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CHALLENGED CLAIMS

Claim 1

1Pre | 1. A visual display assembly useful as a security element on paper and
coin currency, and product labels, comprising:

la | a substrate; and

Ib.1 | on a surface of the substrate, an array of micro mirrors receiving ambient
light and,

1.b2 | in response, displaying an image in a plane spaced a distance apart from
the surface of the substrate, wherein the image comprises a plurality of
pixels and

1.b3 | wherein the array of micro mirrors includes for each of the pixels a
different set of the micro mirrors each having a reflective surface
oriented, in a fixed manner with a body of each of the micro mirrors
rotated about at least one of first and second rotation axes extending
through the body, to reflect the ambient light toward a point on the
plane corresponding to one of the pixels,

1.b4 | wherein each of the different sets concurrently reflect the ambient light
to concurrently generate the plurality of pixels,

1.b5 | and wherein a voxel is created at each of the points on the plane via
intersection of two or more beams of the reflected ambient light and

1.b6 | wherein each of the created voxels produces an effect of a point source
of light floating above the surface of the substrate in the plane.

Claim 6

6 6. The assembly of claim 1, wherein each of the sets of the micro
mirrors includes a number of the micro mirrors in the range of 2 to 40
and wherein the reflected ambient light from at least twenty of the micro
mirrors intersects at the point corresponding to the one of the pixels.

vii
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Claim 7

7 7. The assembly of claim 6, wherein each of the sets of the micro minors
includes at least thirty of the micro mirrors.

Claim 8

8 8. The assembly of claim 6, wherein the point on the plane corresponds
to an apex of a cone and the at least twenty of the micro mirrors are
located within a base of the cone coplanar with the surface of the
substrate.

Claim 9

9 9. The assembly of claim 8, wherein the micro mirrors within the base of
the cone and excluded from the set of the micro mirrors displaying the
pixel are oriented to reflect the ambient light away from point on the
plane corresponding to the pixel to provide a dark background for the
image.

Claim 10

10 | 10. The assembly of claim 1, wherein, further in response to the
receiving of the ambient light, the array of micro mirrors displays a
second image in a second plane spaced a distance apart from the plane
displaying the image, wherein the second image comprises a plurality of
pixels and wherein the array of micro mirrors includes, for each of the
pixels of the second image, a set of the micro mirrors each having a
reflective surface oriented to reflect the ambient light toward a point on
the second plane corresponding to one of the pixels of the second image.

Claim 11

11 | 11. The assembly of claim 10, wherein the image has a first viewing
angle and the second image has a second viewing angle offset from the
first viewing angle by at least 10 degrees.

Claim 12

12 12. The assembly of claim 1, wherein the plane is above, below, or
coinciding with the focal plane for the array of the micro mirrors.

Claim 13

viii
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13 | 13. The assembly of claim 12, wherein the micro mirrors are configured
to display the image with colors.

Claim 14

14 | 14. The assembly of claim 13, wherein at least one of ink, plasmonic
resonance, and dielectric material is used to configure the micro mirrors
to display the image with the colors.

Claim 28

28Pre | 28. A visual display assembly useful as a security element on paper and
coin currency, and product labels, comprising:

28a | a substrate; and

28b.1 | on a surface of the substrate, an array of micro mirrors receiving
ambient light and,

28b.2 | in response, displaying a first image and a second image in a plane
spaced a distance apart from the surface of the substrate at first and
second viewing angles, respectively, wherein the first and second
images each comprises a plurality of pixels,

28b.3 | wherein the array of micro mirrors includes for each of the pixels a
unique set of the micro mirrors each having a reflective surface rigidly
oriented, by rotating a body of each of the micro mirrors about at least
one of two rotations axes extending through the body, to reflect the
ambient light away from the substrate toward a point on the plane
corresponding to one of the pixels,

28b.4 | wherein each of the unique sets of the micro mirrors includes a number
of the micro mirrors in the range of 2 to 40, and

X
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28b.5 | wherein the reflected ambient light from the number of the micro mirrors
intersects at the point corresponding to the one of the pixels to create a
voxel,

28b.6 | whereby the voxel acts like a point light source positioned in the plane at
the point corresponding to the one of the pixels.

Claim 32

32 | 32. The assembly of claim 28, wherein the point on the plane
corresponds to an apex of a cone and the number of the micro mirrors
are located within a base of the cone coplanar with the surface of the
substrate.

Claim 33

33 | 33. The assembly of claim 32, wherein the micro mirrors within the
base of the cone and excluded from the set of the micro mirrors
displaying the pixel are oriented to reflect the ambient light away from
point on the plane corresponding to the pixel to provide a dark
background for the image.

Claim 34

34 | 34. The assembly of claim 28, wherein the plane is above, below, or
coinciding with the focal plane for the array of the micro mirrors,
wherein the micro mirrors are configured to display the image with
colors, and wherein at least one of ink, plasmonic resonance, and
dielectric material is used to configure the micro mirrors to display the
image with the colors.

Claim 35

35Pre | 35. A visual display assembly useful as a security element on paper and
coin currency, and product labels, comprising:

35a | a substrate; and
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35b.1 | on a surface of the substrate, an array of micro mirrors receiving
ambient light and,

35b.2 | in response, displaying an image in a plane spaced a distance apart from
the surface of the substrate, wherein the image comprises a plurality of
pixels,

35b.3 | wherein the array of micro mirrors includes for each of the pixels a
different set of the micro mirrors each having a reflective surface
oriented, differently from others of the micro mirrors in the different
set, to reflect the ambient light away from the substrate and toward a
point on the plane corresponding to one of the pixels,

35b.4 | a first set of voxels concurrently being created at the points on the plane
via intersection of two or more beams of the reflected ambient light at
each of the points on the plane to concurrently display the pixels of the
image, wherein,

35b.5 | further in response to the receiving of the ambient light, the array of
micro mirrors displays a second image in a second plane spaced a
distance apart from the plane displaying the image,

35b.6 | wherein the second image comprises a plurality of pixels, and

35b.7 | wherein the array of micro mirrors includes, for each of the pixels of the
second image, a different set of the micro mirrors each having a
reflective surface oriented, differently from others of the micro mirrors
in the different set, to reflect the ambient light away from the substrate
and toward a point on the second plane corresponding to one of the
pixels of the second image,

35b.8 | a second set of voxels concurrently being created at the points on the
second plane via intersection of two or more beams of the reflected
ambient light at each of the points to concurrently display the pixels of
the second image.

Claim 36

xi
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36 | 36. The assembly of claim 35, wherein the image has a first viewing
angle and the second image has a second viewing angle offset from the
first viewing angle by at least 10 degrees.

Claim 37

37 | 37. The assembly of claim 35, wherein each of the sets of the micro
mirrors includes a number of the micro mirrors in the range of 2 to 40,
wherein the reflected ambient light from the number of the micro
mirrors intersects at the point corresponding to the one of the pixels.

Claim 38

38 | 38. The assembly of claim 35, wherein the plane is above, below, or
coinciding with the focal plane for the array of the micro mirrors.

Claim 39

39 | 39. The assembly of claim 35, wherein the micro mirrors are configured
to display the image with colors and wherein at least one of ink,
plasmonic resonance, and dielectric material is used to configure the
micro mirrors to display the image with the colors.

xii
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L. INTRODUCTION

1. My name is Dr. Lambertus Hesselink. I have been retained by
Petitioners Giesecke+Devrient GmbH, Giesecke+Devrient Currency Technology
GmbH, and Papierfabrik Louisenthal GmbH (collectively, “G+D” or “Petitioners™)
to provide expert opinions with respect to U.S. Patent No. 10,189,294 (the “’294
Patent”), which 1 understand is assigned to Patent Owner Lumenco, LLC
(“Lumenco” or “Patent Owner”).

2. I am being compensated at my standard consulting rate of $675 per hour
for my time, plus reasonable out-of-pocket expenses. I have received no additional
compensation for my work in this matter, and my compensation does not depend
upon the content of my opinions, any testimony that [ may provide, or the ultimate
outcome of the matter. All of the opinions set forth in this declaration are my own.

II. BACKGROUND AND QUALIFICATIONS

3. Full descriptions of my educational background, professional work,
qualifications, and publications are set forth more fully in my curriculum vitae,
which is attached to this declaration as Exhibit 1036. Here, I provide a summary of
my background and qualifications.

4. I am currently a Professor of Electrical Engineering in the Department
of Electrical Engineering at Stanford University, and by courtesy in the Departments

of Applied Physics and Aeronautics and Astronautics.
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5. In 1970, I received a Bachelor of Science degree in Mechanical
Engineering from the Twente Institute of Technology in Enschede, Netherlands, and
a Bachelor of Science degree in Applied Physics from the same institution in 1971.
The following year, I received my Master of Science degree in Mechanical
Engineering from California Institute of Technology. In 1974, I obtained an Applied
Mechanics engineering degree from the Twente Institute of Technology, and then I
subsequently continued my studies at the California Institute of Technology and, in
1977, earned my doctorate degree in Applied Mechanics and Physics/Applied
Physics.

6. My expertise 1s in ultra-high density optical data storage, and optical
information systems generally, as well as optical communication components, nano
photonics, optics and optical systems, and optical interconnects. [ have been awarded
several scientific awards from scientific and professional societies, including the
Fulbright Scholarship, Stheeman Price Award, DARPA Award, Best Paper Awards
from the Institute of Electrical and Electronics Engineers (IEEE) and OSA, Fellow
of the Optical Society of America (OSA), the Society of Photo- Optical
Instrumentation Engineers (SPIE), and the National Information Solutions
Cooperative (NISC), among others. In addition to being an assistant, associate, or
full Professor performing research in these fields for over 30 years, I am a member

of the Royal Dutch Academy of Arts and Sciences, the National Academy of
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Inventors, have been the keynote or invited speaker in over 290 scientific meetings
and the organizer of over 70 scientific meetings, have authored more than 500 papers
in scientific journals, have written over 15 book chapters on optics, data analysis and
visualization, optical storage, and image processing, and have been the editor of
several scientific publications, including Applied Optics, Applied Scientific
Research, and IEEE Transaction on Visualization.

7. I have had an intimate knowledge of the technology of optical systems
since at least 1978. I have taught courses at the California Institute of Technology
and Stanford University on optical systems design, modern optics, optical signal
processing and digital image processing, among others, for over 40 years, covering
specific topics that include the design and operation of optical display systems.
Since at least the early 1980s I have been leading research and development of 3-D
displays, including autosterecoscopic holographic displays, 3-D up conversion
display, 3-D displays for security applications, grating-based displays, as well as
data analysis of complex 3-D flow visualizations using scanning laser systems,
tomography, and mathematical topology. We invented numerous 3-D display and
storage devices and used interferometry to determine the 3-shape of objects using
optical and X-ray scanners. Using the Stanford nano-fabrication facilities we
implemented and tested our displays using CMOS fabrication technology, among

others.
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8. In addition to my academic experience, | have extensive corporate and
consulting experience. [ have founded three high-technology companies, I have been
Chief Technology Officer in the Branded Products division of Western Digital, |
have been a member of the Scientific Advisory Board of the United States Air Force,
and I was a member of one of the two NASA Ad Hoc Advisory Committees tasked
with repairing the Hubble Space Telescope just after its launch. With a broad
knowledge of optics, optical systems and devices, optical storage systems, a solid
grounding in 3-D displays and its underlying technologies and components, and
experience with the patent and trade secret process, I believe that I am qualified to
provide an accurate assessment of the technical issues addressed in this declaration.

0. In particular, as noted in Section VII below, my opinion is that a person
of ordinary skill in the art (“POSITA”) as of December 3, 2015 would have had an
undergraduate degree in mechanical or electrical engineering or physics and two to
three years of experience in micro-optics design. I met and exceeded those
requirements as of December 2015.

10.  Given my experience in the field, I am familiar with the knowledge that
a POSITA would have had at the time and the manner in which such a person would
have viewed the available information at the time. My testimony is offered from this
perspective, even if it does not specifically refer to the perspective of a POSITA in

every instance.
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11. My opinions are also based on investigation and study of the patent at
issue, its file history, and the prior art. In the course of forming my opinions, I have
reviewed all the relevant exhibits submitted with the Petition, which are specifically
identified in the Exhibit List and that may be additionally referenced herein.

12. 1 may rely upon these materials and/or additional materials to rebut
arguments raised by Lumenco. Further, | may also consider additional documents
and information in forming any necessary opinions including documents that may
not yet have been provided to me.

III. LEGAL UNDERSTANDING

13. I understand that issues such as invalidity and claim construction are
analyzed based on certain legal standards. Counsel for Petitioners have provided me
with an understanding of these standards, and I have applied them in my analysis set
forth in this declaration.

A.  The Person of Ordinary Skill in the Art

14. I understand that a person of ordinary skill in the art (“POSITA”) is a
hypothetical person who is presumed to be aware of all pertinent prior art, thinks
along conventional wisdom in the art, and is a person of ordinary creativity—not an
automaton.

15. I understand the level of ordinary skill in the art is evaluated based on

various factors, including: the level of education and work experience of persons in
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the field; the type of problems encountered in the field; and the sophistication of the
technology at issue.

B. Claim Construction

16. I understand that, as a general rule, the claim terms of a patent are
understood to have their ordinary and customary meaning to a POSITA at the time
of the invention when read in the context of the patent and its prosecution history. I
understand that there are certain exceptions to the general rule, including
lexicography and disavowal, but I have not been asked to analyze those exceptions
in connection with this proceeding.

C. Obviousness

17. Tunderstand a patent claim is still invalid if the differences between the
claimed subject matter and the prior art are such that the subject matter as a whole
would have been obvious at the time the invention was made to a person of ordinary
skill in the pertinent art.

18. I understand an obviousness determination includes the consideration
of various factors, including the scope and content of the prior art, the differences,
if any, between the prior art and the claimed subject matter, the level of ordinary
skill in the art, and any “secondary considerations,” also called objective indicia of

obviousness or non- obviousness.
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19. I understand an obviousness determination can be based on a single
prior art reference or a combination of multiple prior art references and the
knowledge of a POSITA. I understand the prior art itself may provide a suggestion,
motivation, or reason to combine or modify the teachings of the prior art, or that
such a reason may come from other sources, such as the knowledge of a POSITA,
common sense, and market forces. However, [ understand it is impermissible to rely
on hindsight or to use the claimed invention as a roadmap to reach a finding of
obviousness.

20. I understand the following rationales may support a finding of
obviousness:

o Combining prior art elements according to known methods to yield
predictable results;

o Simple substitution of one known element for another to obtain
predictable results;

o Use of known technique to improve similar devices (methods, or
products) in the same way;

o Applying a known technique to a known device (method or product)
ready for improvement to yield predictable results;

o “Obvious to try” — choosing from a finite number of identified,
predictable solutions, with a reasonable expectation of success;

o Known work in one field of endeavor may prompt variations of it for
use in either the same field or a different one based on design incentives
or other market forces if the variations are predictable to one of ordinary
skill in the art;
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o Some teaching, suggestion, or motivation in the prior art that would
have led one of ordinary skill to modify the prior art reference or to
combine prior art reference teachings to arrive at the claimed invention.

