structure such that Hi;<H,<H.; and would have had a
reasonable expectation of success in doing so. Osato discloses a tri-layer magnetic
structure with a coercivity gradient at room temperature, while Li describes a
similar gradient, albeit in the reverse direction, in the context of PMR. Together,
these references confirm that coercivity (and thus anisotropy) grading across
magnetic layers was known in the art and technically achievable. A POSITA

would have understood from these teachings not only the motivation to apply a
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gradient in Takenoiri’s structure but also that such a configuration could be
practically implemented with predictable results.

175. Therefore, Takenoiri renders obvious “a nucleation host [e.g., at least
Takenoiri’s second magnetic recording layer 7, the third magnetic recording layer,
and the coupling layer in between, as part of Takenoiri’s tri-layer structure],
having a second coercive field H, without the hard magnetic storage layer
[e.g., the coercive field H, of Takenoiri’s “nucleation host,” 1.e., He13], lower than
the first coercive field, H,<H; [e.g., both Hep43 and Hcj1213 being lower than He of

Takenoiri’s first magnetic recording layer 5, i.e., H¢].”

o 11

176. Limitation 1[I] requires: “said nucleation host is formed on the hard
magnetic storage layer such that the hard magnetic storage layer is between the
nucleation host and the non-magnetic substrate.”

177. As I have explained for limitation 1[H] in Section XII.B.1.i above,
Takenoiri’s tri-layer structure discloses the claimed “nucleation host.” As shown
below, Takenoiri’s “hard magnetic storage layer” is between its “nucleation host”

and the non-magnetic substrate.
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Fig. 1
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Ex-1005, Fig. 1 (tri-layer structure in modified Fig. 1).

178. Therefore, in my opinion, Takenoiri discloses that “said nucleation
host [e.g., at least Takenoiri’s second magnetic recording layer 7, the third
magnetic recording layer, and the coupling layer in between, as part of Takenoiri’s
tri-layer structure] is formed on the hard magnetic storage layer [e.g.,
Takenoiri’s first magnetic recording layer 5] such that the hard magnetic storage
layer is between the nucleation host and the non-magnetic substrate [e.g.,

Takenoiri’s nonmagnetic substrate 1].”

k. 1]

179. Limitation 1[J] requires: “[said nucleation host] is exchange coupled

to the hard magnetic storage layer.”
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180. As I have explained in Section XII.A above, Takenoiri discloses a tri-

layer structure. See revised Figure 1 reproduced below.

“nucleation host” —

Fig. 1
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Ex-1005, Fig. 1 (tri-layer structure in modified Fig. 1).

181.

As shown in the figure above, “[t]he first magnetic recording layer [5]

and the second magnetic recording layer [7] are ferromagnetically coupled through

the coupling layer [6 (purple)].” Id., 3:5-7; see also id., 3:21-23 (“Advantageously,

an exchange coupling energy per unit area between the first magnetic recording

layer and the second magnetic recording layer is at least 5x1073 erg/cm?.”).

Because the second magnetic recording layer 7 is part of Takenoiri’s “nucleation

host,” Takenoiri’s “nucleation host” is therefore exchange coupled to the first

magnetic recording layer 5.
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182. Therefore, in my opinion, Takenoiri discloses “[said nucleation host]
is exchange coupled to the hard magnetic storage layer [e.g., Takenoiri’s
“nucleation host” is exchange coupled to the first magnetic recording layer 5
because the second magnetic recording layer 7 as part of Takenoiri’s “nucleation

host” is exchange coupled to the first magnetic recording layer 5].”

1. 1[K]

183. Limitation 1[K] requires: “[said nucleation host] comprises at least a
first ferromagnetic layer with an anisotropy constant K1 and a second
ferromagnetic layer between the first ferromagnetic layer and the hard magnetic
storage layer with an increased anisotropy constant K2 greater than K1.”

184. In my opinion, Takenoiri’s tri-layer magnetic recording architecture
satisfies the structural and material requirements of the claimed “nucleation host,”
including the presence of two ferromagnetic layers with the claimed anisotropy
gradient. As discussed above, Takenoiri expressly extends the described bi-
magnetic-layer switching and anisotropy principles to three or more magnetic
recording layers. As I will show below, Takenoiri’s second and third magnetic
recording layers form the “nucleation host” and meet the claimed configuration: a
first ferromagnetic layer (Takenoiri’s third magnetic recording layer) and a second
ferromagnetic layer (Takenoiri’s second magnetic recording layer 7) positioned

between the first ferromagnetic layer (Takenoiri’s third magnetic recording layer)
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and the hard magnetic storage layer (Takenoiri’s first magnetic recording layer 5).
In my opinion, Takenoiri further teaches that these layers are made of
ferromagnetic alloys and that their anisotropy constants (Ku values) are tuned to
enable top-down sequential switching. Ex-1005, 10:7-18. It is my opinion that a
POSITA would have recognized from Takenoiri’s teachings, and known design
principles in the art, that configuring the second magnetic recording layer with
anisotropy higher than that of the third magnetic recording layer, i.e., Ku, > Kus,
not only preserves this switching behavior but also improves writability and
thermal stability, as [ will discuss in detail below.

185. Ferromagnetic layers. In my opinion, Takenoiri’s “nucleation host”

includes “a first ferromagnetic layer...and a second ferromagnetic layer between
the first ferromagnetic layer and the hard magnetic storage layer,” as required by
this limitation. As shown in the figure below, Takenoiri’s “nucleation host,” as
part of its tri-layer (or more) structure includes at least two magnetic recording
layers: the second magnetic recording layer 7 and the third magnetic recording
layer, with the second magnetic recording layer 7 (green) located between the third
magnetic recording layer ( ) and the first magnetic recording layer 5

(dark green).
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Fig. 1
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Ex-1005, Fig. 1 (tri-layer structure in modified Fig. 1).

186. Takenoiri discloses that the second magnetic recording layer 7 can
employ “the same material and structure as in first magnetic recording layer 5”
(Ex-1005, 9:13-15), which “is preferably composed of a ferromagnetic alloy
containing at least cobalt and platinum.” Id., 6:66-67. Therefore, Takenoiri’s
second magnetic recording layer 7 is a ferromagnetic layer.

187. It is my opinion that a POSITA would have found it obvious to use
the same or a similar material as in the first and second magnetic recording layers.
This is true for at least three reasons. First, the third magnetic recording layer
participates in the same sequential magnetization reversal process as the first and

second layers, as described in Takenoiri. Ex-1005, 10:14—-18. Second, the third

92



Case No. [PR2026-00016
Patent No. 12,020,734

layer is exchange-coupled to the second layer beneath it, just as the second layer is
exchange-coupled to the first. Id., 10:8—10 (““The magnetic recording layers can be
constructed with three or more layers. The ferromagnetic coupling is provided
between every two magnetic recording layers through a coupling layer.”). Third,
all three layers must satisfy the same functional requirement involving the Ku-T
relationship. /d., 10:10-14 (“The order of magnitude of the product KuT of a
uniaxial anisotropy constant and a thickness of each magnetic recording layer are
determined in accordance with the order of magnitude of the anisotropy magnetic
field Hk of the magnetic recording layer.”); see also Takenoiri’s Examples 1-6
(showing that similar materials are used for the first and second magnetic
recording layers though different compositions for achieving different anisotropy
field Hk). Takenoiri uses similar material with different compositions to meet this
requirement in the first and second magnetic recording layers, and in my opinion, a
POSITA would have applied the same approach to the third magnetic recording
layer. Moreover, because Takenoiri’s magnetic layers are exchange coupled (id.,
10:7-10), a POSITA would have understood that the main ferromagnetic
element(s) in the magnetic alloy materials used for these magnetic layers need to
be of similar though different compositions to ensure appropriate coupling. Thus,

it is my opinion that a POSITA would have found it obvious that the third
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magnetic recording layer is also composed of “ferromagnetic alloy”” and therefore
is also a ferromagnetic layer.