21. I understand an obviousness finding requires a reasonable expectation
of success in achieving the claimed invention. The expectation of success need only
be reasonable; a perfect implementation or commercial embodiment of the invention
is not required.

22. I understand that objective indicia of obviousness or non-obviousness
may include commercial success attributable to the alleged invention; a long-felt but
unmet need for the alleged invention; praise of the alleged invention by others in the
field; and skepticism towards the alleged invention by experts. I understand that any
secondary considerations must bear a nexus to the alleged invention. I understand
the nexus requirement is not satisfied if, for example, the purported commercial
success is tied to features of a product that were known in the prior art rather than
the alleged invention.

IV. SUMMARY OF INVALIDITY GROUNDS

23.  For purposes of this declaration, I have been asked to analyze claims 1,
6-14, 28 and 32-39 (“Challenged Claims”) of the 10,189,294 patent in view of the

prior art. In my opinion, the challenged claims are obvious based on the following

grounds:
Ground Claims References
1 1, 6-13, 28, 32-33, and 35-38 Fuhse262 (embodiment of Fig.
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2) in view of Fuhse262
(embodiment of Figs. 8, 9, 10)
Fuhse262 (Ground 1) in view of
Fuhse925
Fuhse262 (Ground 1) in view of
Jordan
Fuhse262 and Fuhse925
(Ground 2) in view of Jordan

Grounds 1, 2, 3, or 4 in view of
Fuhsel72

2 1, 6-13, 28, 32-33, and 35-38

3 1, 6-13, 28, 32-33, and 35-38

4 1, 6-13, 28, 32-33, and 35-38

5-8 14, 34, 39

V. TECHNOLOGY BACKGROUND
A.  Optical Security Features
1. Historical Development

24.  3-D security stickers or devices have been utilized on valuable items
such as bank notes, clothing (such as NFL paraphernalia), equipment, devices, or
instruments since at least the early 1990s. In the middle 1990s, I invented a
holographic recording device that incorporated a security feature that could only be
activated by a known optical readout with a random phase distribution. Holographic
stickers have been applied to cereal boxes, toys, clothing, credit cards, banknotes
even earlier. The underlying key enabling technology is based on optical readout of
micro and nano structures embedded in a substrate. For holograms, it is a diffractive
structure.

25.  For displays, micromirrors are often utilized to create a specific optical

two- or three-dimensional image that is only visible under certain readout conditions
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of ambient light, enabling widespread applications. One of the key requirements of
the security labels is to prevent copying of the labels using readily available
commercial copying machines. As these machines rely on 2-D optical readout of the
information, 3-D micro- or nanostructures are the medium of choice for recording
the security information. Besides holographic diffraction gratings, micromirrors are
frequently embedded in a substrate to create 3-D visual displays that are difficult to
copy with low-cost, commercially available copiers.

26. Optically variable devices (“OVDs”) for document anti-counterfeiting
were introduced in the 1980s. For example, Australian commemorative ten-dollar
plastic banknote issued in January 1988 using an OVD. EX1026, p. 22. The OVD
on the 1988 banknote took the form of the schematic portrait of Captain Cook. Id.

27. By the late 1980’s OVDs with arrays and feature sizes on the order as
those contemplated in the 294 Patent were already being produced. For example,
the Commonwealth Scientific and Industrial Research Organisation (“CSIRO”) in
Australia developed a diffraction based OVD at that time, as explained in the article
Development of Optically Variable Devices for Document Security in CSIRO
(published in 2005):

“A further advance in OVD technology by CSIRO was implemented in

1989 as Pixelgram™. In this technology, the image was comprised of

30 x 30 um or 60 x 60 um pixel elements with the flexible allocation

of a groove structure from a palette of fine gratings. Improved

portraiture was among the technical capabilities of Pixelgram. By 1993,
a new development of the technology was named Exelgram™. The
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prefix “exel” was derived from “exposure element”, a term devised to

indicate that the diffraction pattern was written with the high resolution

of electron beam equipment. Each Exelgram image was based on a very

large number of gratings with the individual spacing of the grooves

selected from a range of 10 different levels. The choice of groove

spacing provided the corresponding iridescent colour in the individual

30 x 30 um regions of the image.”

EX1026, p. 22.

28. OVDs are broadly applicable to many applications that require anti-
counterfeiting, including currency, passports, ID cards, and product labels, these
solutions use optical features to verify the authenticity of documents.

29. OVD technology has advanced rapidly over the years in order to “stay
ahead” of rapidly advancing counterfeiting technology, including the proliferation

of low-cost digital scanners and high-resolution color copiers.

2. Micro-Mirror Arrays

30. Micro-mirror arrays are structures embedded in a substrate that upon
illumination of light create a visual image(s). The mirrors are typically small, on the
order of 25-50 microns, so that they can be fabricated by electronic manufacturing
techniques. Each of the mirrors in the array will reflect incident light in a certain
direction determined by the orientation of the micro-mirror surface and the angle of
incidence of the light, following well known laws of geometrical optics. By directing
the reflected light of a collection of micro-mirrors 2D or 3D objects can be created

floating in space. An observer of the floating images can often manipulate the images
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by changing the orientation of the micro-mirrors with respect to the illumination
light beam. The illumination light beam is often a so-called plane wave, i.e., a beam
in which all the rays are substantially parallel to each other, such as light coming
from the sun. Often this light beam is referred to as ambient light. As an example,
by rotating or tilting the security label, multiple images can be visualized, or their
geometry changed.

31.  Micro-mirror arrays are also used for telecom applications involving
optical communication beams or scanners, and in this application are often referred
to as optical switches, because the orientation of the mirror surfaces can be
dynamically changed by applying, for example, an electrical force. For security
applications, which must be low cost for use on consumer products, the micro-mirror
arrays are embedded into the substrate. To avoid copying and replication of the
surface micro-mirror arrays using surface topology scanners, the micro-mirror arrays
are typically covered by an optically transparent medium that is flat and smooth.

32. In the early 2000s, over a decade before the ’294 Patent’s earliest
possible priority date, micro-mirror OVD had become well-known, which replaced
diffraction gratings with arrays of micro-mirrors. Micro-mirror OVD technology
advanced rapidly in the period from the early 2000s through December 2015 (the

’294 Patent’s earliest possible priority date).
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33.  As explained in the article Development of Optically Variable Devices
for Document Security in CSIRO (published in 2005), micromirror arrays for
document security and their methods of production were well-established, including
the ability to individually orient each micromirror:

“A typical OVD microstructure comprised of a micro-mirror array
(Figure10) may contain up to one million mirrors of dimensions 60 x
60 um or less. Each mirror is arranged at a predetermined angle
according to the input picture in formation.

The procedure for producing a micromirror OVD involves three main
phases — 1) production of an image specific mask by electron beam
lithography, 1) UV exposure through the mask to produce the required
micro-mirror surface relief structure in a thick layer of optical resist and
i11) electroplating of this resist layer to produce a hard nickel tool.”

¥ P ELSY ¥ v
Figure 10. Optical micrograph of an experimental micro-mirror structure. Rows of
micro-mirrors of opposing slopes can be seen here. In this particular case, each micro-

mirror has a dimension of 30 x 30 um.

EX1026, p. 26, FIG. 10.

13
Giesecke+Devrient GmbH,
Page 26 Giesecke+Devrient Currency Technology GmbH,
and Papierfabrik Louisenthal GmbH. - Ex. 1003



Declaration of Prof. Lambertus Hesselink, Ph.D.

34. This experimental micro-mirror OVD also provided “two angles of
view” corresponding to the two images produced by the micromirror arrays.

EX1026, p. 26, FIG. 12.

B. Ray Optics
1. The Ray Model

35. The propagation of optical radiation such as solar beams, lasers and
flashlights is governed by the laws of geometrical optics. Early experiments and
quantitative analysis of light propagation dates back at least four hundred years ago,
and rudimentary knowledge of light propagation was used by the Romans and the
Greek for warfare. Three basic laws describe the propagation of rays. In this model,
rays are mathematical entities with zero width along which energy flows (i.e.

photons). Rays can be thought of as small pencils of light emanating in a particular

14
Giesecke+Devrient GmbH,
Page 27 Giesecke+Devrient Currency Technology GmbH,
and Papierfabrik Louisenthal GmbH. - Ex. 1003



Declaration of Prof. Lambertus Hesselink, Ph.D.

direction from a source such as the sun, a laser, or a distant light in the room.
Grouped together they form a bundle of light, such as a beam of light. The three
laws for propagation of a light ray (i.e. a single ray, which may be part of a bundle.
The laws apply to the ray, and to a bundle when considering all the rays making up
the bundle of light) are:

36. (1) Rays in a uniform medium (i.e. a medium that consists of one
material only, such as air having the same properties everywhere) propagate along
straight lines. See EX1027 (Optics, Hecht, 4th Edition (2002)), p. 98 (“In a medium
that is uniform (homogeneous), rays are straight”); EX1028 (Fundamentals of
Photonics, Saleh & Teich, 1st Edition (1991)), p. 4 (“in a homogeneous medium,
light rays travel in straight lines”).

37.  (2) Snell’s Law. A ray incident on the interface between two media,
such as air and glass, follow Snell’s Law which says that the product of the sine of
the angle of incidence of the ray on the medium times the index of refraction of the
medium is constant across the interface of the two media. The index of refraction is
a quantity that determines how much of the energy of the ray propagating in the
medium gets absorbed and how fast the rays are propagating in the medium. See
EX1028 (Fundamentals of Photonics, Saleh & Teich, 1st Edition (1991)), p. 5-6

(providing a proof of Snell’s Law).
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38.  (3) The law of reflection. This law states that the angle of incidence of
a ray on a mirror is equal to the angle of reflection of the ray from the mirror. The
angle of incidence and reflection are the angle between the surface normal and the
incoming ray, and the angle between the reflected ray and the normal to the surface,
respectively. See EX1027 (Optics, Hecht, 4th Edition (2002)), pp. 98-99 (“the Law
of Reflection means the “angle-of-incidence equals the angle-of-reflection™);
EX1028 (Fundamentals of Photonics, Saleh & Teich, 1st Edition (1991)), p. 5 (“the
angle of reflection equals the angle of incidence”).

39. Ray equation mathematics applied to micromirror arrays for security
elements were well-known before the relevant time. For example, “Micromirror
array nanostructures for anticounterfeiting applications” (published 2004) provided
a derivation of the ray equations associated with a reflective micromirror, beginning
with the following discussion:

2.1 Ray equations

Figure 2 shows a single reflecting pixel element of arbitrary surface

form illuminated by a point light source at “A”, a distance Roo from a

point “P” on the pixel surface and producing a reflected optical field.

Point “B” is a point in the reflected optical field, a distance Rio from

the point P. “O” is the origin of the coordinate system and Xo ,Yo, Zo

represents the coordinates of the source point “A”, while X ,Y1, Z; are

the coordinates of the point “B”. X,Y,Z are the coordinates of point P
on the surface of the pixel.
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Figure 2. Pixel optical geometry

40. Additionally, CODEV and Zemax are commercially available ray trace
programs that have been developed and used since the invent of digital computers
for commercial applications. After the microcomputer became widely available as a
personal computational tool (i.e. the Digital Equipment Corporation VAX 11-750
and VAX 11-780 from the early 1980s), these lens design programs became widely
available around the world.

2. Ray Diagrams

1
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41. Ray propagation is often visualized by drawing cartoons referred to as
ray diagrams. Ray diagrams visualize the ray paths as a result of rays interacting
with optical elements such as mirrors and lenses. Ray paths can be computed for a
given arrangement of lenses and mirrors using the three laws of geometrical optics.
See EX1027 (Optics, Hecht, 4th Edition (2002)), pp. 243-52.

42. As any light beam would have an infinite number of rays (they are
infinitesimally thin), a theoretical framework has been developed over decades to
determine which rays are critical to the (imaging) performance of the optical system.

43. This framework includes defining key rays whose paths through the
optical system must be considered to determine optical performance. One of these is
a called a chief ray.

44.  Chief ray. A chiefray is a ray that comes from an off-axis object point
through the center of the aperture stop. The aperture stop is that stop in the system
(say camera), that limits the amount of light that passes through the system from an
on-axis object point. For example, cameras have variable aperture stops for adjusting
the amount of light that falls on the detector. The chief ray for a micro-mirror
element is the ray coming from the source, say the sun, and passing through the
center of the micro-mirror. Knowing the direction at which the ray falls on the mirror
(i.e. the angle between the mirror normal and the incoming light ray) the angle of

reflection will be equal to the angle of incidence. See EX1027 (Optics, Hecht, 4th
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Edition (2002)), p. 172. As discussed in Optics (Hecht, 4th Edition (2002)), which
states that “[t]he chief ray, associated with a conical bundle of rays from a point on
the object, effectively behaves as the central ray of the bundle and is representative
of it.” See EX1027, p. 172.

45.  When using parallel light (i.e. as used in the patent) all incident rays
that are parallel to each other experience the same direction in which they are
reflected.

3. Ambient Light

46. Ambient light generally refers to light in the ambient, or environment.
This could be coming from the sun or a local light source. In the patent, ambient
light refers to parallel light, i.e., all the rays coming from the source are parallel to
each other.

C. Surface Orientations
1. Planar Surfaces

47. The position and orientation of planar surfaces with respect to a
coordinate system, such as the x-y-z orthogonal coordinate system, is fully
determined by its center position and the orientation of the surface as expressed by
the normal vector. The vector is characterized by a length (typically normalized to
one) and an orientation with respect to the coordinate system given by the projection
of the vector on each of the three orthogonal coordinate axes, X, y, and z. As the

normal vector to the surface is known, mathematical geometry allows computation

1
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of the so-called direction cosines, i.e. the angles the planar surface makes with
respect to the coordinate axes. Each representation, based on either the direction
cosines or the normal to the planar surface is interchangeable with the other through

straight forward geometrical mathematics.

V1. THE 294 PATENT

48. In this section, I provide an overview of the ‘294 patent, a summary of
the prosecution history, and a listing of the challenged claims.

A. Overview

49.  The ’294 patent is titled Arrays of individually oriented micro mirrors
for use in imaging security devices for currency and brand authentication. Ex. 1001.
Its underlying application was filed on May 23, 2016. Id. I understand the ’294
patent is related to Provisional Application No. 62/262,767, filed on December 3,
2015. Id. For purposes of my analysis, [ have used the provisional application filing
date as the effective filing date for the challenged claims. As detailed below, all of
the prior art discussed herein was filed, issued, published, or claims priority to a date
before December 3, 2015.!

B. Specification

I'T reserve the right to challenge any priority claim to the provisional

application filing date at a later point in time.
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50.  The ’294 patent concerns the problem of designing and fabricating anti-
counterfeiting security elements that can be used on documents and products such
as currency, and which are more difficult to replicate and therefore more secure (at
least according to the *294 patent), than anti-counterfeiting elements based on, e.g.,
moiré pattern printing and holograms. Ex. 1001, 1:16-2:14.

51.  The solution described in the *294 patent is a security element that ““is
configured to ‘write’ images with light in one, two, or more spatial planes above and
below the surface of an array of micro mirrors” on a substrate “which may be part
of the object upon which the security element is provided such as a piece of currency
or a product label”. Ex. 1001, 2:33-36, 3:9-14.

52. A micro mirror is simply a very small mirror. For example, the ‘294
patent states that the reflecting surface of each micro mirror may be rectangular in
shape with a side length of around 50 micrometers (50 x 10-6 meters), and in other
examples, it is circular in shape with a diameter of around 50 micrometers. Ex. 1001,
4:4-9. Each micro mirror “typically will be formed of a metal or metallic compound
or other material chosen for its reflective properties.” Ex. 1001, 6:37-39.

53.  The concept described in the *294 patent is to split the array of micro
mirrors into different subsets, each of which is oriented to reflect ambient light to
produce a “point source of light,” or “pixel.” These pixels together form an image

in a common “image display plane.” Multiple images may be produced in different
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99 ¢¢

image display planes. The result is to create “floating image(s)” “a height or distance
above (or below in some cases) the place of the supporting surface containing the
array of micro mirrors.” Ex. 1001, 5:10-6:9.

54.  FIG. 2 illustrates this: a “security device 220 has an exposed or upper
surface 222 that is configured to provide an array of micro mirrors 224, which may
be individually oriented to provide reflection of ambient light striking the surface
222 of the security element 220 so as to display one or more floating images that can
be observed by a viewer 202.” Ex. 1001, 7:30-36.

55. The micro mirrors in the subsets that create the first displayed image
are oriented relative to those in the subsets that create the second displayed image
“so that the pixels 243 of the first image 242 are a viewing angle offset, Ooge:s, (€.g.,
10 to 30 degrees) from the pixels 263 of the second image 262 so that the viewer

202 typically only views one of the floating images 242, 262 at a time.” Ex. 1001,

8:2-6.
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VIEWER
2ND DISPLAYED ,©>— 202 pIXELS 200
IMAGE 262 \ 263 o~
N -
B e Tiaaraitis ND IMAGE DISPLAY PLANE,~~
% {STDISPLAYED ’ N
IMAGE 242 —~ / 20

/ //Neomg 1ST IMAGE DISPLAYPLANV

exes A | % 250 bzo

212

H

FIG.2 210

56.  FIG. 5 illustrates the intersection of light rays from different subsets of
micro mirrors to form pixels in different image display planes. In most
embodiments, each pixel can be considered the apex of a cone whose base on the
substrate contains the subset of micro mirrors that produce that pixel. Ex. 1001,
7:56-60. Not all of the micro mirrors in the base of the cone that corresponds to a
given pixel are contained in the subset which produces that pixel. Ex. 1001, 8:20-
24,

57. In FIG. 5, all four sets of rays, i.e., the two sets of “beams/rays 514”
that intersect to produce the two distinct “pixels 522” in image display plane 1 and

the two sets of “beams/rays 518 that intersect to produce the two distinct “pixels
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532” in image display plane 2, are reflected in four cones whose bases overlap. Ex.

1001, 9:19-45.

- View point 2 View point 1
{ Iy
530 532 I I PLANE?2 /
PLANE 2 f | BRIGHT ZONES f /
NOTE: ’"7\
IMAGES OF BRl"‘HT AND DARK ZONES DO U o
NOT OVERLA W TONY
THE IMACFSAPPEAR TOBEIN?2 i {//
DIFFERENT PLANES il \ ANGLE OF
ONE IMAGE DARKENS AS THE OTHER ViR SEPARATION
LIGHTENS AS THE VIEWANGLE CHANGES ‘]\[ 522 OF THE TWO
A \il \ .. IMAGES
! 4 PLANE 1
520/ 518 BRIGHT ZONES
ONLY TWO PIXELS OF | ANGLE OF IMAGE
EACH IMAGE SHOWN l]f i QEPA&ATTON ANE—J CONE
FOR CLARITY [ ANGLES AT PIXELS ARE
; CHOSEN TO GIVE ANGULAR
MIRROR PLANE , , SEPARATION
v LIGHT- JARK
1 2IMAGES Four overlapping
cone bases

’294 patent, FIG. 5 (annotated)

58.  In embodiments such as that illustrated in FIG. 5, the micro mirrors are
“adapted specifically to provide two light and dark images.” Ex. 1001, 9:19-22.
When the security element is viewed from viewpoint 1, which is illuminated by the
reflected rays that form “pixels 5227, the image in image display plane 1 will appear

light and the image in image display plane 2, the rays of which are directed away

from viewpoint 1, will appear dark. When the security element is viewed from

24
Giesecke+Devrient GmbH,
Giesecke+Devrient Currency Technology GmbH,
and Papierfabrik Louisenthal GmbH. - Ex. 1003

Page 37



Declaration of Prof. Lambertus Hesselink, Ph.D.

viewpoint 2, which is illuminated by the reflected rays that form “pixels 5327, the
situation reverses: “One image darkens as the other lightens as the view angle
changes.” Ex. 1001, 9:57-58. The “angle of image separation, ¢” (“0” in FIG. 5)
and the cone angles at the pixels, i.e., the angles made by the sides of the cones where
they meet at the apex, are chosen to give the angular separation between the
viewpoints. Ex. 1001, 9:46-58. Because the image can appear to change as the
viewing angle changes, it is possible to produce an “animation effect.” Ex. 1001,
17:36-59.

C.  Prosecution History

59. Two non-final Office Actions and one final Office Action were issued
during the prosecution of the application from which the ‘294 patent issued.

60. On December 15, 2017, a non-final rejection was issued on all claims
(claims 1-14, 41-66) for indefiniteness (p. 3), claims 1-4, 10, 12, 41-43, 50, 62, 65
rejected as being anticipated by US2005/0057812 (“Raber”) (p. 4); claims 5-9, 11,
13,44-49,51, 52, 54-60, 63, 64 rejected as being unpatentable as obvious over Raber
(p. 9); claims 14, 53, 61, 66 rejected as being unpatentable over US2005/0057812 in
view of US2008/0112056 (p. 20). Ex. 1002, pp. 353-75.

61. On January 22, 2018, Applicant amended claims 1, 2, 41, 45, 54, 55,

56 and cancelled claim 60, while other claims remain, unamended. Ex. 1002, pp.
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Applicant premised its response by distinguishing Raber as an electronics-

based invention, such as would require dynamic/variable components:

“Prior to turning to specific claim language, it may be useful to
more generally discuss Applicant’s visual display assemblies and
the variable focus system of Raber. In general, Applicant teaches
a visual display assembly that is particularly well suited for use
in security devices such as those used in currency and upon
product labels to provide a 3D image to a viewer whereas
Raber’s variable focus system is useful in providing a 3D
television or similar device. These are very different
technologies with Applicant’s security device providing
different imagery to a viewer when the currency or product label
is moved or they move their head to a different viewing angle
whereas Raber’s system operates very rapidly over time to
change the focal length of the television or display system to
move the image between viewing planes (e.g., see the image
slices displayed in Raber’s Figure 1 to provide — in combination
over time — a 3D image of a cube).”

Ex. 1002, p. 421.

62. On April 2, 3018, the Examiner again issued a series of indefiniteness

rejections and prior art rejections based on Raber. Ex. 1002, p. 431-56.

63. On May 7, 2018, Applicant amended claims 5, 6, 41, 44-46, 54, 57, 58,

62, 64, while other claims remain, unamended. Ex. 1002, pp. 464-71. Applicant

again premised its response by distinguishing Raber as an electronics-based

invention, such as would require dynamic/variable components:

“From a review of the Response to Arguments and the other
portions of the final Office Action, Applicant believes that there
may be a misunderstanding regarding Applicant’s teaching and,
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hence, the pending claims. None of the cited references show
using a plurality of different micro mirrors (that are fixed in their
orientations) to create “voxels” — that are each used to display a
pixel of an image in a particular display plane.

Therefore, prior to turning to specific claim language, it may be
useful to discuss Applicant’s visual display assemblies in detail
(including explaining creation of “voxels”) and the variable
focus system of Raber, which differs significantly from
Applicant's visual display design.

Applicant teaches a visual display assembly that is
particularly well suited for use in security devices such as those
used in currency and upon product labels to provide a 3D image
to a viewer. In contrast, Raber’s variable focus system is a
complex electrical design that is useful in providing a 3D
television or similar device. These are very different
technologies with Applicant’s security device providing
different imagery to a viewer when the currency or product label
is moved or they move their head to a different viewing angle.
Raber’s system operates very rapidly over time to change the
focal length of the television or display system to move the image
between viewing planes ( e.g., see the image slices displayed in
Raber’s Figure 1 to provide - in combination over time — a 3D
image of a cube).”

64. On August 9, 2018, the Examiner issued prior art rejections in view of
US2010/0208036 (“Kaule”). Ex. 1002, pp. 506-31.

65. On August 21, 2018, Applicant amended claims 1, 41, 54, 62, while
keeping the other claim unamended. Ex. 1002, pp. 549-56. Applicant noted that
Kaule does not provide micromirrors, and in particular does not orient micromirrors
to have their light intersect at voxels. Ex. 1002, pp. 540-41. Instead, Kaule provides

lenses that focus light on layers on ink to make them more visible to the user. /d. .

2
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66. On November 19, 2018, Examiner allowed the claims. Ex. 1002, pp.
708-18. Examiner’s statement of reasons for allowance stated as follows:

“Claims 1 and 54 are allowable over the prior art of record for at
least the reason that even though the prior art discloses a visual
display assembly useful as a security element on paper and coin
currency, and product labels, comprising: a substrate; an on a
surface of the substrate, an array of micro mirrors receiving
ambient light and, in response, displaying an image in a plane
spaced a distance apart from the surface of the substrate, wherein
the image comprises a plurality of pixels and wherein the array
of micro mirrors includes for each of the pixels a different set of
the micro mirrors each having a reflective surface oriented, in a
fixed manner, the prior art fails to teach or reasonably suggest,
that a body of each of the micro mirrors rotated about at least one
of first and second rotation axes extending through the body, to
reflect the ambient light toward a point on the plane
corresponding to one of the pixels, wherein each of the different
sets concurrently reflect the ambient light to concurrently
generate the plurality of pixels, and wherein a voxel is created at
each of the points on the plane via intersection of two or more
beams of the reflected ambient light and wherein each of the
created voxels produces an effect of a point source of light
floating above the surface of the substrate in the plane, in
combination with the other limitations of claims 1 and 54.”

Ex. 1002, pp. 714-15 (emphasis in original).
67. However, as will be discussed throughout this declaration, these
elements were known in the art.

VII. LEVEL OF ORDINARY SKILL IN THE ART

68. In my opinion, a POSITA as of December 3, 2015, would have had an

undergraduate degree in mechanical or electrical engineering or physics and at least
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two years of experience in micro-optics design. The following factors support my
opinion.

69. First, the typical level of education for persons working in the field
would include an undergraduate degree in mechanical or electrical engineering or
physics. Micro-optic based security features are a combination of optical and
mechanical design elements. For example, I would expect a typical engineer who
works for a micro-optic design company to have an undergraduate degree in one of
these fields.

70.  Certain engineers will have more advanced degrees, such as a masters
or Ph.D. degree in a more-specialized area of optics or optoelectronics, but an
undergraduate degree in mechanical or electrical engineering or physics would be
the typical background and would provide engineers in the field with a baseline
knowledge of the optical and mechanical design principles underlying micro-optic
based security features. I also note that a student on track for a degree in mechanical
or electrical engineering or physics would have sufficient exposure to optics
principles to then work or conduct research in that area in academia or industry.

71.  Second, at least two years of experience in the field would be typical
for a person deemed to have ordinary skill in the technology underlying the ‘294

patent. This level of experience would provide an engineer with more specialized
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focus in optics and device structure. He or she would have been familiar with the
design principles and tradeoffs underlying the subject matter of the ‘294 patent.

72.  Third, the types of problems typically encountered in the field relate to
improving anti-counterfeit ability, image quality, cost, visual appeal, and mechanical
stability. An engineer with a mechanical or electrical or physics background and at
least two years of work experience with micro-optic based security features would
have been familiar with these problems and working on solutions to address them.
For example, a typical engineer at that level would be tasked with evaluating
different types of micro-optic based security features to decide whether they improve
accuracy and detection capability and are cost-effective. He or she would also be
tasked with evaluating different optics elements for the same reasons.

73.  Fourth, the proposed level of skill is consistent with the sophistication
of the technology claimed in the ‘294 Patent. The patent concerns micro-optic
design, including the use of certain micro mirrors and substrates. The level of
sophistication is such that an advanced degree or work experience beyond 2 years
would not be necessary to understand the technology and make informed design
decisions.

74.  For the above reasons, it is my opinion that the appropriate level of skill

in the art is an undergraduate degree in electrical engineering, mechanical
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engineering, or physics and at least two years of experience in micro-optic based
security features.

VIII. CLAIM CONSTRUCTION

75.  For purposes of this proceeding, I have applied the ordinary and
customary meaning of the claim terms as they would have been understood to a
POSITA at the time of the alleged invention of the ‘294 patent, and I have considered
that meaning in the context of the patent and its prosecution history.

76. I reserve the right to offer additional claim construction opinions in
other proceedings, including indefiniteness opinions that I understand are not at issue
in this proceeding. I also reserve the right to respond to any claim construction
positions put forward by Patent Owner.

IX. OVERVIEW OF THE PRIOR ART

77.  In this section, I provide an overview of the prior art references that |
have relied on to inform my opinions.

A.  German Patent No. DE102010048262 (“Fuhse262”) (Ex. 1006)

78.  Fuhse262 relates to a security element (for example on banknotes)
created from an array of optical reflective or refractive elements (such as
micromirrors) which create a two or three-dimensional motif consisting of multiple
components which “float at several different floating heights above or below the

surface region in order to form a three-dimensional motif.” Fuhse262, 40013-15.

31
Giesecke+Devrient GmbH,
Page 44 Giesecke+Devrient Currency Technology GmbH,
and Papierfabrik Louisenthal GmbH. - Ex. 1003



Declaration of Prof. Lambertus Hesselink, Ph.D.

79.  An image can also contain multiple two-dimensional images that are
“visible from the same or different viewing angles.” Fuhse262, §0118. Each image
is “only visible in a limited angle range.” Fuhse262, §0112.