188. Moreover, I would like to note that all magnetic recording layers in a
PMR HDD must be ferromagnetic. Ferromagnetic materials are those in which
magnetic moments of atoms spontaneously align in the same direction, even
without an external magnetic field, due to strong exchange interactions. This
alignment produces a net magnetization, making ferromagnetic materials capable
of retaining magnetic information and thus suitable for data storage. Key properties
include remanence and coercivity. In a perpendicular magnetic recording (PMR)
hard disk drive (HDD), all magnetic recording layers involved in storing or
propagating bits—including the hard magnetic storage layer and any soft or graded
layers that assist in switching—must be ferromagnetic. This is because non-
ferromagnetic materials cannot hold a remanent magnetization and therefore
cannot contribute to stable data storage or controlled switching. Layers such as
nonmagnetic spacers, seed layers, or interlayers may exist in the stack, but they
serve structural or coupling roles—not directly for recording.

189. Therefore, in my opinion, Takenoiri discloses, or at least suggests, “a
first ferromagnetic layer [e.g., Takenoiri’s third magnetic recording layer as part
of its tri-layer structure]... and a second ferromagnetic layer [e.g., Takenoiri’s

second magnetic recording layer 7 as part of its tri-layer structure] between the
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first ferromagnetic layer and the hard magnetic storage layer [e.g., Takenoiri’s
first magnetic recording layer 5].”

190. Anisotropy Constants. In my opinion, a POSITA would have found it

obvious to configure Takenoiri’s “nucleation host” such that the anisotropy
constant of Takenoiri’s second magnetic recording layer 7 (hereinafter Ku,, the
claimed K2) is greater than that of the third magnetic recording layer (hereinafter
Kus, the claimed K1), for at least the following reasons.

191. First, Takenoiri discloses that for a bi-layer structure, if Hk;>Hk,,
then Ku; T\>Ku,T,, where “Hk,, Ku,, and T are an anisotropy magnetic field, a
uniaxial anisotropy constant, and a thickness of the first magnetic recording layer,
respectively, and Hk,, Ku,, and T, are an anisotropy magnetic field, a uniaxial
anisotropy constant, and a thickness of the second magnetic recording layer,
respectively.” Ex-1005, claim 1. I have summarized the parameters in Takenoiri’s
Examples 1-6 in the table below. As shown in the table, for each of Takenoiri’s
Examples 1-6, Hk;>Hk, and Ku; T\>Ku,T,. In particular, in each of Examples 1—

6, Ku;>Ku,.
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Ex | Ex 2 Ex3 | Ex4 Ex 5 Ex 6
second | Composition | (Co7,Cri6Pt12)90~(Si02)10 Co70CraoPtio Co1CrpPt13By Cog9CrpPtsBy Co76Crz0By
magnetic | thickness T, 6 6 6.5 6.5 6.5 6.5
recording Ku, 2.5 2 1.85 1.85 1.51 1.31
layer7 Hk, 132 11.1 132 132 10.1 8.17
coupling | Composition Ru Cobalt Ru
layer6 | Thickness 02 03 16 | o025 | 025 0.25
first Composition | (Co74Cri2Pt14)90-(Si02)10 (Co75Cr1oPt18)00~(SiO02)10
magnetic | thickness T, 10 10 9.5 9.5 9.5 9.5
recording Ku, 42 5 5.05 5.05 5.05 5.05
layer 5 Hk, 18.7 20 20 20 20 20

192. As disclosed in Takenoiri, the unit for thickness T and T, 1s nm and
the unit for Hk; and Hk; is kOe. See, e.g., Ex-1005, 10:56-66, 11:31-36. While
the unit for Ku; and Ku, in Takenoiri is 10 erg/cm’® (id., 11:31-33), a POSITA
would have understood that this is a typographical error because it was well known
that the Ku values of CoCrPt-based materials, as used for Takenoiri’s Examples 1-
6, are in the 10° erg/cm® range. See Ex-1028, Figures 3, 4, 7; Ex-1036, 990.
Regardless, this typographical error does not affect my analysis because Takenoiri
discloses the correct relative values of Ku and KuT.

193. Thus, in my opinion, if a third magnetic layer is added (per
Takenoiri’s tri-layer (or more) structure described above), it would have been
obvious to a POSITA that Ku,>Kus, following the same Ku trend described in each
of Examples 1-6 to preserve the switching behavior, e.g., sequential magnetization
switching from top to bottom. See, e.g., Ex-1005, 9:25-29 (“This is because the
switching field can be effectively decreased without impairing thermal stability by

reversing the magnetization first in the second magnetic recording layer in the case
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Hk;>Hk,, for example.”). In other words, a POSITA would have understood that
extending the Ku scheme between two magnetic layers to a third magnetic layer
naturally suggests the same directional Ku gradient, so that sequential
magnetization switching from top to bottom (as illustrated in Examples 1-6) can be
more easily achieved in Takenoiri’s tri-layer structure (as I will explain below),
thereby “still produc[ing] the effect of improving thermal stability and the effect of
reducing switching field at the same time.” Id., 10:14-18.

194. Second, it is my opinion that it would have been obvious to a POSITA

to configure Kus such that Ku,>Ku; because only three configurations could exist:
(1) Kuz>Kup; (i1) Kus=Kuy; or (iii) Kuz<Ku,. Of these, a POSITA would have been

motivated to try (i.e., obvious to try) all three configurations, but in particular a
POSITA would have been motivated to try configuration (iii) because, as
explained above, it aligns with Takenoiri’s established gradient of decreasing
anisotropy and supports sequential switching from top to bottom, which is also a
known strategy for reducing coercivity while maintaining thermal stability.

195. In my opinion, the same is true for configuring Hks;, as a POSITA
would have been motivated to configure Hks; such that Hk,>Hkj; because that is
one of the only three available configurations: (1) Hks>Hk;; (i1) Hk;=Hk,; or (ii1)
Hk;<Hk;, and a POSITA have been motivated to try configuration (iii) as it

continues the established Hk gradient and facilitates sequential magnetization
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switching from top to bottom (since lower Hk contributes to lower Hc). When
Hk,>Hk3, and given Takenoiri’s equation “Hk=2 Ku/Ms” (Ex-1005, 8:15), it is my
opinion that a POSITA would have been motivated to set Ku,>Kus so that
Hk,>Hk; can be more easily achieved.

196. Third, it is my opinion that a POSITA would have been motivated to
configure Kus such that Ku,>Kus because a lower Kus; makes Takenoiri’s top-to-
bottom sequential switching easier to achieve. In Takenoiri, for the second
magnetic layer 7 to reverse before the first magnetic recording layer 5, Hk;>Hk;
and Ku; T>Ku, T, must be satisfied. Extending this to a tri-layer structure, it is my
opinion that a POSITA would have recognized that Hk,>Hk; and Ku,T,>Ku; T
must also hold. See Ex-1005, 10:10-14 (“The order of magnitude of the product
KuT of a uniaxial anisotropy constant and a thickness of each magnetic recording
layer are determined in accordance with the order of magnitude of the anisotropy
magnetic field Hk of the magnetic recording layer.”). Lowering Kus helps meet
both conditions. Lower Kus obviously contributes to lower KusT;. Moreover,
under Takenoiri’s equation “Hk=2 Ku/Ms,” lower Kus also reduces Hkj;, which in
turn contributes to lower H,, making sequential switching more attainable.

197. Fourth, it is my opinion that a POSITA would have been motivated to
configure Kus such that Ku,>Kus because a lower Kus also helps reduce the overall

coercivity (Hc) of the structure. Although Takenoiri imposes specific relationships
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between Hk,, Hk,, Ku;, Ku,, T;, and T, these relationships ultimately aim to
“contribute to the reduction of the H..” Ex-1005, 14:30-34; see also id., 10:14-18
(“By individually reversing the magnetization of each magnetic recording layer as
in this measure, the structure having three or more magnetic recording layers still
produces the effect of improving thermal stability and the effect of reducing
switching field at the same time.”). As I have explained for limitation 1[H] in
Section XII.B.1.1 above, a POSITA would have been motivated to configure
Hc;<Hc, to further reduce the overall coercivity. I must note that it was well
known that lower Ku leads to lower H. or switching field, as acknowledged by Dr.
Suess himself. Ex-1011, p.1 (“According to the Stoner—Wohlfarth theory (SW) an
increase of anisotropy...results in an unfavorable increase of coercivity upH..”);
Ex-1036, 470; see also Ex-1006, 2:2-3 (“increasing Ku also increases the switching
field”). The *734 Patent itself also acknowledges this: “[I|ncreasing the anisotropy
K... results in an unfavorable increase of the coercivity Hc.” Ex-1001, 1:22-26.
Therefore, it is my opinion that to achieve H;3<Ho, a POSITA would have been
motivated to configure Kuz<Ku,.

198.  Finally, it is my opinion that a POSITA would have had reasonable
expectation of success in configuring Kus lower than Ku,. For example, as [ show
in the table below, Takenoiri has provided exemplary magnetic recording layers

with various Ku values in Examples 1-6. Takenoiri provided not only the material
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compositions, but also the deposition conditions for each of these layers. See Ex-
1005, 10:56-66, 13:49-58, 15:21-30. Although these layers are used as the first
and second magnetic recording layers, it is my opinion that a POSITA would not
have had any difficulty in using one of these layers with relatively lower Ku value
as the third magnetic recording layer. As one example, a POSITA would have had
reasonable expectation of success in depositing a magnetic layer having the same
composition and Ku value as the second magnetic layer 7 in Example 5 (red) as the

additional third magnetic recording layer to the structure in Example 1.

Ex | Ex 2 Ex3 | Ex4 Ex 5 Ex 6
second Composition | (Co7,Cri6Pt12)90-(Si0;)10 Co79CroPtyg Cog1Cry,Pt 3By Cog9CrrrPtsBy Co76Cr0By
magnetic | thickness T, 6 6 6.5 6.5 6.5 6.5
recording Ku, 25 2 1.85 1.85 1.51 131
layer7 Hk, 132 11.1 13.2 13.2 10.1 8.17
coupling | Composition Ru Cobalt Ru
layer6 | Thickness 02 03 16 | 025 | 0.25 0.25
first Composition [ (Co74Cri2Pt14)90~(Si02)10 (Co72Cr10Pt18)90-(Si02)10
magnetic | thickness T, 10 10 9.5 9.5 9.5 9.5
recording Ku, 42 5 5.05 5.05 5.05 5.05
layer 5 Hk, 18.7 20 20 20 20 20

199. Moreover, Takenoiri teaches specific “favorable compositions of the
magnetic recording layer exhibiting lower Hk,” and therefore lower Ku. Ex-1005,
10:1-6. Takenoiri further teaches that lower platinum content contributes to lower
Hk value, and therefore lower Ku. Id., 9:49-54 (“Specifically, the platinum content
can be reduced in the magnetic recording layer that exhibits lowest Hk value,
which is the magnetic recording layer that starts to reverse magnetization first

among the magnetic recording layers. It is yet possible for this magnetic recording
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layer not to contain platinum at all.””). In fact, Ku adjustment was well known and
widely implemented. In addition to reducing platinum content as explicitly taught
by Takenoiri, increasing Cr content and incorporating elements such as Ta, B, Nb,
and N (which are implied by Takenoiri) are also common ways to reduce Ku value.
See, e.g., Ex-1005, 9:57-67; see also Ex-1022, 10:58-61 (“Tailoring of the
magnetic anisotropies, i.e., the perpendicular magnetic anisotropy fields Hk, of
each of the sub-layers is accomplished, in known fashion, as by appropriate
selection of the magnetic alloys and their processing conditions...”). Therefore, it
is my opinion that a POSITA would have had reasonable expectation of success
in configuring Kus lower than Ku, in Takenoiri’s tri-layer structure.

200. Therefore, in my opinion, Takenoiri renders obvious that “[said
nucleation host] comprises at least a first ferromagnetic layer with an
anisotropy constant K1 [e.g., Takenoiri’s third magnetic recording layer as part
of its tri-layer structure with anisotropy constant Kus] and a second
ferromagnetic layer between the first ferromagnetic layer and the hard
magnetic storage layer [e.g., Takenoiri’s nonmagnetic substrate 1] with an
increased anisotropy constant K2 [e.g., Takenoiri’s second magnetic recording
layer 7 as part of its tri-layer structure with anisotropy constant Ku,]| greater than

K1 [e.g., Takenoiri’s Ku, being greater than Ku;].”
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201. I would like to note that because the second and third magnetic
recording layers in Takenoiri’s tri-layer structure are ferromagnetic layers and are
expected to switch magnetization earlier than the first magnetic recording layer,
thereby facilitating the switching of the first magnetic storage layer 5, Takenoiri’s
second and third magnetic recording layers, as well as the coupling layer in
between, corresponds to the claimed “nucleation host,” which is consistent with the
court’s construction in the Western Digital case: “a structure that includes
ferromagnetic layers that assist in switching the hard magnetic storage layer, and

optional coupling layers.” Ex-1019 (Western Digital CC Order), p.17-18.

m. 1[L]

202. Limitation 1[L] requires: “the first and second ferromagnetic layers
are exchange coupled with an exchange coupling layer.”

203. As I have explained for limitation 1[E] in Section XII.B.1.f above,
Takenoiri’s tri-layer structure is “an exchange coupled magnetic multiplayer
structure.” In particular, as shown in the figure below, the second magnetic
recording layer 7 and the third magnetic recording layer is exchange coupled via an

exchange coupling layer (red).
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Ex-1005, Fig. 1 (tri-layer structure in modified Fig. 1).

204. Therefore, in my opinion, Takenoiri discloses “wherein the first and

second ferromagnetic layers [e.g., Takenoiri’s second and third magnetic

recording layers] are exchange coupled with an exchange coupling layer [e.g.,

the exchange coupling layer between the second and third magnetic recording

layers].”

205.

In summary, each of the limitations in claim 1 is disclosed by or at

least obvious over Takenoiri. As I will explain below, other claims of the *734

Patent were also disclosed by Takenoiri alone and/or in view of other prior art.
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2. Claim 2

206. Claim 2 depends from claim 1. As I explained above, all the
limitations of claim 1 are rendered obvious by Takenoiri. Claim 2 further recites
“wherein: the nucleation host and the hard magnetic storage layer are in
direct contact,” which, in my opinion, is disclosed, or at least rendered obvious,
by Takenoiri.

207. Claim 1 of the *734 Patent states that the nucleation host “comprises
at least...,” which does not limit the nucleation host to only the first and second
ferromagnetic layers but allows inclusion of additional layers. Moreover, claim 1
of the *734 Patent states that the nucleation host “is formed on the hard magnetic
storage layer,” and “comprises at least a first ferromagnetic layer...and a second
ferromagnetic layer...wherein the first and second ferromagnetic layers are
exchange coupled with an exchange coupling layer.” Therefore, it is my opinion
that for the embodiment claimed in claim 2, Takenoiri’s coupling layer 6 can be
considered part of the nucleation host formed on the hard magnetic storage layer.
In my opinion, this is further confirmed by PO’s own proposed claim construction
of “nucleation host” in the Western Digital case (which was also adopted by the
court): “a structure that includes ferromagnetic layers that assist in switching the
hard magnetic storage layer, and optional coupling layers.” Ex-1019 (Western

Digital CC Order), p.17-18.
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208. Therefore, for the embodiment claimed in claim 2, as shown below,
Takenoiri’s “nucleation host” includes the coupling layer 6 (purple), so Takenoiri’s
“nucleation host” (including the coupling layer 6) and its first magnetic recording

layer 5 (i.e., the claimed “hard magnetic storage layer”) are in direct contact.

Fig. 1
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Ex-1005, Fig. 1 (tri-layer structure in modified Fig. 1). As such, it is my opinion

that claim 2 is obvious over Takenoiri.

209. To the extent PO attempts to argue that the coupling layer 6 cannot be
considered part of Takenoiri’s “nucleation host,” it is my opinion that a POSITA
would have found it obvious to omit that layer from Takenoiri’s tri-layer structure,

placing the first and second magnetic recording layers in direct contact and
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resulting in direct contact between Takenoiri’s “nucleation host” and “hard
magnetic storage layer.”