80.  With respect to the optical elements, Fuhse262 recognizes that curved
mirrors and lenses may be broken down into arrays of smaller, flat micromirrors,
with the advantage of easier fabrication and calculation:

“[0086] In addition, when breaking down a convex mirror or a
curved lens into a plurality of micro-optical elements, the
surfaces of the micro-optical elements, which in principle are
also initially curved, can generally be replaced by flat surfaces
because of their small size. This replacement has no adverse
effects on the light-spot image produced, particularly if the
dimensions of the micro-optical elements are smaller than the
resolution of the viewing situation. The advantage 1s that micro-
optic elements with flat surfaces are easier to calculate and
produce. From this point of view, it may even be advisable to
break down convex mirrors or lenses into small micro-optical
elements with flat surfaces if nesting several groups of micro-
optical elements is not desired or necessary.”

Fuhse262, 40086.

81. Fuhse262 continues that curved mirrors may be replaced by “an
arrangement of n X n micromirrors.” Fuhse262, §0087. The micromirrors may, for
example, have “a flat mirror surface” with a “dimension of 50 um x 50 pm.”
Fuhse262, §0087.

82.  Figure 2 shows a simplified example with three image points produced

by three mirrors, but in practice “a security element 20 will typically have a large
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number, for example a few tens, a few hundred or even several thousand, refractive

and/or reflective optical elements 24.” Fuhse262, 40056.

v, 3¢ o & ,
= ”::r" e
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Fuhse262, FIG. 2

83.  Figure 2 shows concave mirrors 24 on the surface of substrate 22 that
reflect light from distant light source 34 to “produce the specified image points as
light spots 32.” Fuhse262, 40056-57. The “light spots 32 represent real images of
the light source, as indicated by geometric beam path 36 in the left part of the image
in Fig. 2.” Id.

84. With respect to Figures 8-10 and associated teachings, Fuhse262
teaches that the “curved concave mirror” of Figure 2 may be “broken down into” a

number of flat micromirrors in order to obtain “higher resolution” images, and

33 Giesecke+Devrient GmbH,

Page 46 Giesecke+Devrient Currency Technology GmbH,
and Papierfabrik Louisenthal GmbH. - Ex. 1003



Declaration of Prof. Lambertus Hesselink, Ph.D.

because “flat surfaces are easier to calculate and produce.” Fuhse262, 9, 0048,

0083, 0086. Examples of flat micromirrors are shown in Figures 8(a)-8(d).

A00 A0k A

Fuhse262, §90087-90.

85.  The flat micromirrors may be an array of “n x n micromirrors’ that each
have “a flat mirror surface” with a “dimension of 50 um x 50 um.” Fuhse262, §0087.
Further, a plurality of micromirrors may be “assigned to every light spot of the light-

spot image,” as shown in Figure 9 below.
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86.  As Fuhse262 explains, “not only one optical element, but a plurality of
optical elements is assigned to every light spot of the light-spot image.” Fuhse262,

0019. This is shown in Figure 9:

()

)

Fuhse262, FIG. 9

87. Fuhse262 describes an exemplary method for producing its images:

“—a desired three-dimensional motif having image points Pj and height values
Zj above an xy plane is specified, the image points corresponding to the light
spots created upon illumination,
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— for every image point Pj, a brightness Ij between 0% and 100% is defined,

— there are assigned to the image points Pj aperture cones that have an aperture
ratio > 0.2,

— for every image point Pj, a sphere of influence Ej is determined by an
intersection of the aperture cone originating from the image point with the x-

y plane,

— the x-y plane is divided into a number of coarse fields, and the coarse fields
are each divided into a number of fine fields,

— for every image point Pj, based on the defined height value Zj and the
defined brightness value Ij, a number of fine fields to be filled in is
determined,
— the fine fields to be filled in determined for the image point Pj are distributed
substantially evenly across the coarse fields in the sphere of influence Ej of
the image point Pj, and
— the fine fields to be filled in are covered with refractive and/or reflective
optical elements that, upon illumination of the depiction element, contribute
to producing the light spot that corresponds to image point Pj.”
Fuhse262, 50036.
88.  This method is described in further detail at §90125-31.
89.  Fuhse262 describes an exemplary method for producing its images that
in part includes defining the image points for the image, defining a cone for each
image point such that a “sphere of influence” is defined on the substrate plane for

assigning micromirrors to that image point. Fuhse262, 990036, 0125-31.

Fuhse262’s Figure 10 and associated descriptions further teach how to orient each
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micromirror in the array such that it reflects light to its assigned light spot.

Fuhse262, 90096-99.

90. Fuhse262 teaches that the orientation of each mirror within the array
necessary to form the required images can be calculated as follows:

“[0096] For the calculation, (xo, Yo, Zo) denotes the position of
light spot 110 to be produced with zo > 0, (x, y, 0) denotes the
position of the mirror element to be calculated. 7 is the normal
vector of the mirror at position (X, y, 0), k is the direction vector
of the incident light ray and p is the direction vector of the
reflected light ray.

[0097] The position of the mirror surfaces, i.e. the normal vector
n, is to be determined in such a way that the light incident from
a specified direction k ~ is reflected onto the focal point (x0, y0,
z0) for all micromirrors 102 assigned to light spot 110.

According to the invention, this is achieved by

P _k
A |k oo X
A=, P=|Ye-Y| . 13 = V¢, ~ %) +(y, —y) +2,’
p il L
Bl |k

[0098] If the light source 120 is at the position (xL, yL, zL), then

X, — X
o=y

k B zZ,

1 = 77 E— .

'k| '\{(XL _K)z +(3’1. —3’)2 +2L2
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[0099] If the micromirror group 102 is designed for vertical
incidence of light, then

|

0
=| 0 ,
-1

resulting in the normal vector 1

Xo — X
P k Vo—¥

AN 204

5 OE| lxo-x) +(yo-y) +{z+y ) |

7 [

=|
J

wherein the abbreviation

V=l =x) +(o-v) +2,

was used.”

Fuhse262, 90096-99.
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91. The images may be any arbitrary three-dimensional image, including
any two-dimensional image “that floats at a certain height above or below the
substrate surface.” Fuhse262, 490068, 0054-56.

92. Itis possible to create darker areas in the image using “mirrors that are
oriented in such a way that spatial regions that do not contain any light sources are
reflected.” Fuhse262, 4 0108.

93.  Fuhse262 also describes a “further development of the invention”
regarding providing different images to the viewer when viewed at different angles
(see 90111-15) and describes a “preferred procedure” to produce the structures of
these combined teachings. Fuhse262, 90125-28, 0036.

94. In the combined teachings of FIG. 2 and FIGs. 8-10, Fuhse262 teaches
a substrate and ambient light source (as described in FIG. 2), as well as arrays of
micromirrors that include assignments of sets of micromirrors to light spots that form
light spot images.

B.  U.S. Patent No. 10,639,925 (“Fuhse925”) (Ex. 1008)

95. Fuhse’925 relates to an optical security element that shows different
images (such as characters, numbers or shapes, referred to as curves in the patent) at
different viewing/tilt angles, that “float alternatingly a few millimeters above or

below the plane of the security thread.” Fuhse925, Abstract, 6:67-7:1.
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96. These images are created using an array of micro mirrors orientated at
different inclination angles on a substrate. Fuhse925, Abstract, 6:67-7:1.

C. U.S. Pat. App. Pub. No. 2014/0367957 (“Jordan”)(Ex. 1009)

97. Jordan teaches methods of using arrays of reflective microstructures
that produce images “as a security and anti-counterfeiting feature to identify and
distinguish authentic products from counterfeit products,” such as “banknotes” or
“coinage,” as well as “product marking and labeling” and “packaging.” Jordan,
Abstract, 410013, 0002-04, 0113-14, 0124-25, 0153-54, 0159, 0174-77.

D. U.S. Pat. App. Pub. No. 2013/0093172 (“Fuhsel172”)(EX1035)

98.  Fuhsel72 discloses that in order “to apply a color-shifting coating, in
particular a thin-film system, to the facets,” the thin-film system can be dielectric
layers. Fuhsel172, 990118, 0027-29. For example, ZnS, SiO2, and Ti02/MgF2
dielectric materials may be used.

99.  Fuhsel72 further discloses that in addition to only dielectric layers, a
combination of dielectric layers and metal layers may also be used. Fuhsel72,
190027-29 (“There can be realized here e.g. a layer sequence of metal layer—
dielectric layer—metal layer or a layer sequence of three dielectric layers...).

X. INVALIDITY ANALYSIS

A. Ground 1: Fuhse262 Renders Obvious Claims 1, 6-13, 28, 32-33,
and 35-38

40
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100. In my opinion, the combined teachings of Fuhse262 render obvious
claims 1, 6-13, 28, 32-33, and 35-38 of the 294 patent.

1. Combined Teachings of Fuhse262
a) Motivation to Combine

101. Fuhse262 describes an invention of “a depiction” element. Fuhse262,
140001, 0010-11, Abstract. This invention is described by several Figures and
accompanying descriptions that are relied on in this declaration, including Figures
1-2, 8(a)-(d), and 9-10.

102. To the extent that these descriptions represent different embodiments
for purposes of obviousness, in my opinion, it would have been obvious to combine
them.

103. Fuhse262 provides express motivation and direction to combine the
features of its embodiments. Figure 2 of Fuhse262 shows various aspects and
elements “[t]o explain the principle of the invention.” Fuhse262, §90056-60.
Figures 8(a)-(d) build on Figure 2 by replacing the “curved concave mirror” of
Figure 2 by using micromirrors. Fuhse262 90048 (“Fig. 8 shows in (a) to (d) four
exemplary embodiments in which a curved concave mirror is broken down into
micro-optical elements with a square base and a flat mirror surface”). Fuhse262
explicitly refers back to the “previous exemplary embodiments” in building on those

teachings. Fuhse262, 90083, 0087. Also, the Figures 8(a)-8(d) show different
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variations of the same teachings, such as different numbers of groupings of
miCcromirrors.

104. Fuhse262 provides explicit motivation to replace the curved mirrors of
Figure 2 with flat micromirrors, including that “higher resolution” is obtained and
that “flat surfaces are easier to calculate and produce.” Fuhse262, 440083.

105. Likewise, Figure 9 builds on the teachings of Figures 8(a)-8(d) by
illustrating them “in a sectional view” and providing further explanation. Fuhse262,
190091-94, 0049. Finally, Figure 10 builds on the teachings of Figures 8(a)-8(d) and
9 by describing how to calculate the orientation of the surfaces of the micromirrors.
Fuhse262, 490095-101, 0050 (“Fig. 10 illustrates the calculation of the flat mirror
surfaces of the micromirrors of Figs. 8 and 9”). Fuhse262 also describes a “further
development of the invention” regarding providing different images to the viewer
when viewed at different angles (see f0111-15) and describes a “preferred
procedure” to produce the structures of these combined teachings. Fuhse262,
190125-28, 0036.

b)  Reasonable Expectation of Success

106. In my opinion, there would have been a reasonable expectation of
success combining the embodiments of Fuhse262.
107. AsaPOSITA would have recognized, the teachings of Fuhse262 relied

on in this Ground (discussed in the Motivation) represent different aspects of the
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purported invention that all operate on the same principle, and work to disclose
different aspects that rely on the same principles. The aspects of the Figure 2
disclosures relied on — such as the substrate and ambient light (see Ground 1,
elements [1a] and [1b.1] — would operate on the same principles, serve the same
purpose, and maintain the same relevant characteristics when applied to the array of
micromirrors of Figure 8-10. Fuhse262 teaches to “replace[]” the curved mirrors of
Figure 2 with the plurality of flat micromirrors 100 (see Fuhse262, 490083-86), and
a POSITA would have reasonably been able to adapt those teachings regarding
Figure 2 to flat micromirrors.

108. Likewise, the different specific implementations, such as possible
arrays sizes of 100 micromirrors (see §0087) or 288 micromirrors (see Y0090-92),
would have been routinely and predictably implemented by a POSITA.

109. The art was relatively predictable in the relevant timeframe (2015). /d.
The predictable nature of the combination is confirmed by evidence showing that
the operation of micromirror arrays—and their application to security elements—
was well-understood at the time of the alleged priority date. Given that micromirror
arrays of the type contemplated in the *294 Patent were textbook knowledge at the
time of the alleged invention, a POSITA would have no difficulty combining

embodiments of Fuhse262.
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110. Thus, a POSITA would have been able to implement the obviousness
modifications in this ground without difficulty and with a reasonable expectation of
success. Id.

2. Application to the Challenged Claims

111. In my opinion, Fuhse262 teaches the limitations of claims 1, 28, and
35. The mapping below provides my analysis on a limitation-by-limitation basis,
with relevant citations to the teachings of Fuhse262.

a) Claim 1

112. In my opinion, Fuhse262 teaches claim 1, as detailed below.
i. Claim 1, Element [1Pre]: A visual display

assembly useful as a security element on paper and
coin currency, and product labels, comprising:

113. In my opinion, the preamble simply states what the claim is useful as.
In fact, the preamble explicitly purports to describe what the preamble is “useful as.”

114. Also, none of the terms in the preamble are later provided in the claim
body, so the preamble does not complete the structure of the claim body.

115. In my opinion, to the extent the preamble is limiting, Fuhse262 teaches
the preamble. Fuhse262, 990008-12, 0037, FIG. 1.

116. Fuhse262’s invention relates to “a depiction element” ([a] visual
display assembly) “[f]or security applications” and with “an attractive visual
appearance.” Fuhse262, 10008-12. The depiction element is useful as a security

element for a “data carrier” and “[t]he data carrier can in particular be a value
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document,” such as a “paper banknote” (paper... currency). Fuhse262, 40037, FIG.
1.

117. Coin currency and product labels are also “data carriers” because they
carry data related to the currency or product.

118. Based on Fuhse262’s teachings that the depiction element would be
useful for data carriers such as currency, a POSITA would have found it obvious to
recognize that the depiction element would be useful for coin currency and product
labels.

119. Asdiscussed in Grounds 3-4, it was known in the art to apply depiction
elements to coin currency and product labels. EX1009, Jordan, Abstract, 440013,
0002-04, 0113-14, 0124-25, 0154, 0159, 0174-77.

120. For example, optical depiction elements were included on the surface
of Australian coins by 2001. Ex. 1030, p. 6 (citing Exs. 1031-32); Ex. 1031, p. 2;
Ex. 1032, p. 1032, pp. 1-2.

ii. Claim 1, Element [1a]: a substrate; and

121. In my opinion, Fuhse262 teaches element [1a]. Fuhse262, Abstract,

990001, 0010, 0035, 0056-65, 0110.
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122. Fuhse262 discloses “a substrate” (a substrate), such as substrate 22,
shown annotated in blue in the below reproduction of Figure 2. Fuhse262, Abstract,

990001, 0010, 0035, 0056-65, 0110.