210. Although Takenoiri states that a coupling layer is necessary, it does so
only “from the viewpoint of leading to an appropriate coupling energy between the
magnetic recording layers while retaining the ferromagnetic coupling” to achieve
simultaneous improvement of thermal stability and reduction in the switching field.
Ex-1005, 7:27-43. In my opinion, this language reflects a desire to improve the
device’s performance, not a structural requirement, and confirms that Takenoiri
describes a magnetic recording medium that could exist without the coupling layer
6.

211. Moreover, it is my opinion that a POSITA seeking to implement or
evaluate Takenoiri’s teachings would have been motivated to fabricate and
compare versions of Takenoiri’s multilayer structure with and without the coupling
layer 6 to assess its impact. Since omitting the coupling layer 6 would lead to the
even stronger coupling between the two adjacent ferromagnetic layers (layer 5 and
layer 7), a POSITA seeking stronger coupling (and thereby further reduction in the
structure’s coercivity) would have been motivated to omit the coupling layer 6. It
1s my opinion that whether to test the efficacy of Takenoiri’s invention or in
applications where thermal stability or switching field is less critical, omitting the

coupling layer 6 would also have simplified fabrication, and a POSITA would have
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had a reasonable expectation of success. In fact, Takenoiri teaches that there
existed magnetic recording media having three magnetic recording layers in direct
contact. Ex-1005, 2:3-14 (citing JP 2003-157516); Ex-1027 (“Hikosaka,” US
equivalent of JP 2003-157516), 99 44, 102, Figs. 3 and 8; see also Ex-1022, 7:1-13
(“tailoring of the local exchange coupling strength between adjacent sub-layers to
achieve a desired coupling strength is accomplished by...forming the adjacent sub-

layers positioned in direct contact...”).

3. Claim 4

212. Claim 4 depends from claim 1. As I explained above, all the
limitations of claim 1 are rendered obvious by Takenoiri. Claim 4 further recites
“wherein: a coupling layer is disposed between the nucleation host and the
hard magnetic storage layer,” which, in my opinion, is disclosed by Takenoiri.

213. As I discussed for claim 2 above, claim 1’s nucleation host must
include the two magnetic storage layers, and may (or may not) include other layers,
such as coupling layers.

214. Here, the embodiment claimed in Claim 4 requires “a coupling layer
[] disposed between the nucleation host and the hard magnetic storage layer.”

In my opinion, this claimed embodiment is also disclosed by Takenoiri.
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215. As shown in revised Figure 1 below, Takenoiri discloses a coupling

layer 6 (purple) between second magnetic recording layer 7 and the first magnetic

recording layer 5.
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Ex-1005, Fig. 1 (tri-layer structure in modified Fig. 1). For the embodiment

claimed in claim 2, as shown in figure above, Takenoiri’s “nucleation host”

includes the second and third magnetic recording layers but does not include the

coupling layer 6. For this claimed embodiment, Takenoiri’s coupling layer 6 is the

coupling layer added in claim 4.

216. Therefore, in my opinion, Takenoiri discloses that “a coupling layer

[e.g., Takenoiri’s coupling layer 6] is disposed between the nucleation host [e.g.,
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Takenoiri’s “nucleation host” including the second magnetic recording layer 7 at
the bottom] and the hard magnetic storage layer [e.g., the first magnetic

recording layer 5].”

4. Claim 7

217. Claim 7 depends from claim 1. As I explained above, all the
limitations of claim 1 are rendered obvious by Takenoiri. Claim 7 further recites
“wherein: the perpendicular anisotropy material [of the hard magnetic storage
layer] is one of a CoPt based alloy, and a CoPtCr alloy,” which, in my opinion,
is disclosed by Takenoiri.

218. To the extent this limitation is not indefinite, it is my opinion that the
plain meaning of this limitation is disjunctive because it specifies the material for
the hard magnetic storage layer, which a POSITA would have understood to
include only one type of material. In particular, the 734 Patent mentions that the
“Ih]ard magnetic storage layer 24 may be formed from any material that has large
perpendicular anisotropy.” Ex-1001, 4:59-60. Nowhere does it mention that the
hard magnetic storage layer 24 can include more than one type of alloy. The *734
Patent also states that the layers can be formed by “sputter deposition...
accomplished using standard targets and techniques known to those in the field.”
Ex-1001, 6:30-32. It was well known to a POSITA that standard sputter deposition

allows forming a magnetic recording layer with only one type of alloy. Even if
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this limitation is interpreted as conjunctive, it is my opinion that Takenoiri still
discloses it because as explained below, Takenoiri discloses a CoPtCr alloy, which
meets both the “CoPt based alloy” requirement and the “CoPtCr alloy”
requirement.

219. As I have explained above for limitation 1[F] in Section XII.B.1.g,
Takenoiri’s first magnetic recording layer 5 is formed from a perpendicular
anisotropy material. Takenoiri further discloses that “[f]irst magnetic recording
layer 5 can be composed of an alloy material such as CoPt, CoCrPt, CoCrPtB, or
CoCrPtTa... or a granular material of CoPt—SiO,, CoCrPtO, CoCrPt—SiO,,
CoCrPt—ALO;, CoPt—AIN, or CoCrPt—Si;Ns.” Ex-1005, 7:5-9. I noted that
while Takenoiri appears to state “Al,O3” and “AIN” (with upper case “1”), a
POSITA would have understood them to refer to “Al,O3” and “AIN” (with lower
case “L”) respectively, because there is not chemical element denoted as “Al,” and
the correct symbol for the element aluminum is “Al.” This is further confirmed by
Takenoiri’s JP priority application, as well as its JP and CN counterparts, so the “I”’
is just a typographical error that a POSITA would have immediately recognized as

such. Ex-1024, p.9 (“CoCrPt—Al,O3;. CoPt—AIN”); see also Ex-1025, 6:38;

Ex-1026, p.9. Thus, for purposes of this declaration, I treat Takenoiri’s reference

to element “Al” as to aluminum (Al).
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220. In my opinion, a POSITA would have understood that: (i) CoPt,
CoPt—Si0,, and CoPt—AIN, as well as CoCrPt, CoCrPtB, CoCrPtTa, CoCrPtO,
CoCrPt—SiO,, CoCrPt—AILO3, and CoCrPt—Si3;N4, are CoPt based alloys, and
(i1) CoCrPt, CoCrPtB, and CoCrPtTa, as well as CoCrPtO, CoCrPt—SiO,,
CoCrPt—Al,03, and CoCrPt—Si3Ny4 are CoPtCr alloys, as claimed in claim 7. 1
would like to note that the order of the elements is not standardized in these
informal abbreviations. Thus, for example, both CoCrPt and CoPtCr refer to an
alloy containing Cobalt (Co), Platinum (Pt), and Chromium (Cr). Thus, a CoCrPt-
based alloy is also a CoPt-based alloy and a CoPtCr-based alloy.

221. Therefore, in my opinion, Takenoiri discloses that “the perpendicular
anisotropy material is one of a CoPt based alloy [e.g., Takenoiri’s alloy
materials such as CoPt, CoPt—Si10,, CoPt—AIN, CoCrPt, CoCrPtB, CoCrPtTa,
CoCrPtO, CoCrPt—Si0,, CoCrPt—Al,O3, and CoCrPt—Si3;N4], and a CoPtCr
alloy [e.g., Takenoiri’s alloy materials such as CoCrPt, CoCrPtB, CoCrPtTa,
CoCrPtO, CoCrPt—Si0;, CoCrPt—Al,O3, and CoCrPt—Si3Ny4].”

5. Claim 8

222. Claim 8 depends from claim 1. As I explained above, all the
limitations of claim 1 are rendered obvious by Takenoiri. Claim 8 further recites

“wherein: the perpendicular anisotropy material is one of a CoPtCrB,
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CoPtCrTa, and CoCr based granular media,” which, in my opinion, is
disclosed by Takenoiri.

223. To the extent this limitation is not indefinite, it is my opinion that the
plain meaning of this limitation is disjunctive, for the same reasons I explained for
claim 7 above.