A0

he 2,

123. The surface of the substrate defines a “xy planj” or “substrate plane.”
Fuhse262, 990126-27, 0110. In Fuhse262’s coordinate system, this surface
corresponds to z=0. Fuhse262, 490110, 0126.

124. Accordingly, Fuhse262 teaches the element [1.a].

iii. Claim 1, Element [1b.1]: on a surface of the

substrate, an array of micro mirrors receiving
ambient light and,

125. In my opinion, Fuhse262 teaches element [1b.1]. Fuhse262, Abstract,
0001, 0010, 0013, 0022, 0029-30, 0035, 0054, 0056-65, 0082-83, 0087-95, 0110,
cls. 1, 24. Fuhse262 teaches an arrangement of n X n micromirrors (an array of
micro mirrors) on “a surface region” of the substrate that receive ambient light

(e.g., sunlight).
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126. Fuhse262’s substrate has “a surface region” (on a surface of the
substrate) “in which a plurality of optical elements are arranged.” See Fuhse262,
Abstract, 490010, 0001, 0035, 0056-65, 0110. The optical elements may be
“plurality of micromirrors” (an array of micro mirrors) “distributed over a certain
surface region of substrate 22” (on a surface of the substrate). Fuhse262, 490060,
0013, 0022, 0030, 0083, 0087-95.

127. The surface of the substrate defines a “x-y plane” or “substrate plane.”
Fuhse262, 990126-27, 0110. In Fuhse262’s coordinate system, this surface
corresponds to z=0. Fuhse262, 90110, 0126.

128. Figure 8, including Figures 8(a)-8(d), and supporting disclosure
provides further detail of the array of micro mirrors in the form of “an arrangement
of n x n micromirrors 100, which are arranged next to one another without any
distance between them in the surface of the security element.” Fuhse262, 990060,
0013, 0022, 0030, 0083, 0087-95 (describing a “checkerboard-like arrangement”).
Specifically, the curved mirrors of Figure 2 are “replaced by” the plurality of flat
micromirrors 100 because they are “easier to calculate and produce.” Fuhse262,

940083-86. This ordered arrangement of micromirrors 100 is an array.
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129. The micromirrors shown in Figure 8 receiv[e] ambient light because
they are “illuminated” in the same manner as the lenses and mirrors described in
Fuhse262. Fuhse262, 990082-83, 0091. Fuhse262 discloses that the illumination is
with ambient light such as “sunlight or a ceiling lamp.” Fuhse262, 90054. For
example, Fuhse262 discloses illumination by “distant light source 34,” depicted in

Figure 2 as sunlight:
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{20 = ’ Y \‘

W st PO

Fuhse262, FIG. 2 (annotated)

Fuhse262, q90057-58, 0061, see also 40029 (distinguishing “normal illumination”
“visible to the naked eye” with “directed illumination with laser light”).
130. As I discussed in the Technology Background, sunlight and light from
a ceiling lamp are ambient because they are understood to generally illuminate
space. See, supra, Section V.3. Fuhse262 distinguishes “normal illumination”
“visible to the naked eye” (i.e., ambient light) with “directed illumination with laser
light.” Fuhse262, 90029.
131. Fuhse262 therefore teaches element [1b.1].
iv. Claim 1, Element [1b.2]: in response, displaying
an image in a plane spaced a distance apart from

the surface of the substrate, wherein the image
comprises a plurality of pixels and
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132. In my opinion, Fuhse262 teaches element [1b.2]. Fuhse262, §90010-
12, 0015, 0035-36, 0049, 0054-56, 0068, 0083-84, 0091-92, 0126-28. Fuhse262
teaches that in response to illumination, a light-spot image (displaying an image
which comprises a plurality of pixels) is produced that floats (with all light spots
of the light spot image at the “same floating height”, meaning they are in a plane).
That image in the plane is above the surface region of the substrate (a distance apart
from the surface of the substrate).

133. The image is in a plane. First, Fuhse262 states that the image may be
two-dimensional, and a POSITA would understand that a floating two-dimensional
image in space defines that it is in a plane based on Fuhse262’s teaching. Fuhse262
teaches that all the light spots may be at the “same floating height” or a “a certain
height above or below the substrate surface.” Second, Fuhse262 teaches that
arbitrary three-dimensional images may be produced. A POSITA would understand
that planed images are within this teaching because a two-dimensional plane is a
three-dimensional space with one dimension fixed. For example, when the height
(z-dimension) is fixed for an image, the image is defined in the x-y plane at that
height zo (where zo denotes the distance from the plane in the z-direction).

134. Fuhse262 teaches that “upon illumination” (in response) “to produce...
a light-spot image composed of a plurality of light spots,” (displaying an image...

wherein the image comprises a plurality of pixels) “that for a viewer appear
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floating above or below the surface region” (in a plane spaced a distance apart
from the surface of the substrate). Fuhse262, 990010-12, 0015, 0035-36, 0054-
56, 0083-84, 0126-28.

135. The production of a light-spot image composed of a plurality of light
spots is in response to the illumination. The micromirrors are passive components
that produce the light-spot image by reflecting the incident illumination in a pre-
determined manner. In other words, the micromirrors produce the light-spot image
when there is incident illumination to reflect, and do not produce the light spot image
when there is no incident illumination to reflect.

136. The plurality of light spots (a plurality of pixels) are the units that form
the light-spot image (the image). A POSITA would know that overlapping beams
reflected by the micromirrors create the light spots. These light spots make up the
pixels (picture elements) of the displayed image. This is also how the 294 patent
describes “pixels.” For example, with respect to FIG. 2, the 294 patent describes
that pixels 243 are what makes up the image 242:

“To this end, a first number of the micro mirrors 224 may be
configured to provide sets of pixel-providing micro mirrors that
reflect ambient light as shown with arrows 230 to “write” or
display a first displayed image 242 made up of a plurality of

pixels 243 (with each of these pixels 243 associated with one of
the sets of pixel-providing micro mirrors 224).”

’294 patent, 7:37-43 (emphasis added).

51
Giesecke+Devrient GmbH,
Page 64 Giesecke+Devrient Currency Technology GmbH,
and Papierfabrik Louisenthal GmbH. - Ex. 1003



Declaration of Prof. Lambertus Hesselink, Ph.D.

VIEWER
2ND DISPLAYED ,Q;_ 202 pixeLS 200
IMAGE 262 \\ 263 o~
= e 2ND IMAGE DISPLAY PLANE

¥ 1STDISPLAYED 7/ / ” kz\&a
IMAGE 242 ==,
=z /| o OFFSET  1STIVAGE DISPLAY PLANE

==
//%250 ;0

212

FIG.2 210

’294 patent, FIG. 2

137. Fuhse262 teaches that while “a truly three-dimensional” image can be
formed by using light spots (pixels) of “different floating heights above and/or below
the substrate surface,” alternatively, “all light spots [a plurality of pixels] in the
light-spot image [may] have the same floating height,” (forming a plane spaced a
distance apart from the surface of the substrate) which provides a two-
dimensional image “that floats at a certain height above or below the substrate
surface.” Fuhse262, 90068.

138. Fuhse262 teaches that any arbitrary “desired three-dimensional motif
having image points P; and height values Z; above an xy plane” may be “specified,”

meaning that providing image points P; of all the same height values Z; above the
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surface of the substrate results in displaying an image in a plane spaced a distance
apart from the surface of the substrate. Fuhse262, 490036, 0125-28, cl. 25.
Fuhse262 interchangeably refers to image point P; (pixel) and its corresponding light
spot as “pixel P;.” Fuhse262, 490126, 0128. The “xy plane” is understood to be the
surface of the substrate because it is the plane that is divided into fields that are
“covered with” the optical elements (micromirrors) which are on a surface of the
substrate, as required by element [1.b1] (see element [1.b1]). Fuhse262, 490036,
0125-28.

139. A two-dimensional image in a plane is simply a three-dimensional
image with a small or zero thickness. For example, the surface of the substrate
defines a “xy plane” with z=0. Fuhse262, 990126-27, 0110. By teaching any
arbitrary three-dimensional image in space (i.e., X, y, z space) can be constructed of
light points, it is obvious that a two-dimensional image can be constructed by simply
fixing the height (z) values of the pixels, provided the x-y plane is the plane of the
surface of the substrate.

140. While providing a two-dimensional image in a plane is obvious based
on teaching an arbitrary three-dimensional image, Fuhse262 explicitly teaches that a
two-dimensional image may be formed by fixing the height (z) values of the pixels:

“[0068] If the convex mirrors of a security element have several

different focal lengths, i.e. if the light spots of the light-spot image have

several different floating heights above and/or below the substrate
surface, a truly three-dimensional motif is created. In some

53
Giesecke+Devrient GmbH,
Page 66 Giesecke+Devrient Currency Technology GmbH,
and Papierfabrik Louisenthal GmbH. - Ex. 1003



Declaration of Prof. Lambertus Hesselink, Ph.D.

configurations, however, it may also be advisable to design all convex
mirrors with the same focal length, so that all light spots in the light-
spot image have the same floating height. In this way, a backdrop
motif is created that floats at a certain height above or below the
substrate surface.”
Fuhse262, 990068, 0015 (emphasis added). In fact, Fuhse262 refers to the resulting
image as “a two-dimensional motif,” such as “a font or a logo.” Fuhse262, 990015,
0027, 0117.
141. For the given fixed height of the two-dimensional motif (for example,
z = 71), the image is in a plane defined by (x, y, z1).

142. For example, Figure 9(b) shows “two closely adjacent light spots™ 110

and 112 (two pixels) formed at the same height:

Fuhse262, FIG. 9(b)

Fuhse262, 990049, 0091-92.
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143. Fuhse262 therefore teaches element [1b.2].
v. Claim 1, Element [1b.3]: wherein the array of
micro mirrors includes for each of the pixels a
different set of the micro mirrors each having a
reflective surface oriented, in a fixed manner
with a body of each of the micro mirrors rotated
about at least one of first and second rotation
axes extending through the body, to reflect the

ambient light toward a point on the plane
corresponding to one of the pixels,

144. In my opinion, Fuhse262 teaches element [1b.3]. Fuhse262, 90010-
11, 0013, 0019-20, 0036, 0060, 0084, 0088, 0091-92, 0095-0101, FIGs. 8b, 9b, and
10. Fuhse262 describes an assignment system to assign micromirrors to light spots
(pixels) in which each pixel is assigned a “group” of micromirrors, such that each
micromirror is assigned to at most one pixel. Figure 10 and its descriptions teach
how to properly orient each micromirror to reflect light to its assigned pixel. The
micromirrors are fixed in the xy-plane (i.e., the substrate surface plane), and each
of the x and y axes are rotation axes by which the bodies of the micromirrors are
oriented to properly reflect light to the assigned pixel.

145. Fuhse262 discloses that the array of micro mirrors includes for each
of the pixels a different set of the micro mirrors. Fuhse262, 490019-20, 0036,
0084, 0088, 0091-92. Fuhse262 explains that “a plurality of optical elements is
assigned to every light spot” (for each of the pixels a different set of the micro

99 ¢¢

mirrors), such that “groups of optical elements” “are each assigned to different light
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spots.” Fuhse262, 90019-20 (emphasis added). Fuhse262 does so by defining “a
number of fine fields” “for every image point P;,” (each of the pixels), and providing
that the optical elements in those fine fields (a different set of the micro mirrors)
“contribute to producing the light spot that corresponds to image point P;.”
Fuhse262, 990036, 0126-28, cl. 25.

146. In the example of FIG. 8b, (shaded) micromirrors 102 form a set of
micro mirrors, and (white) “fields 104 [] covered with micromirrors 106” form a
second set of micro mirrors, and the sets are different because they comprise
different micromirrors.  Fuhse262, 490091-92. In other words, each micromirror
is assigned to a single light spot. No micromirrors are shared with multiple light
spots. Thus, the set of micromirrors for each light spot contains a unique set of
Mmicromirrors.

147. As shown in Figure 9(b), “[m]icromirrors 102 form a group of
micromirrors, which are all assigned to the same light spot 110 and produce it
together when illuminated,” while micromirrors 106 “serve to produce a light spot
112,” meaning a different set of the micro mirrors is assigned for each of the
pixels. /d. Fuhse262 states that in the “[t]he number nxn of micromirrors is, for
example, 10%10,” (totaling 100) meaning that in FIG. 8(b), each set of micro

mirrors would have 50 micromirrors. Fuhse262, §0087.
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Fuhse262, FIGs. 8(b) and 9(b)

148. Fuhse262 discloses that the micro mirrors each having a reflective
surface oriented... to reflect the ambient light toward a point on the plane
corresponding to one of the pixels. Fuhse262, 9 . Fuhse262 discloses that its
micromirrors may be “purely reflective.” Fuhse262, 990013, 0010-11, 0036, 0060.
In particular, Fuhse262 discloses that “the flat mirror surfaces of the micromirrors”
“reflect[]” incident light (the micro mirrors each having a reflective surface).
Fuhse262, 990095-97. For each of the pixels, the micromirror surfaces reflect
incident light (reflect the ambient light), such as light source 120, towards the
point (Xo, Yo, Zo), which “denotes the position of light spot 110” (a point on the plane
corresponding to one of the pixels). Fuhse262, 490095-97.

149. Fuhse262 discloses that such orientation is in a fixed manner with a

body of each of the micro mirrors rotated about at least one of first and second
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rotation axes extending through the body. Fuhse262, 40095-0101. As an initial
matter, Fuhse262’s orientation of all its mirrors is in a fixed manner because each
one has one permanent orientation (normal vector 71, as discussed below is fixed).
Micromirrors for security elements on, for example, currency, are generally
manufactured with a particular orientation to produce a particular image, and
generally are not variably controlled.

150. Fuhse262 further teaches that its micromirrors are produced by
embossing a lacquer layer and providing a metallized coating on top to increase
reflectivity. Fuhse262, 9932-33. The structure of the micromirrors (including the
orientation of the mirrored surface) would be fixed upon embossing and
metallization.

151. Fuhse262 refers to “a display device with a control device” to display
different images “very quickly” “depending on the control,” such that “[t]he display
device can [] be used as a 3D display for a wide variety of applications.” Fuhse262,
938. The “wide variety of applications” are separate, additional applications to
provide a 3-D display for electronics, not the applications discussed in this
declaration (e.g., micromirror arrays for banknotes, etc.). An electronically
controlled display to provide a “continuous sequence of images” would not be

suitable for Fuhse262’s micromirror arrays for banknotes.
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152. The term “fixed manner” was added to the claim during prosecution to
distinguish Raber, which is in the electronic arts and discloses using variable focal
length to “sequentially display a slice of an image on differing image planes.” *294
FH, pp. 464/765, 479-80 (“Applicant’s invention that involves orienting sets of
micro mirrors in a fixed manner (i.e., a part of mirror fabrication)”).

153. Fuhse262 discloses how to calculate orientations of its flat micromirror
surfaces with respect to Figure 10 and corresponding disclosures. /d. In particular,
Fuhse262 explains that “[t]he position of the mirror surfaces, i.e. the normal vector
n, is to be determined in such a way that the light incident from a specified direction
k 1s reflected onto the focal point (xo, yo, zo) for all micromirrors 102 assigned to
light spot 110,” the following equations are used to define the normal vector n,

incident light k, and reflected light ray p:

P _k
“3| % X —X
= '_‘l P=lve-y| o [Bl= G =%+ (e ) +2,]
p___k_ Zy
17 iﬂ‘

Fuhse262, 990095-97. These vectors are shown in Figure 10.

154. The x and y axes are first and second rotation axes, such that a body
of each of the micro mirrors rotated about at least one of first and second
rotation axes extending through the body in order to align the normal vector n of

the micromirrors such that reflected light ray p is directed towards the point (x0, yO0,
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70) corresponding to one of the pixels. In the 294 Patent, the first and second
rotation axes are likewise the x and y axes. See ’294 Patent, FIG. 1 (“1ST
ROTATION AXIS (Y-AXIS)” and “2ND ROTATION AXIS (X-AXIS)).”

155. As shown in annotated Figure 10 below, a body of each of the micro
mirrors has been rotated about at least one of first and second rotation axes
extending through the body. Assuming the axes shown in annotated Figure 10
below, with the x axis extending along the horizontal, the z axis extending along the
vertical, and the y axis extending perpendicular to the page, the below micromirrors
have been rotated about y rotation axis, which extend[s] through the y - length of

the micromirror body.

5 vl
Z-axX1S

LY

ROt A0

Fj {0  X-axis

60
Giesecke+Devrient GmbH,
Page 73 Giesecke+Devrient Currency Technology GmbH,
and Papierfabrik Louisenthal GmbH. - Ex. 1003



Declaration of Prof. Lambertus Hesselink, Ph.D.

156. TIhave further annotated FIG. 10 below show the rotation of each mirror
about the y rotation axis. As can be seen, each mirror has been rotated be a particular

angle (i.e., 01, 02, 03) in order to reflect light to the coordinates of light spot 110.

157. Fuhse262 therefore renders obvious element [1b.3].
vi. Claim 1, Element [1b.4]: wherein each of the
different sets concurrently reflect the ambient

light to concurrently generate the plurality of
pixels,

158. In my opinion, Fuhse262 teaches element [1b.4].

159. Fuhse262’s array of micro mirrors receiving ambient light is an
array of micromirrors arranged on a banknote, for example, that receive the same
ambient light that is the same for all micromirrors (e.g., sunlight in FIGs. 2, 10). See
element [1.b1].

160. Fuhse262 relies on ambient light that is incident on all micromirrors,
not focused light that is only incident on particular micromirrors at a given time. See
Section (Technology Background), V.3. The *294 patent also discusses that certain

mirrors are aimed at the same point in space to create the image pixels (see 294
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patent, 2:37-47). In other words, all the micromirrors in Fuhse262’s depiction
element receive ambient light concurrently.

161. Likewise, Fuhse262’s micromirrors reflect light concurrently.
Fuhse262’s micromirrors are passive reflectors, such that each of the different sets
concurrently reflect the ambient light to concurrently generate the plurality of
pixels whenever incident light is incident upon them. Accordingly, the ambient light
is incident on the array of micromirrors, and thus each of the different sets will
concurrently reflect the ambient light in the manner discussed in element [1.b3].
See element [1.b3].

162. Further, each of the different sets concurrently generate the plurality
of pixels in the manner discussed in element [1.b3]. See element [1.b3]. As
discussed in element [1.b3], the micromirrors in each set have a reflective surface
oriented, in a fixed manner ... to reflect the ambient light toward a point on the
plane corresponding to one of the pixels. Because the micromirrors concurrently
reflect the ambient light, and are properly oriented in a fixed position, the
micromirrors concurrently reflect light to their respective pixels to concurrently
generate them. Thus, as long as the micromirrors are properly oriented or aimed to
generate their respective pixels, the incidence of ambient light will generate

concurrent reflections, which will concurrently generate the plurality of pixels.
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163. It should be noted that the °294 patent does not use the term
“concurrent” (or “simultaneous” or similar terms), and does not even discuss the
concept of concurrent operation of sets of micromirrors.> This claim limitation was
added in response to a non-final rejection based on a reference (U.S. Pat. App. Publ.
No. 2005/0057812 (“Raber”)) in the electronic arts that was “useful in providing a
3D television” and used optical elements that displayed images “in succession with
one another.” FH, 420-22, 411. As Patent Owner stated, that electronic device was
“very different technologies” compared with a currency security device. /d.

164. In passive micro-optic security elements such as Fuhse262, concurrent
reflection and generation of pixels is trivially met by any array of passive
micromirrors that operate based on reflecting ambient light.

165. Fuhse262 therefore teaches element [1b.4].

vii. Claim 1, Element [1b.5]: and wherein a
voxel is created at each of the points on the plane

2 Any argument that “angular offset viewing” (see 294 patent, 5:24-34) doesn’t
satisfy this limitation should be rejected because that involves whether an image is
visible to a viewer from a certain angle, not whether the micromirrors are reflecting
ambient light. Even in that case, ambient light would still be reflected by the
micromirrors to create all the images, regardless of whether or not there is a viewer

to view them.
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via intersection of two or more beams of the
reflected ambient light and

166. Fuhse262 teaches element [1b.5]. Fuhse262, 440095-97, FIG. 9-10.

167. The ’294 patent does not use the term “voxel.” Like element [1.b4],
Patent Owner added element [1.b5] during prosecution in response to the Examiner’s
rejection based on Raber. Ex. 1002 p. 411. As Applicant explained in its response,
Raber teaches to “sequentially display 2D images onto differing image planes to
provide 3D” television images. FH p. 423. Applicant’s discussion appears to treat
“voxels” as synonymous with “pixels,” referring numerous times to “voxels/pixels”
in its response. See FH pp. 421-22.

168. While *294 patent does not use the term “voxel,” voxels generally have
a volume. This understanding agrees with what Fuhse262 teaches.

169. As discussed with respect to element [1.b3], for each of the pixels, a
light spot at point (Xo, Yo, Zo) is a point on the plane corresponding to one of the
pixels. Fuhse262, 990095-97. In other words, each light spot is defined in three-
dimensional space (i.e., X, y, z coordinates), which is the center-point of a voxel is
created at each of the points on the plane. /d.

170. For example, with respect to light spot 110 shown in Figure 10, the rays
shown are chief rays that depict the center rays of light for each optical element,
which is very common in micro-optic design. See Section V.B.2. Ambient light
reflects from the entire surface of the mirrors and forms reflected beams of light, not
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just the rays aimed at the center point, as [ have depicted below with respect to Figure

10:

~ A0

5. 40

Fuhse262, FIG. 10 (annotated)

171. As can be seen above, the volume of the voxel is set by the
superposition of the beams from each micromirror in the set, with the center of the
voxel being the coordinates of the point (Xo, yo, zo) where all the chief rays intersect.
As more micromirrors are added to the set for a given pixel, the pixel becomes
brighter and more defined.

172. The beam size reflected from each mirror depends on the size of the

mirror, so the size of the voxel ultimately depends on the size of the mirrors and the
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number of mirrors in the set. See Ex. 1029, p. 359 (discussing the resolution of

micromirror based devices is determined by the dimensions of the micromirrors).

173. As shown in Figures 9-10, Fuhse262 creates a voxel via intersection of
two or more beams of the reflected ambient light. As discussed for element [1.b3],
the reflected ambient light for each micromirror is given by “reflected light ray” of
direction vector p, as shown in Figure 10, which is the chief ray for each mirror.

The three reflected beams in Figure 10 are reproduced below:

._\6’— ™~ A‘ZU

I"\

5. 40

Fuhse262, FIG. 10 (annotated)

Fuhse262, 440095-97.
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174. Each “reflected light ray” (i.e., the chief ray in each image) represents
the center of each beam|[] of the reflected ambient light. Because each pixel is
required to be formed with a “set of micro mirrors” (as required by [1.b3]), the voxel
would include two or more beams. As shown in Figures 9-10, each point (Xo, yo,
Zo) (a point on the plane corresponding to one of the pixels) is the center-point of
each voxel.

175. Fuhse262 therefore teaches element [1b.5].

viii. Claim 1, Element [1b.6]: wherein each of
the created voxels produces an effect of a point

source of light floating above the surface of the
substrate in the plane.

176. In my opinion, Fuhse262 teaches element [1b.6]. Fuhse262, 90010-
11,0015, 0035-36, 0058-59, 0063-69, 0083, 0089, 0126, cls. 1, 25.

177. Fuhse262 teaches that its “light-spot image composed of a plurality of
light spots™ (each of the created voxels) “for a viewer appear floating above... the
surface region” in the form of a specified motif (produces an effect of a point
source of light floating above the surface of the substrate in the plane).
Fuhse262, 990010-11, 0015, 0035, 0058-59, 0063-69, 0083, 0089, cl. 1. The image
in the plane “floats at a certain height above... the substrate surface” because “all
light spots in the light-spot image have the same floating height.” Fuhse262, 490068.

178. Reflected light rays do not terminate at the light spot, but continue
unchanged in their ray path, as illustrated below in annotated Figure 10 below. It is
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a fundamental principle of ray optics that a light ray will continue in its path until it
is disturbed. Indeed, the rays must continue in their ray paths to be viewed by the
viewer. As such, the voxel’s effect of a point source is evident from Fuhse262’s

Figure 10

30= ~ A ; ox
vt 1] #

Fuhse262, FIG. 10

179. As discussed in element [1.b5], each voxel is centered at a “point.”

180. Further, the *294 Patent teaches that “the resulting effect is a point
source of light” when the “mirrors (which are in the base of the cone) are aimed or
targeted (or ‘oriented’) toward the cone apex (image’s pixel).” 294 Patent, 6:4-9.
In other words, voxels produce[] an effect of a point source of light at least when
a cone can be described in which the voxel is the cone’s apex and the micro mirrors
are within the base of the cone. Likewise, Fuhse262 teaches a “cone” can be

described “originating from the image point” and including all the micromirrors
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within the base of the cone (i.e., “sphere of influence E;”). Fuhse262, 490036, 0126,
cl. 25.
181. Fuhse262 therefore teaches element [1b.6].

b) Claim 28

182. In my opinion, Fuhse262 teaches claim 28, as detailed below.

i. Claim 28, Element [28Pre]: A visual display
assembly useful as a security element on paper
and coin currency, and product labels,
comprising:

183. In my opinion, Fuhse262 renders obvious the limitation [28PRE]. See,
supra, Section X.A.2.a.1 ([1Pre])(“A visual display assembly useful as a security
element on paper and coin currency, and product labels, comprising”).

ii. Claim 28, Element [28a]: a substrate; and

184. In my opinion, Fuhse262 renders obvious this limitation. See, supra,
Section X.A.2.a.ii ([1a])(“a substrate; and”)

iii. Claim 28, Element [28b.1]: on a surface of the

substrate, an array of micro mirrors receiving
ambient light and,

185. In my opinion, Fuhse262 renders obvious this limitation. See, supra,
Section X.A.2.a.iii ([1b.1]) (“on a surface of the substrate, an array of micro mirrors
receiving ambient light and,”)

iv. Claim 28, Element [28b.2]: in response,
displaying a first image and a second image in a
plane spaced a distance apart from the surface of
the substrate at first and second viewing angles,
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respectively, wherein the first and second images
each comprises a plurality of pixels

186. In my opinion, Fuhse262 teaches element [28b.2].

187. Fuhse262 teaches in response, displaying a first image... in a plane
spaced a distance apart from the surface of the substrate... wherein the first...
image[] [] comprises a plurality of pixels. See, supra, Section X.A.2.a.1v ([1b.2]).

188. Fuhse262 also teaches a second image that comprises a plurality of
pixels and is also in a plane spaced a distance apart from the surface of the
substrate (i.e., the same plane as the first image). Other than being viewable at a
different angle, the claim requires only that the second image has the same
requirements of the first image, and is therefore satisfied by the same teachings
discussed with respect to element [1b.2].

189. Fuhse262 teaches producing multiple images, including “a light-spot
image A” (the image) and “a light-spot image B” (a second image). Fuhse262,
90111-20. Both images are produced in the same manner as previously discussed,
such as by assigning micromirrors to light spots are described “in connection with
Figs. 8 to 10.” Fuhse262, 0111.

190. As discussed in element [1b.2], Fuhse262 teaches “two-dimensional”
images such as “a font or a logo” (see Fuhse262, 90015, 0027, 0117), and teaches

that “several” images may be produced. Fuhse262, q0116-17.

0
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191. Fuhse262 further teaches that two images may “lie next to each other
and/or appear alternately in the same place when the viewing direction changes.”
Fuhse262, 490027, 0118. Whether image A and B “lie next to each other” or are “in
the same place,” they are in the same plane spaced a distance apart from the
surface of the substrate. For example, when the two images are in the same place,
their pixels have the same heights, and therefore are in the same plane. This is
accomplished in the same way as discussed in element [1b.2], by selecting all of the
image points P; of the second image with the same height values Z;, the first image.
See, supra, Section X.A.2.a.1v ([1b.2]); Fuhse262, 490036, 0125-28, cl. 25.

192. To the extent it could be argued that Fuhse262 only explicitly discloses
a three-dimensional image in the same place or next to a two-dimensional image (see
190027, 0118), it would have been understood to provide two two-dimensional
images. As discussed in element [1b.2] (see, supra, Section X.A.2.a.iv ([1b.2])), by
teaching any arbitrary three-dimensional image in space (i.e., X, y, Z space) can be
constructed of pixels, a POSITA would understand that a two-dimensional image
can be constructed by fixing the height (z) values of the pixels. Based on Fuhse262’s
teachings that multiple images may be created in the same place or next to each
other, and that images may be two-dimensional, it would have been understood to a
POSITA to provide two two-dimensional images at the same height (i.e., in the same

plane).

1
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193. Fuhse262 also teaches first and second viewing angles for the first and
second images, respectively. Fuhse262 teaches that “different images become
visible to the viewer from different directions.” Fuhse262, 90111, 0024. As
Fuhse262 explains:

“When tilted to the side, the security element should show an
image change from a light-spot image A to a light-spot image B. First,
the required optical elements that produce the light-spot images when
illuminated are determined for both light-spot images. As described in
connection with Figs. 8 to 10, each light spot is assigned a plurality of
optical elements, here a plurality of micromirrors.”

Fuhse262, 0111.