224. As I have explained above for limitation 1[F] in Section XII.B.1.g,
Takenoiri’s first magnetic recording layer 5 is formed from a perpendicular
anisotropy material. Takenoiri further discloses that “[f]irst magnetic recording
layer 5 can be composed of...a granular material of CoPt—SiO,, CoCrPtO,
CoCrPt—Si0,, CoCrPt—Al,O; [sic], CoPt—AIN [sic], or CoCrPt—SisN4.” Ex-
1005, 7:5-9. It is my opinion that a POSITA would have understood that
CoCrPt—Si10,, CoCrPt—Al,0;, and CoCrPt—Si3N,4 are CoCr based materials.

225. Therefore, in my opinion, Takenoiri discloses that “the
perpendicular anisotropy material is one of a CoPtCrB, CoPtCrTa, and CoCr
based granular media [e.g., Takenoiri’s granular material of CoCrPt—SiO2,
CoCrPt—AILO3, and CoCrPt—Si3;N4 as CoCr based granular media].”

C. My Opinions as to Claims 5-6 and 9-11 based on Takenoiri in
view of Fullerton

226. Before address the individual claims, I would like to note that 1

understand that, during prosecution, the Applicant did not dispute that Fullerton 2
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(a related application of Fullerton) disclosed each of the limitations recited in
claims 5-6 and 9-11.

1. Claim 5

227. Claim 5 depends from claim 1. As I explained above, all the
limitations of claim 1 are rendered obvious by Takenoiri. Claim 5 further recites
“wherein: the perpendicular anisotropy material is an FePt based alloy,”
which, in my opinion, is disclosed by Fullerton.

228. In particular, Fullerton discloses that “[o]ne type of material for
recording layer 16 is chemically-ordered FePt or CoPt with its c-axis substantially
out-of-plane for perpendicular recording,” and “[c]hemically-ordered alloys of
FePt and CoPt, in their bulk form, are known as tetragonal L1,-ordered phase
materials.” Ex-1006, 5:52-57. As I will explain below in Section XII.C.6, it is my
opinion that a POSITA would have been motivated to use FePt (including in its
L1y-ordered phase) as the material for Takenoiri’s first magnetic recording layer 5.
Therefore, in my opinion, claim 5 is rendered obvious by Takenoiri in view of
Fullerton.

2. Claim 6

229. Claim 6 depends from claim 1. As I explained above, all the
limitations of claim 1 are rendered obvious by Takenoiri. Claim 6 further recites

“wherein: the perpendicular anisotropy material is an Llp-ordered phase
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material,” which, in my opinion, is disclosed by Fullerton for at least the same
reasons explained above for claim 5.

230. As I will also explain below in Section XII.C.6, it is my opinion that a
POSITA would have been motivated to use FePt (including in its L1-ordered
phase) as the material for Takenoiri’s first magnetic recording layer 5. Therefore,

in my opinion, claim 6 is rendered obvious by Takenoiri in view of Fullerton.

3. Claim 9

231. Claim 9 depends from claim 1. As I explained above, all the
limitations of claim 1 are rendered obvious by Takenoiri. Claim 9 further recites
“wherein: the perpendicular anisotropy material is an alloy based on FePt—
X, wherein X is one of Ni, Au, Cu, Pd and Ag,” which, in my opinion, is
disclosed by Fullerton.

232. In particular, Fullerton discloses that “high anisotropy materials
suitable for the recording layer 16 include pseudo-binary alloys based on the FePt
and CoPt L1y phase, i.e., FePt—X and CoPt—X, where the element X may be
Ni, Au, Cu, Pd or Ag.” Ex-1006, 6:18-21. As I will explain below in Section
XII.C.6, it is my opinion that a POSITA would have been motivated to use FePt—
X (with X being N1, Au, Cu, Pd or Ag) as the material for Takenoiri’s first
magnetic recording layer 5. Therefore, in my opinion, claim 9 is rendered obvious

by Takenoiri in view of Fullerton.
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4. Claim 10

233. Claim 10 depends from claim 1. As I explained above, all the
limitations of claim 1 are rendered obvious by Takenoiri. Claim 10 further recites
“wherein: the perpendicular anisotropy material is an alloy based on CoPt—
X, wherein X is one of Ni, Au, Cu, Pd and Ag,” which, in my opinion, is
disclosed by Fullerton.

234. In particular, Fullerton discloses that “high anisotropy materials
suitable for the recording layer 16 include pseudo-binary alloys based on the FePt
and CoPt L10 phase, i.e., FePt—X and CoPt—X, where the element X may be
Ni, Au, Cu, Pd or Ag.” Ex-1006, 6:18-21. As I will explain below in Section
XII.C.6, it is my opinion that a POSITA would have been motivated to use CoPt—
X (with X being Ni, Au, Cu, Pd or Ag) as the material for Takenoiri’s first
magnetic recording layer 5. Therefore, in my opinion, claim 10 is rendered
obvious by Takenoiri in view of Fullerton.

5. Claim 11

235. Claim 11 depends from claim 1. As I explained above, all the
limitations of claim 1 are rendered obvious by Takenoiri. Claim 11 further recites
“wherein: the perpendicular anisotropy material is a granular composite

material based on FePt—C,” which, in my opinion, is disclosed by Fullerton.
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236. In particular, Fullerton discloses that “high anisotropy materials
suitable for the recording layer 16 include granular composite materials such as
FePt—C...” Ex-1006, 6:18-21. As I will explain below in Section XII.C.6, it is
my opinion that a POSITA would have been motivated to use FePt—C as the
material for Takenoiri’s first magnetic recording layer 5. Therefore, in my
opinion, claim 11 is rendered obvious by Takenoiri in view of Fullerton.

6. Motivation to Combine Takenoiri with Fullerton

237. In my opinion, Takenoiri and Fullerton are analogous art to the *734
Patent because they are in the same field of endeavor as the *734 patent, e.g.,
perpendicular magnetic recording media. Ex-1001, Abstract (“The invention
proposes a recording media that overcomes the writeability problem of
perpendicular recording media.”); Ex-1005, Title (“Perpendicular Magnetic
Recording Medium™); Ex-1006, claim 3 (“a recording layer with substantially
perpendicular magnetic anisotropy”). In particular, each of Takenoiri, Fullerton,
and the 734 Patent is directed to magnetic recording media with multiple magnetic
layers. Ex-1001, Title (“Multilayer Exchange Spring Recording Media”); Ex-
1005, 10:7-8 (“The magnetic recording layers can be constructed with three or
more layers.”); Ex-1006, 4:15-16 (“The invention is a TAMR disk that uses a
bilayer medium...”). I understand that the *734 patent, Takenoiri, and Fullerton

are all in Cooperative Patent Classification (CPC) class G11B 5/66. Both
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references and the *734 Patent achieve improved recordability without sacrificing
thermal stability by introducing a “softer” magnetic layer. See, e.g., Ex-1005,
5:56-59 (“By reversing the magnetization of each magnetic recording layer
individually and sequentially, the switching field can be more effectively lowered
without impairing thermal stability.”); 5:41-46 (“At the moment of the
magnetization reversal in the first magnetic recording layer, the second magnetic
recording layer has already reversed the magnetization thereof. So, the
magnetization reversal in the first magnetic recording layer is easy owing to the
effect of the magnetic field of the second magnetic recording layer.”); Ex-1006,
2:53-61 (“The first ferromagnetic layer is formed of a high-coercivity (or
magnetically “hard) material that has a room temperature coercivity too high for
writing with a conventional write head and a low Curie temperature. The second
ferromagnetic layer directly above or below the first layer is formed of a low-
coercivity (or magnetically “soft”) material with a coercivity suitable for writing
with a conventional write head and a high Curie temperature.”); Ex-1001, 2:48-60
(“embodiments according to the invention include a magnetic recording media
wherein the magnetic recording layer consists of a multilayer structure, with a
special multilayer host layer (nucleation host) and a hard magnetic storage layer...
The nucleation host significantly decreases the coercive field of each grain of the

proposed media but has only little influence on the thermal stability.”). Ata
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minimum, it is my opinion that both Takenoiri and Fullerton are reasonably
pertinent to at least the problem identified in the *734 Patent of how to “overcome
the writability problem of extremely hard magnetic storage layers” without
impairing “thermal stability.” Ex-1001, 3:58-61; Ex-1005, 2:54-57; Ex-1006,
Abstract.