194. 1In other words, light-spot image A (the image) is viewable from a
certain angle (a first viewing angle), and an “image change” to light-spot image B
(the second image) occurs when “tilted to the side” (a second viewing). These
teachings are specifically taught to apply to the case where the two images “lie next
to each other” or are “in the same place,” such that the images “appear alternately”
“when the viewing direction changes.” Fuhse262, 90027, 0118.

195. Accordingly, Fuhse262 renders obvious element [28b.2].

v. Claim 28, Element [28b.3]: wherein the array of
micro mirrors includes for each of the pixels a
unique set of the micro mirrors each having a
reflective surface rigidly oriented, by rotating a
body of each of the micro mirrors about at least
one of two rotations axes extending through the
body, to reflect the ambient light away from the
substrate toward a point on the plane
corresponding to one of the pixels,
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196. In my opinion, Fuhse262 teaches element [28b.3]. See, supra, Section
X.A.2.a.v ([1b.3])(“wherein the array of micro mirrors includes for each of the pixels
a different set of the micro mirrors each having a reflective surface oriented, in a

fixed manner with a body of each of the micro mirrors rotated about at least one of

first and second rotation axes extending through the body, to reflect the ambient light
toward a point on the plane corresponding to one of the pixels,”).

197. The sets of micro mirrors for each pixel are unique for the same reasons
the sets are different. See, supra, Section X.A.2.a.v ([1b.3]). As discussed, each
micromirror is assigned to a single light spot. No micromirrors are shared with
multiple light spots. Thus, the set of micromirrors for each light spot contains a
unique set of micromirrors.

198. The micro mirrors are oriented rigidly for the same reasons the micro
mirrors are oriented in a fixed manner. See, supra, Section X.A.2.a.v ([1b.3]). In
this context the terms rigid and fixed both describe micromirrors that have a
permanently fabricated shape (e.g., from embossing) for reflecting light in a single
orientation (e.g., to a single pixel).

199. The reflected light is away from the substrate for the same reasons it
is directed toward a point on the plane corresponding to one of the pixels (see

[1b.3]). Because the array of micromirrors is on the substrate (see [1b.1]), reflections

3
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from the micromirrors are always away from the substrate in accordance with the
laws of geometrical optics described above.

vi. Claim 28, Element [28b.4]: wherein each of the

unique sets of the micro mirrors includes a

number of the micro mirrors in the range of 2 to
40, and

200. In my opinion, Fuhse262 renders obvious this limitation.

201. Fuhse262 states that the total number of micromirrors may be “for
example a few tens, a few hundred or even several thousand.” Fuhse262, 40056.
For example, Fuhse262 teaches that “[tlhe number nxn of micromirrors is, for
example, 10x10,” (totaling 100) (see 40087) or may be 288 (12x12=144 plus
12x12=144) (see 490090-92). Fuhse262, 90087. In Figure 8(c), Fuhse262 teaches
that “every fourth field can be covered with micromirrors 102 that are assigned to a
specific light spot,” while the other fields “are assigned to up to three other light
spots.” Fuhse262, 90094. For the 100 micromirror example, if “three other light
spots” are utilized, that means the 100 micromirrors would serve four light spots,
meaning each of the sets of the micro mirrors includes twenty five micromirrors
(a number of the micro mirrors in the range of 2 to 40).

202. This limitation is also satisfied by the description of Figure 8(d), which
states that “every ninth field is covered by micromirrors 102 assigned to a specific
light spot,” while the remaining “micromirrors [] are assigned to up to eight other
light spots.” Fuhse262, 40094. If all “eight other light spots” are utilized, the 100
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micromirrors would serve nine light spots, meaning each of the sets of the micro

mirrors includes eleven micromirrors (a number of the micro mirrors in the

range of 2 to 40). Similarly, for the 288 micromirror example, each of the sets

would have 32 (i.e., 288 divided by nine) micromirrors (a number of the micro
mirrors in the range of 2 to 40).

vil. Claim 28, Element [28b.5]: wherein the

reflected ambient light from the number of the

micro mirrors intersects at the point

corresponding to the one of the pixels to create a
voxel,

203. In my opinion, Fuhse262 renders obvious the limitation. See, supra,
Section X.A.2.a.vii ([1b.5]) (“and wherein a voxel is created at each of the points on
the plane via intersection of two or more beams of the reflected ambient light and™).

viii. Claim 28, Element [28b.6]: whereby the
voxel acts like a point light source positioned in

the plane at the point corresponding to the one
of the pixels.

204. In my opinion, Fuhse262 renders obvious the limitation. See, supra,
Section X.A.2.a.viii ([1b.6]) (“wherein each of the created voxels produces an effect
of a point source of light floating above the surface of the substrate in the plane.”)

205. The voxel is created at the point corresponding to the one of the
pixels. See also elements [1b.5], [1b.3].

c) Claim 35

206. In my opinion, Fuhse262 teaches claim 35, as detailed below.

5
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i. Claim 35, Element [35Pre]: A visual display
assembly useful as a security element on paper
and coin currency, and product labels,
comprising:

207. In my opinion, Fuhse262 renders obvious the limitation. See, supra,
Section X.A.2.a.1 [1Pre] (“A visual display assembly useful as a security element on

paper and coin currency, and product labels, comprising:”).

ii. Claim 35, Element [35a]: a substrate; and
208. In my opinion, Fuhse262 renders obvious the limitation. See, supra,
Section X.A.2.a.ii [1a] (“a substrate; and”).
iii. Claim 35, Element [35b.1]: on a surface of the

substrate, an array of micro mirrors receiving
ambient light and,

209. In my opinion, Fuhse262 renders obvious the limitation. See, supra,
Section X.A.2.a.iii [1b.1] (“on a surface of the substrate, an array of micro mirrors
receiving ambient light and,”).

iv.iv.  Claim 35, Element [35b.2]: in response,
displaying an image in a plane spaced a distance

apart from the surface of the substrate, wherein
the image comprises a plurality of pixels,

210. In my opinion, Fuhse262 renders obvious the limitation. See, supra,
Section X.A.2.a.iv [1b.2] (“in response, displaying an image in a plane spaced a
distance apart from the surface of the substrate, wherein the image comprises a

plurality of pixels and”).

6
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v. Claim 35, Element [35b.3]: wherein the array of
micro mirrors includes for each of the pixels a
different set of the micro mirrors each having a
reflective surface oriented, differently from
others of the micro mirrors in the different set,
to reflect the ambient light away from the
substrate and toward a point on the plane
corresponding to one of the pixels,

211. In my opinion, Fuhse262 renders obvious this limitation. See, supra,
Section X.A.2.a.v ([1b.3]).

212. Fuhse262 teaches that the reflective surfaces of the micromirrors in
each different set are oriented differently from others of the micro mirrors in the
different set. For a given set of micromirrors, each micromirror is oriented to the
same pixel. See, supra, Section X.A.2.a.v ([1b.3]). Each micromirror is not
physically in the same place but is in a different location in the array on the substrate.
See, supra, Section X.A.2.a.iii ([1b.1]). Thus, because the micromirrors in a given
set are (1) each in different places, and (2) orient light to the same point, the
orientation of each micromirrors in the given set are oriented differently than the
others. This arrangement is required by the laws of geometrical optics.

213. Fuhse262 teaches that the micromirrors reflect the ambient light away
from the substrate. The micromirrors are on the surface of the substrate, as
required by [35.b1]. See, supra, Section X.A.2.a.iii ([1b.1]). The pixels are in a
plane spaced a distance apart from the surface of the substrate, as required by

[35.b2]. See, supra, Section X.A.2.a.iv ([1b.2]). Thus, in order for the reflected
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light to start at the surface of the substrate and pass through a point that is a distance
from the surface of the substrate, the reflected light always goes away from the
substrate.

214. Accordingly, Fuhse262 renders obvious element [35b.3].

vi. Claim 35, Element [35b.4]: a first set of voxels
concurrently being created at the points on the
plane via intersection of two or more beams of
the reflected ambient light at each of the points

on the plane to concurrently display the pixels of
the image, wherein,

215. In my opinion, Fuhse262 teaches this limitation.

216. As discussed in element [1b.4], “each of the different sets concurrently
reflect the ambient light to concurrently generate the plurality of pixels.” See, supra,
Section X.A.2.a.vi ([1b.4]). As discussed in element [1b.5], “a voxel is created at
each of the points on the plane via intersection of two or more beams of the reflected
ambient light” (See, supra, Section X.A.2.a.vii ([1b.5])), and “a point on the plane
correspond|[s] to one of the pixels.” (See, supra, Section X.A.2.a.v ([1b.3])).

217. When a voxel is created at each of the points, a first set of voxels [is]
concurrently [] created. The “the image comprises a plurality of pixels” (see
[35.b2]), points correspond to pixels (see [35.b3]), and “a first set of voxels [is]
created at the points.” Thus, a first set of voxels are all the voxels of the image.

218. Accordingly, Fuhse262 renders obvious element [35b.4].

8
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vii. Claim 35, Element [35b.5]: further in
response to the receiving of the ambient light, the
array of micro mirrors displays a second image
in a second plane spaced a distance apart from
the plane displaying the image,

219. In my opinion, Fuhse262 teaches this limitation.

220. This claim requires a second image in a second plane spaced a
distance apart from the plane displaying the image, without any additional
requirements of the second image that are not required of the image. As discussed
in element [28.b2], incorporated herein, Fuhse262 discloses displaying two images
in the same plane. See, supra, Section X.A.2.b.iv ([28.b2]).

221. Fuhse262 also teaches that the two images may be in different planes.
Fuhse262 teaches that two images to be in the “foreground” and “background” of
each other. Fuhse262, 90117. A POSITA would have understood that for two
images to be in the foreground and background of each other, they are spaced a
distance apart from each other. This is accomplished by selecting all of the image
points P;j of the second image to have a height values Z; that is different from height
values Z; of the first image. See, supra, Section X.A.2.a.iv ([1b.2]); Fuhse262,
9190036, 0125-28, cl. 25.

222. To the extent it could be argued that Fuhse262 only explicitly discloses
a three-dimensional image in the foreground of a two-dimensional image (see

10117), it would have been obvious to provide two two-dimensional images. As
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discussed in element [1b.2] (see, supra, Section X.A.2.a.iv), by teaching any
arbitrary three-dimensional image in space (i.e., X, y, z space) can be constructed of
pixels, a POSITA would understand that a two-dimensional image can be
constructed by fixing the height (z) values of the pixels. Based on Fuhse262’s
teachings that multiple images may be created in the foreground and background of
each other, and that images may be two-dimensional, it would have been obvious to
a POSITA to provide two two-dimensional images at different heights (i.e., in
different planes).
223. Accordingly, Fuhse262 renders obvious this limitation.

viii. Claim 35, Element [35b.6]: wherein the
second image comprises a plurality of pixels, and

224. In my opinion, Fuhse262 renders obvious the limitation. See, supra,
Section X.A.2.b.1v ([28.b2]).

ix. Claim 35, Element [35b.7]: wherein the array of
micro mirrors includes, for each of the pixels of
the second image, a different set of the micro
mirrors each having a reflective surface
oriented, differently from others of the micro
mirrors in the different set, to reflect the ambient
light away from the substrate and toward a point
on the second plane corresponding to one of the
pixels of the second image,

225. In my opinion, Fuhse262 renders obvious the limitation. See, supra,

Section X.A.2.c.v ([35.b3]) and X.A.2.c.vii ([35.b5]).
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Xx. Claim 35, Element [35b.8]: a second set of voxels
concurrently being created at the points on the
second plane via intersection of two or more
beams of the reflected ambient light at each of
the points to concurrently display the pixels of
the second image.

226. In my opinion, Fuhse262 renders obvious the limitation. See, supra,
Section X.A.2.c.vi ([35.b4]) and X.A.2.c.vii ([35.b5]).

227. These claim limitations are satisfied for the second set of voxels in the
same way they are satisfied for the first set of voxels.

B. Ground 2: Fuhse262 in view of Fuhse925 Renders Obvious Claims
1, 6-13, 28, 32-33, and 35-38

1. Combined Teachings of Fuhse262 and Fuhse925
a) Motivation to Combine

228. In my opinion, it is obvious to apply the teachings of Fuhse925 to
Fuhse262. Fuhse262 and Fuhse925 both relate to security elements for data carriers
(e.g., banknotes, etc.) with arrays of optical elements that are arranged to produce,
upon illumination, three-dimensional motifs, and thus are in the same field.
Fuhse262, Abstract; Fuhse925, Abstract.

229. One reviewing, a POSITA would have looked to Fuhse925. Fuhse262
describes the proper orientation (i.e., to produce the light spot in the correct location
in three-dimensional space) of its micromirrors in the surface plane (i.e., X-y axes)
by a normal vector n of its reflective surface. Fuhse262, 995-99. While it is only

a matter of elementary mathematics to understand how much to rotate the mirror
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surface in the x and y axes to achieve the normal vector n (as is shown in Fuhse262
(FIGs. 9-10), it is not expressed in explicit detail. Fuhse925, however, does provide
that explicit detail. Fuhse925 further teaches that the normal surface N can be broken
down into two “inclination components” that represent the inclination angle (i.e.,
how much the mirror surface should be rotated or tilted) of the mirror in each
respective axis. Fuhse925, 7:33-63. It would therefore have been obvious to
examine how mirror surface orientations are achieved when reviewing Fuhse262.
230. Fuhse925 provides explicit detail for implementing what Fuhse262
teaches, namely a micromirror with a desired surface normal n. As Fuhse925
explains, Ny and N, are the “mirror slope” in each of the x and y axes (the claimed
first and second rotation axes), such that the body of each of the micro mirrors [is]
rotated about the x-axis extending through the body by an amount of NJ|, and the
body of each of the micro mirrors [is] rotated about the y-axis extending through the
body by an amount of N. to achieve the proper orientation of the micromirrors.
Fuhse925, 7:33-63. Whereas Fuhse262 discloses a desired surface normal for each
micromirror and shows the properly angled mirrors (see FIGs. 9-10), Fuhse925
provides further explicit detail for how to implement the properly oriented mirrors
using “inclination components,” thus, it would have been obvious to combine

Fuhse262 and Fuhse925.
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231. Additionally, using Fuhse925’s teachings regarding inclination
components in Fuhse262’s system would have involved using a known technique to
improve Fuhse262 in a known way, without unpredictable results, and would thus
also have been obvious.

b)  Reasonable Expectation of Success

232. In my opinion, a POSITA would have had a reasonable expectation of
success in implementing the combination of Fuhse262 and Fuhse925. As a POSITA
would have recognized, the structures of Fuhse262 and Fuhse925 are similar and
compatible.