238. In my opinion, ample motivations existed to combine Takenoiri with
Fullerton.

239. First, as I have already explained above, Takenoiri improves
recordability of the magnetic recording medium by introducing magnetic recording
layer(s) with lower coercive fields (e.g., the second and third magnetic recording
layers in Takenoiri’s tri-layer structure), which allows the first magnetic recording
layer to maintain high coercive field, thereby not impairing thermal stability of the
structure.

240. To further improve thermal stability of Takenoiri’s structure, as
explicitly motivated by Takenoiri, it is my opinion that a POSITA would have
been motivated to look to analogous references, such as Fullerton, for magnetic
materials with higher anisotropy, such as FePt and CoPt alloys as taught by
Fullerton, for use as its bottom magnetic recording layer (e.g., the first magnetic
recording layer 5) because it was widely recognized in literature, including by both

Takenoiri and Fullerton, that higher anisotropy contributes to better thermal
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stability. Ex-1005, 1:48-50 (“the Ku must be increased to keep thermal stability”);
Ex-1006, 8:11-12 (“high anisotropy (and thus high thermal high stability)”); Ex-
1020, p.1 (“Various high magnetic anisotropy materials have been investigated to
suppress such thermal instability”); Ex-1036, 982.

241. In particular, Fullerton discloses that “[c]hemically-ordered alloys of
FePt and CoPt... are known as tetragonal L1o-ordered phase materials [and] are
known for their high magneto-crystalline anisotropy and magnetic moment,
properties that are desirable for high-density magnetic recording materials.” Ex-
1006, 5:55-60. As acknowledged by inventor of the 734 Patent, FePt and CoPt are
“[pJromising candidates for high-anisotropy media... For example, the anisotropy
of FePt is about 10 times larger than that of currently used materials like CoCrPt.
Ex-1008, p. 1; Ex-1036, 466. In addition to FePt and CoPt L1, phase, Fullerton
discloses that “[o]ther high anisotropy materials... include pseudo-binary alloys
based on the FePt and CoPt L1, phase, i.e., FePt—X and CoPt—X, where the
element X may be Ni, Au, Cu, Pd or Ag, as well as granular composite materials
such as FePt—C, FePt—ZrO, FePt—MgO, FePt—B,0; and other similar
composites” (hereinafter “Fullerton’s high-anisotropy materials”). Ex-1006, 6:18-
23. According to Fullerton, “these materials in general have similarly high
anisotropy as the binary alloy FePt and CoPt” and also “allow additional control

over the magnetic and structural properties of the media.” Id., 6:24-27. Therefore,
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such FePt—X and CoPt—X materials not only further improve Takenoiri’s
thermal stability but also bring more control over the magnetic and structural
properties of the media as taught by Fullerton.

242. Second, similar to the first magnetic recording layer 5 in Takenoiri’s
tri-layer structure, Fullerton also uses its high-anisotropy materials for the bottom
perpendicular high-anisotropy magnetic recording layer. Specifically, Fullerton
discloses in its Figure 1 a multilayer structure where “a high anisotropy

ferromagnetic recording or storage layer 16 on the switching layer 14.” Ex-1006,

4:58-65.

7 18 protective overcoat

16 high anisotropy recording layer

14 AFC-to-FC switching layer

N
\\ 12 optional seed layer or underlayer

10 substrate

FIG. 1

Id., Fig. 1. Fullerton also discloses that “[t]he recording layer 16... [and] the
switching layer 14... can be reversed.” Id., 4:63-65. I’ve revised Fullerton’s Figure
1 to swap the recording layer 16 and switching layer 14, as shown in revised

Fullerton Figure 1 below, and included a side-by-side comparison with Takenoiri’s
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tri-layer structure.

Fig. 1

additional layers —
\\\\\ 12 optional seed layer or underlayer (e masnete recording yer

second coupling layer
/ L
/ 7 second magnetic recording layer

6 coupling layer

v 4 18 protective overcoat

9

A\

14 AFC-to-FC switching layer

n-th magnetic recording layer

16 high anisotropy recording layer ~~— n-th coupling layer

10 substrate
5 first magnetic recording layer

~—4

~—3

~— 2

~1

Ex-1006, Fig. 1 Ex-1005, Fig. 1 (tri-layer structure)
(revised with layers 14 and 16 swapped)

243. Like Takenoiri’s first magnetic recording layer 5 (hard green),
Fullerton’s recording layer 16 (dark green) also has high anisotropy. Ex-1006,
5:45-49 (“The ferromagnetic recording or storage layer 16 is a high anisotropy
material with a room-temperature coercivity so high that it is incapable of being
written to by a conventional write head, and may be either perpendicular or
horizontal type recording material.”). “[M]aterials suitable for the recording layer
16” include Fullerton’s high-anisotropy materials (id., 6:18-27), as well as
materials used for Takenoiri’s magnetic recording layer 5, e.g., “granular CoPtCr
alloy, such as CoPtCrB or CoPtCrTa” (id., 6:33-37) and “a CoPt multilayer for
perpendicular recording.” Id., 7:48-54; Ex-1005, 7:5-9. Thus, in my opinion, a
POSITA would have been motivated to substitute the material used for Takenoiri’s

bottom most magnetic recording layer, i.e., Co-based materials, with the material
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used for Fullerton’s bottom most magnetic recording layer, i.e., Fullerton’s high-
anisotropy materials.

244. Third, Takenoiri discloses that “the methods and devices described
herein are illustrative only and are not limiting upon the scope of the invention.”
Ex-1005, 18:21-23. Thus, it is my opinion that a POSITA would have understood
that the material composition for Takenoiri’s magnetic recording layers is not
limited to those explicitly discussed, and a POSITA would have been motivated to
look to analogous art, such as Fullerton, for other candidate composition and
would have understood the potential for substitute any of Fullerton’s high-
anisotropy materials as a routine optimization choice.

245. Finally, it 1s my opinion that a POSITA would have had reasonable
expectation of success in using any of Fullerton’s perpendicular high-anisotropy
materials as Takenoiri’s perpendicular first magnetic recording layer 5. Fullerton’s
high-anisotropy materials were not new—they were “known for their high
magneto-crystalline anisotropy and magnetic moment.” Ex-1006, 5:58-59. Thus,
in my opinion, a POSITA would have had reasonable expectation of success in
implementing Takenoiri’s first magnetic recording layer 5 using Fullerton’s high-
anisotropy materials. In fact, Fullerton discloses that FePt and CoPt L1, phase
materials “can be made by several known processes.” Ex-1006, 5:52-62; see also

id., 5:62-6:2 (“Films having the L1, phase of FePt with the c-axis oriented out-of-
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plane or perpendicular to the substrate, and thus suitable for perpendicular
magnetic recording media, have been grown onto a hot substrate by molecular
beam epitaxy and by sputter deposition. They can also be formed by alternating the
deposition of films of Fe and Pt, followed by annealing, the latter approach being
described in U.S. Pat. No. 5,363,794.”). Moreover, it was well known that by
adjusting the deposition conditions, such as temperature, the anisotropy of
Fullerton’s high-anisotropy materials can also be lowered. Ex-1035, Fig. 3.
Therefore, when Takenoiri’s second and third magnetic recording layers are also
fabricated using Fullerton’s high-anisotropy materials (under appropriate
fabrication conditions), the resulting structure still exhibits the same
anisotropy/coercivity gradient across Takenoiri’s magnetic recording layers as
discussed above for claim 1. Therefore, in my opinion, a POSITA would have had
reasonable expectation of success in using any of Fullerton’s high-anisotropy
materials for Takenoiri’s magnetic recording layers.

D. My Opinions as to Claim 12 based on Takenoiri in view of Shen

1. Claim 12

246. Claim 12 depends from claim 1. As I explained above, all the
limitations of claim 1 are rendered obvious by Takenoiri. Claim 12 further recites
“wherein: a derivative k of a normalized magnetization with respect to an

external magnetic field, normalized to a coercive field of the recording

123



Case No. [PR2026-00016
Patent No. 12,020,734

medium, does not change by more than a factor of 3 in a magnetization

interval —0.7<Mz/Ms<0.7, wherein [k = j—l: %], M being a magnetization of

the recording medium, Mz being a component of M perpendicular to a plane
of the recording medium, H being an external magnetic field parallel to a
normal of the recording medium, dM/dH being a derivative of the
magnetization of the recording medium with respect to the external magnetic
field, Hc being the coercive field of the recording medium, Ms being a
saturation magnetization of the recording medium.”

247. I noted that the claim language is incomplete because the various
parameters recited after “wherein” lack antecedent basis. However, for purposes
of this declaration, I assume that claim 12 further recites “wherein: a derivative k
of a normalized magnetization with respect to an external magnetic field,
normalized to a coercive field of the recording medium, does not change by

more than a factor of 3 in a magnetization interval —0.7<Mz/Ms<(0.7, wherein

dM H

|k = W M—‘], M being a magnetization of the recording medium, Mz being a

component of M perpendicular to a plane of the recording medium, H being
an external magnetic field parallel to a normal of the recording medium,
dM/dH being a derivative of the magnetization of the recording medium with

respect to the external magnetic field, Hc being the coercive field of the

124



Case No. [PR2026-00016
Patent No. 12,020,734

recording medium, Ms being a saturation magnetization of the recording
medium.” This is consistent with claim 2 of the 864 Patent (parent of the *734
Patent). Ex-1012, claim 2.

248. In my opinion, the additional limitation recited in claim 12 is rendered
obvious by Takenoiri in view of Shen.

249. Claim 12 adds a mathematical condition to the magnetic multilayer

structure described in claim 1, requiring that within the central portion of the
hysteresis loop (—0.7<M,/M;<0.7), the slope of the magnetization curve (3—1:)

remains substantially constant, changing by no more than a factor of three. This
describes a medium whose magnetization reverses smoothly and uniformly when
an external magnetic field is applied.

250. Takenoiri discloses multilayer perpendicular magnetic recording
media, including bi-layer and tri-layer structures, in which softer magnetic layers
are exchange-coupled to a harder magnetic layer to reduce coercivity while
maintaining thermal stability. Ex-1005, 10:7-18. Takenoiri provides “a
conceptual illustration of the hysteresis loop” in Figure 5, recognizing that “[i]n an
actual perpendicular magnetic recording medium, the hysteresis curve has some
slope due to an effect of demagnetization, and accurate calculation of the

demagnetizing factor is difficult.” Id., 4:8-10, 8:20-23.
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251. Shen provides experimental data for similar composite magnetic
media combining soft and hard magnetic layers. In Shen’s Figure 5(b), the
measured hysteresis loop shows a long, nearly linear region where magnetization

changes evenly over the middle portion of the curve.

300

~2000000-5000 05000 10000
H (Oe)

Ex-1007, Fig. 5(b); see also id., p.3 (“For the proper coupling layer, uniform
switching behavior is observed, while for the decoupling case (c), the switching is

divided into 2 phases very clearly.”).
252. Because the slope 3—1:: (blue) remains substantially constant within the
magnetization range —0.7<M,/M<0.7 (in red) and the parameters H, and M; are

: o dM H : :
fixed, the normalized derivative k = W M—C also remains substantially constant.
s

126



Case No. [PR2026-00016
Patent No. 12,020,734

Thus, in my opinion, Shen’s hysteresis loop in Figure 5(b) meets claim 12’s
requirement that k does not change by more than a factor of three in the specified
magnetization range.

253. This is also confirmed by the mathematical calculation based on the
plot in Shen’s Figure 5(b). The section where magnetization changes from 0.7M;,
to 0.6M; 1s understood to be the most flat and has the smallest slope, the

corresponding field span is from 250 Oe to 700 Oe. This leads to a value of k =

0.7Ms—0.6 Ms Hc _ Hc
700 0e—250 Oe Mg 4500

The section where the magnetization changes from 0.1M;,

to -0.1M; is understood to represent the section with highest slope. The

corresponding field span is from 1600 Oe to 1980 Oe. The calculated k value is

Hc

The ratio of the two k values is @ =

4500

0.1Ms—(-0.1Ms) Hc _ Hc
1980 0e—1600 Oe M; 1900

therefore k =

2.37. Since 2.37 < 3, k does not change by more than a factor of 3 and is therefore
within the range stated in Claim 12. I have illustrated the above parameters in the

figure below.
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~ i 0.7Ms

= 100 W

3900000 -5907; 5000 10000

1980 Oe 1600 0e 700 0e 250 Oe

Ex-1007, Fig. 5(b) (annotated to show slope calculations).
254. T also confirmed the above calculation by digitizing the Shen’s Figure

5(b) plot using https://automeris.io/. Once the plot is digitized, I exported into csv

file and performed derivative calculation using Excel. Below is a plot generated

by Excel using data exported from https://automeris.io/.
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Shen's Fig. 5(b) - digitized hysteresis loop (left portion)
300

200
0.7Ms=162

100

M (emu/cm?)

-100
-0.7M,=-162

-200

-300
-10000 -5000 0 5000 10000

H (Oe)

255. By calculating the derivative for the data points between the two

green lines shown in the figure above, I obtained the maximum k value within this

rang being 0.202 %, and the minimum k value within this range being 0.079 %

s

The ratio of the two k values is 2.549, which is consistent with my estimation
above and smaller than 3 as required by claim 12.

256. As I will explain in Section XII.D.2 below, a POSITA would have
been motivated to implement Takenoiri’s tri-layer structure using Shen’s guidance
to achieve a similar uniform loop having a smooth slope the same or at least
substantially the same as that in Shen’s measured curve in Figure 5(b). Therefore,

in my opinion, Takenoiri in view of Shen renders this claim obvious.
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2. Motivation to Combine Takenoiri with Shen

257. In my opinion, both Takenoiri and Shen are analogous art to the 734
Patent and to each other because they are in the same field of endeavor as the *734
patent, e.g., perpendicular magnetic recording media. See Section XII.C.6
(motivation to combine with Fullerton); Ex-1007, Abstract. Similar to Takenoiri
and the *734 Patent, Shen also aims to achieve improved recordability without
sacrificing thermal stability by introducing a “softer” magnetic layer. Ex-1007,
Abstract. It is my opinion that at a minimum, like Takenoiri, Shen is also
reasonably pertinent to at least the problem identified in the *734 Patent of how to
“overcome the writability problem of extremely hard magnetic storage layers”
without impairing “thermal stability.” Ex-1001, 3:58-61; Ex-1005, 2:54-57; Ex-
1007, Abstract.

258. Takenoiri provides the multilayer structure and teaches control of
coupling strength through layer thickness. Ex-1005, 8:32-35. Shen shows that
proper coupling produces the desired uniform switching behavior and smooth
hysteresis loop. Ex-1007, Fig. 5. In my opinion, a POSITA would therefore have
been motivated to implement Takenoiri’s structure using Shen’s guidance to
achieve a similar uniform loop as shown in Shen’s Figure 5(b).

259. To explain in more detail, Takenoiri discloses in its Figure 5

(reproduced below) “a conceptual illustration of the hysteresis loop in a
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perpendicular magnetic recording medium according to the invention.” Ex-1005,

4:8-10.
Fig. 5. "
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Id., Fig. 5. Takenoiri further discloses that “[i]n an actual perpendicular magnetic
recording medium, the hysteresis curve has some slope due to an effect of
demagnetization, and accurate calculation of the demagnetizing factor is difficult.”
1d., 8:20-23. In my opinion, a POSITA implementing Takenoiri’s multilayer
structure would have been motivated to more accurately evaluate the performance
of Takenoiri’s structure by making the actual hysteresis loop measurement, and to
even improve the performance of the actual structure by tuning parameters of the
structure to conform to a desired hysteresis loop (which represents better
performance), as taught by Shen. See, e.g., Ex-1007, p.3 (“For the proper coupling

layer, uniform switching behavior is observed, while for the decoupling case (¢),
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the switching is divided into 2 phases very clearly.”).

260. Like Takenoiri’s bi-layer structure, Shen similarly discloses a
“composite perpendicular magnetic recording (PMR) media... by combining
a...soft layer and a...hard layer,” which results in “[s]ignificant lowering of
coercivity while still maintaining good thermal stability.” Ex-1007, Abstract.
Also, like Takenoiri’s bi-layer structure, Shen similarly recognizes the importance
of “proper coupling” between the soft and hard layers such that “[a]pplication of
reversed field initially causes the magnetization of the soft region to rotate and thus
changes the angle of the effective field (including the applied field and the
exchange field) applied to the hard region...” Id., pp. 3-4. In particular, Shen
discloses:

Figures 5(a)-5(c) show the hysteresis loop of a single hard layer, the
proper coupling case (t=0.5 nm), and the decoupled case (t=4 nm). For the
proper coupling case, uniform switching behavior is observed, while for
the decoupling case (c), the switching is divided into 2 phases very clearly.

The soft region is reversed first, starting from 5 kOe, with a slope @ rr =

1.1 (a =4n (Z—Z) |ti=rc), Which is the slope for the switching along the hard

axis direction of the soft grain as shown in Fig. 2(d). After the switching of

the soft region is finished, the switching behavior of the hard layer is shown,
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with a slope of aj4,-4 = 1.5, which is the same as the slope of the hard layer

case as shown in Fig. 5(a).

ld., p.3.
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FIG. 5. Hysteresis loop in the perpendicular direction. (a)
Sil1 nm)/[PdSi(1 nm)/Col(0.26 nm)],4/Pd—Si0,/ RuAli4 nm)/Glass; (b)
and () Si(1 nm)/FeSiO(5 nm)/PdSi(r nm)/[PdSi(1 nm)/Col0.26 nm)],./
Pd-Si0s(4 nm)/RuAl(4 nm)/Glass. r=0.5 nm and 4 nm for (b} and (c),
respectively.

Id., Fig. 5. In other words, Shen teaches that the hysteresis loop in Figure 5(b) is
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most preferred compared to Figures 5(a) and 5(c) because its “uniform switching
behavior” results in the desired “decrease of the coercivity for the proper coupling
case,” as shown in red above. Ex-1007, pp. 3-4.

261. In my opinion, a POSITA implementing Takenoiri’s multilayer
structure would have understood that the measured hysteresis loop of Takenoiri’s
bi-layer structure (whose conceptual illustration is shown in Takenoiri’s Figure 5)
would have a smooth slope similar to Shen’s Figure 5(b) because like Shen’s
Figure 5(b), Takenoiri’s bi-layer structure has two magnetic layers being exchange
coupled, while Shen’s Figure 5(c) shows a bi-layer structure with two magnetic
layers decoupled. Ex-1005, Abstract; Ex-1007, p.3 (“[F]or the decoupling case
(¢), the switching is divided into 2 phases very clearly. The soft region is reversed
first...After the switching of the soft region is finished, the switching behavior of
the hard layer is shown.”).

262. I must note that while both Takenoiri and Shen’s Figure 5(c) appear to
discuss sequential switching, they are very different. Shen’s figure 5(c) concerns a
“decoupling case” where the soft and hard layers are “decoupled,” i.e., not
exchange coupled. Ex-1007, p.3. Under this decoupled condition, as Shen
teaches, “[t]he soft region is reversed first... After the switching of the soft region
is finished, the switching behavior of the hard layer is shown.” Id. In other words,

because the soft and hard layers in Shen’s Figure 5(c) structure are not exchange
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coupled, the hard layer will not start to reverse until the soft layer has
completed switching. Thus, the soft layer does not act like a “spring” that pulls
the magnetization of the hard layer, and as a consequence, the coercive field of the
entire structure is still determined by the coercive field of the hard layer. In
contrast, Takenoiri’s soft and hard layers are exchange coupled. Therefore,
Takenoiri’s soft layer will act as a “spring” that pulls the magnetization of the hard
layer. As a result, Takenoiri’s soft layer starts to reverse first, and the hard layer
starts to reverse before the soft layer has completed switching, resulting in a
reduction of coercive field for the entire structure. Therefore, a POSITA would
have understood that when Takenoiri discusses “reversing the magnetization of
each magnetic recording layer individually and sequentially,” it refers to the
reversal process for each magnetic recording layer starting individually and
sequentially, as opposed to a harder layer starting reversal after a softer layer has
completed reversal. Ex-1005, 5:56-59; 5:12-13, 10:14-18.

263. As I have already explained above, Shen discloses that the structure
with hysteresis loop show in Figure 5(b) has superior performance. Thus, even if
the hysteresis loop of Takenoiri’s tri-layer structure is not as smooth as Shen’s
Figure 5(b), it is my opinion that a POSITA would have been motivated to further

improve Takenoiri’s tri-layer structure such that the hysteresis loop for the
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resulting structure has a smooth slope the same or at least substantially the same as
that in Shen’s measured curve in Figure 5(b).

264. In my opinion, a POSITA looking to achieve the optimal performance
from Takenoiri’s structures would further have been motivated to design all
Takenoiri’s multilayer structures, including its tri-layer structure, to also have a
hysteresis loop for the resulting structure to have a smooth slope the same or at
least substantially the same as that in Shen’s measured curve in Figure 5(b). For
illustration purposes only, I have modified Takenoiri’s Figure 5 to show the
hysteresis loop of Takenoiri’s tri-layer structure having three magnetic recording

layers, as shown in red below.
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Fig. 5. 4
X F 1

paddiddarry

Ex-1005, Fig. 5 (illustrating hysteresis loop for a tri-layer structure). Similar to the
original Figure, the hysteresis loop I draw above does not take into the effect of
demagnetization. Although this hysteresis loop has three steps, a POSITA would
have understood that by tuning the exchange coupling between two adjacent
magnetic layers, the resulting structure is able to exhibit a hysteresis loop having a
smooth slope the same or at least substantially the same as that in Shen’s measured

curve in Figure 5(b), which indicates superior performance.
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265. Moreover, Takenoiri explicitly teaches that “coercivity decreases with
increase of the absolute value of the coupling energy.” Ex-1005, 4:65-67; see also
id., 5:6-8 (“increase of the exchange coupling energy enhances thermal stability,
and at the same time, improves the recordability”). Therefore, it is my opinion that
a POSITA would have been motivated to increase the exchange coupling energy
already adopted in Takenoiri’s multilayer structure to achieve further decrease in
the structure’s coercivity, resulting in the hysteresis loop of Takenoiri’s multilayer
structure having a smooth slope the same or at least substantially the same as that
in Shen’s measured curve in Figure 5(b).

266. In my opinion, a POSITA would have had reasonable expectation of
success in implementing Takenoiri’s tri-layer structure such that its hysteresis loop
has a smooth slope the same or at least substantially the same as that in Shen’s
measured curve in Figure 5(b). As taught by Shen, increasing the coupling
strength of the soft and hard layers allows the hysteresis loop to evolve from
Figure 5(c) to Figure 5(b). Takenoiri explicitly teaches that increasing exchange
coupling energy brings a decrease in coercivity. Ex-1005, 4:65-67. Takenoiri
further teaches that control of exchange coupling energy is done by controlling the
thickness of the coupling layer. Id., 8:33-35 (“an appropriate coupling energy
between magnetic recording layers by adjusting the film thickness”). Therefore, it

1s my opinion that a POSITA would have understood that by varying the thickness
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of Takenoiri’s coupling layers, the hysteresis loop in Shen’s Figure 5(b) can be

achieved for Takenoiri’s tri-layer structure.

XIII. CONCLUDING STATEMENTS

267. In my opinion, the challenged claims 1-2, 4, and 7-8 of the *734
Patent are obvious over Takenoiri alone. As such, in my opinion, these claims
should be found unpatentable.

268. In my opinion, claims 5-6 and 9-11 of the *734 Patent are obvious
over Takenoiri in view of Fullerton. As such, in my opinion, these claims should
be found unpatentable.

269. In my opinion, claim 12 of the 734 Patent is obvious over Takenoiri
in view of Shen. As such, in my opinion, this claim should be found unpatentable.

270. I hereby declare that all statements made herein of my own
knowledge are true and that all statements made on information and belief are
believed to be true; and further that these statements were made with the
knowledge that willful false statements and the like so made are punishable by fine
or imprisonment, or both, under Section 1001 of Title 18 of the United States Code
and that such willful false statements may jeopardize the results of these

proceedings.
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Date: October &8, 2025

Jian-Gang Zhu, Ph.D.
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