233. For example, Fuhse262 teaches that its micromirrors may “for example,
have a dimension of 50 um % 50 um and can be formed with a flat mirror surface.”
Fuhse262, 9987,95-99.  Fuhse925’s facets are “micromirrors” with “the
dimensions... between 20 pm and 300 um, preferably between 50 pm and 200 um.”
Fuhse925, 5:36-38, 7:43-48. Fuhse provides almost identical teachings regarding
how the micromirrors in Fuhse262 and Fuhse925 should be made, further showing
the compatibility in their teachings. Compare Fuhse262, 40032 (“the optical
elements are designed as embossed structures in an embossing lacquer layer...
preferably provided with a reflection-increasing coating,” “[i]n particular, a full-
surface or gridded metallization™) with Fuhse935, 5:4-8 (“the planar facets are cast

in an embossing lacquer layer and preferably provided with a reflection-increasing

83
Giesecke+Devrient GmbH,
Page 96 Giesecke+Devrient Currency Technology GmbH,
and Papierfabrik Louisenthal GmbH. - Ex. 1003



Declaration of Prof. Lambertus Hesselink, Ph.D.

coating, especially a metalization”). Thus, the teachings in Fuhse925 regarding
proper orientation of micromirrors would have been incorporated into Fuhse262
with no difficulty.

234. As discussed in Ground 1 (see X.1.b)), the art was relatively
predictable in the relevant timeframe (2015). Id. Thus, a POSITA would have been

able to implement the obviousness modifications in this ground without difficulty.

ld.
2. Application to the Challenged Claims
235. In my opinion, Fuhse262 in view of Fuhse925 teaches the limitations
of claim 1.
236. See, supra, Section III (Ground 1). Different elements are addressed
below.

a) Claim 1, Element [1Pre] / [28Pre] / [35Pre]: A visual
display assembly useful as a security element on paper
and coin currency, and product labels, comprising:

237. To the extent not taught by Fuhse262, Fuhse262 in view of Fuhse925
renders this element obvious. Fuhse925, 1:5-14, 5:12-16, 5:39-50, 6:48-62, FIG. 1.
238. Fuhse925 additionally teaches that its invention is useful as a security

element on not only banknotes, but also on “labels on goods and packaging”

(product labels). Fuhse925, 6:55-60.
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239. In my opinion, one would have been motivated to combine Fuhse262
with Fuhse925 in order to maximize the utility and applications of the invention.
While Fuhse262 describes its invention may be applicable to any “data carrier,” it
does not explicitly list all of its application. In my opinion, one would have been
motivated to look at other references, including Fuhse925, to find additional data
carriers for additional applications.

b) Claim 1, Element [1b.3] / [28b.3]: wherein the array
of micro mirrors includes for each of the pixels a
different set of the micro mirrors each having a
reflective surface oriented, in a fixed manner with a
body of each of the micro mirrors rotated about at
least one of first and second rotation axes extending
through the body, to reflect the ambient light toward
a point on the plane corresponding to one of the pixels,

[35b.3]: wherein the array of micro mirrors includes
for each of the pixels a different set of the micro
mirrors each having a reflective surface oriented,
differently from others of the micro mirrors in the
different set, to reflect the ambient light away from the
substrate and toward a point on the plane
corresponding to one of the pixels,

240. In addition, Fuhse262 in view of Fuhse925 renders obvious elements
[1b.3] and [28b.3] with respect to the term micro mirrors each having a reflective
surface oriented, in a fixed manner with a body of each of the micro mirrors
rotated about at least one of first and second rotation axes extending through
the body and element [35b.3] with respect to the phrase micro mirrors each having

a reflective surface oriented. Fuhse262, §90010-11, 0013, 0019-20, 0036, 0060,
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0084, 0088, 0091-92, 0095-0101, FIGs. 8b, 9b, and 10; Fuhse925, 6:63-7:18, 7:33-
63.

241. Fuhse262 discloses that the micromirrors each have a normal vector n
of its reflective surface defined in the x and y axes, and it is a matter of elementary
mathematics to understand how to rotate the surface in the x and y axis to achieve
that normal vector n. However, to the extent it would not, Fuhse925’s additional
teachings would.

242. Like Fuhse262, Fuhse925 teaches a security element (for currency, for
example) using arrays of reflective micromirrors to create three-dimensional images
appearing to float above the security element. Fuhse925, 6:63-7:18, 7:33-48. Also,
like Fuhse262, each micromirror is taught to have a normal vector — “slope N” — that
defines the overall surface orientation of the micromirror. Fuhse925, 7:55-58.

243. Fuhse925 further teaches that the normal surface N can be broken down
into two “inclination components” that represent the inclination angle of the mirror
in each respective axis. Fuhse925, 7:33-63. Fuhse925 explains:

“As shown in the detailed section 24 in FIG. 3, the depiction
region 22 is provided with a plurality of reflective, planar
facets 30 that have, for example, a base area of 15 umx15 pm
and a maximum height of a few micrometers. Each of the planar
facets 30 is especially characterized by an inclination angle
against the plane of the areal motif region 20, which inclination
angle has, as inclination components, a parallel component
N parallel to the line 16 (y-direction in FIGS. 2 and 3) and a

normal component N, perpendicular to the line 16 (x-
direction in FIGS. 2 and 3).
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The ray-optically effective reflective facets 30 constitute
small inclined micromirrors that direct incident light in a
reflection direction given by the condition “angle of incidence
equals angle of reflection”. Within the scope of this description,
the arrangement of the reflective facets 30 is thus also referred to
as a micromirror arrangement.

Particularly the mirror slope or the facet slope in the
respective direction can be calculated from the two
inclination components Ny and N,. For illustration, in the top
view in FIG. 3, the inclination components of the facets 30 are
marked as vectors whose direction indicates the direction of
rising mirror level and whose absolute value indicates the slope
in the respective direction. The inclination components Nj and
N. yield, as usual, the total slope N of a facet 30, which is
additionally marked for the middle facet in FIG. 3.”

Fuhse925, 7:33-58.
244, Fuhse925 Figures 2 and 3, referenced in the passage above, are

reproduced below:
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16 22

Fig. 3

Fuhse925, FIGs. 2 and 3 (annotated)

245. Fuhse925, 7:33-58. As Fuhse925 explains, NJ| and N.L are the “mirror
slope” in each of the x and y axes (first and second rotation axes), such that the
body of each of the micro mirrors [is] rotated about the x-axis extending
through the body by an amount of N||, and the body of each of the micro mirrors
[is] rotated about the y-axis extending through the body by an amount of N.L to
achieve the proper orientation of the micromirrors.

246. Fuhse925 also clarifies that that the micromirrors are oriented in a fixed

manner. Fuhse925 further explains that its reflective planar facets 30 are
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“characterized by an inclination angle.” Fuhse925, 7:37-42, claim 1. The planar
facets 30 are “characterized” by this single “inclination angle” because they are
manufactured to provide that angle to achieve a desired reflection.

C. Grounds 3 and 4: Fuhse262 (Ground 1) or Fuhse262 in view of

Fuhse925 (Ground 2), and further in view of Jordan, Renders
Obvious Claims 1, 6-13, 28, 32-33, and 35-38

1. Combined Teachings of Fuhse262, Fuhse925 (for Ground 2 /
4), and Jordan

a) Motivation to Combine

247. In my opinion, a POSITA would have been motivated to combine
Fuhse262 with Jordan (Ground 3), and Fuhse262 and Fuhse925 in further view of
Jordan (Ground 4), in order to maximize the utility and applications of the invention.
While Fuhse262 describes its invention may be applicable to any “data carrier,” it
does not explicitly list all of its application. One would have been motivated to look
at other references, including Jordan, to find additional data carriers for additional
applications.

b)  Reasonable Expectation of Success

248. In my opinion, one would have had a reasonable expectation of success
in implementing the combination of Fuhse262 and Jordan, with or without
Fuhse925. The art was relatively predictable in the relevant timeframe (2015). (/d.).
One would have been able to implement the obviousness modifications in this

ground without difficulty. (/d.).
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249. Because coin currency and product labels were known in the art as
useful applications of OVD technology, a POSITA would have routinely recognized
that Fuhse262 would be “useful as a security element” for those applications.

2. Application to the Challenged Claims

250. In my opinion, Fuhse262 in view of Fuhse925 teaches the limitations
of claim 1.

251. See, supra, Section III (Ground 1). Different elements are addressed
below. See, supra, Section III (Ground 1) and Section IV (Ground 2). Different
elements are addressed below.

a) Claim 1 / Element [1Pre]: A visual display assembly

useful as a security element on paper and coin
currency, and product labels, comprising:

252. To the extent not taught by Fuhse262 or Fuhse262 and Fuhse925,
Fuhse262, and Fuhse262 in view of Fuhse925, in combination with Jordan teach this
element. Jordan, Abstract, 90013, 0002-04, 0113-14, 0124-25, 0154, 0159, 0174-
77.

253. Jordan teaches methods of using arrays of reflective microstructures
that produce images “as a security and anti-counterfeiting feature to identify and
distinguish authentic products from counterfeit products,” such as “banknotes” or

“coinage,” as well as “product marking and labeling” and “packaging.” Jordan,

Abstract, 490013, 0002-04, 0113-14, 0124-25, 0154, 0159, 0174-77.
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D. Grounds 1 -4: Dependent Claims

254. In my opinion, the challenged dependent claims are obvious in the
manner described below. The challenged dependent claims are obvious in the same
manner for Grounds 1-4. However, for claims 11 and 35, I have included an
additional position that pertains to Grounds 2 and 4 only as it relies on Fuhse925.

a) Claim 6

i. Claim 6, Element [6a]: The assembly of claim I,
wherein each of the sets of the micro mirrors
includes a number of the micro mirrors in the
range of 2 to 40 and

255. In my opinion, Fuhse262 renders obvious [6a]. See, supra, Sections
X.A.2.b.vi ([28b.4]), X.A.2.a.11 ([1a]), X.A.2.a.v ([1b.3]).

ii. Claim 6, Element [6b]: wherein the reflected

ambient light from at least twenty of the micro

mirrors intersects at the point corresponding to the
one of the pixels.

256. In my opinion, Fuhse262 renders obvious element [6b]. See, supra,
Sections X.A.2.a.v ([1.b3]), X.A.2.a.vii ([1.b5]), and X.D.2.a.i ([6a]).

257. As discussed in element [6a], amounts such as 25 or 32 micromirrors
(at least twenty of the micro mirrors) may be used. As discussed in elements
[1.b3] and [1.b5], all of the micromirrors in each of the sets provide reflected
ambient light that intersects at the point corresponding to the one of the pixels,
including all of the 25 or 32 micromirrors.

258. Fuhse262 therefore teaches claim 6.
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b)  Claim 7: The assembly of claim 6, wherein each of the
sets of the micro mirrors includes at least thirty of the
micro mirrors.

259. In my opinion, Fuhse262 renders obvious claim 7. See, supra, Section
X.D.2.a.i ([6a]).

260. As discussed, for the 288 micromirror example, each of the sets would
have 32 (i.e., 288 divided by nine) micromirrors (at least thirty of the micro
mirrors).

) Claim 8: The assembly of claim 6, wherein the point
on the plane corresponds to an apex of a cone and the
at least twenty of the micro mirrors are located within

a base of the cone coplanar with the surface of the
substrate.

261. In my opinion, Fuhse262 renders obvious claim 8.

262. Fuhse262 teaches that “every image point P;,”” (the point on the plane)
corresponds to a “cone originating from” or “emanating from” the image point (an
apex of a cone). Fuhse262, 490036, 0126. Further, “a sphere of influence E; [a base
of the cone] is determined by an intersection of the aperture cone originating from
the image point with the xy plane” (coplanar with the surface of the substrate).
Id. As discussed in element [1b.2], the “xy plane” is understood to be the surface
of the substrate because it is the plane that is divided into fields that are “covered

with” the optical elements (micromirrors) which are on a surface of the substrate,

as required by element [1.b1] (see element [1.b1]). Fuhse262, 990036, 0125-28.
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263. In Fuhse262, all of the micromirrors (in this case, the at least twenty
of the micro mirrors) that “contribute to producing the light spot that corresponds
to image point P;” are selected from fields in the xy plane that are “in the sphere of
influence E; of the image point P;” (within a base of the cone). Fuhse262, 490036,

0125-28.

d) Claim 9: The assembly of claim 8, wherein the micro
mirrors within the base of the cone and excluded from
the set of the micro mirrors displaying the pixel are
oriented to reflect the ambient light away from point
on the plane corresponding to the pixel to provide a
dark background for the image.

264. In my opinion, Fuhse262 renders obvious claim 9.

265. The 294 patent discloses that this language is satisfied by providing
two images at different viewing angles (see claims 10 and 11), as discussed with
respect to Figure 5:

FIG. 51is a schematic or diagram 500 similar to that of FIG. 4 but
showing an embodiment of a security element 510 with an array of
mirrors adapted specifically to provide two light and dark images. The
diagram 500 illustrates that the sets of pixel-providing micro mirrors on
the security element 510 (or in a mirror planar surface) can be oriented
to provide a light image (with bright pixels with a dark
background) that when going in reverse provides a dark image
with a light background as the viewer rotates the element 510 or
otherwise changes their perspective.

’294 patent, 9:19-28 (emphasis added).
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’294 patent, FIG. 5 (annotated)

266. As further discussed with respect to claims 10 and 11, Fuhse262

likewise teaches producing two light spot images that are visible at different viewing

angles:

“[0111] In a further development of the invention, the security element
can also produce a changing light-spot image when illuminated, in
which different images become visible to the viewer from different
directions. For example, the procedure for a reflective security element

can be as follows; the procedure for a see-through security element is
analogous:

When tilted to the side, the security element should show an image
change from a light-spot image A to a light-spot image B. First, the
required optical elements that produce the light-spot images when
illuminated are determined for both light-spot images. As described in

Page 107
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connection with Figs. 8 to 10, each light spot is assigned a plurality of
optical elements, here a plurality of micromirrors.

[0112] When arranging the micromirrors in the surface region of the
security element, those micromirrors in which the x component n.of
the normal vector is greater than zero are then omitted for the
light-spot image A. This frees up half of the mirror space and the image
is only visible in a limited angle range.

[0113] For the light-spot image B, those micromirrors are omitted
where the x component n. of the normal vector is less than zero.
With this reduced mirror arrangement, the freed-up mirror positions of
the light-spot image A are covered. When the arrangement is tilted

sideways, the light-spot image A and the light-spot image B alternately
become visible.”

Fuhse262, 990111-13. These teachings are illustrated in this Figure I have
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267. Applying Fuhse262’s teaching that micromirrors in which the x

component nxof the normal vector is greater than zero have been omitted for image
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A (the image in the foreground in green including the point), this means in the above
image that all of image A’s rays (in green) will “point” from right to left (i.e., n«<
0).

268. Applying Fuhse262’s teaching that micromirrors are omitted where the
x component nxof the normal vector is less than zero for image B (the image in the
background in blue), this means in the above image that all of image B’s rays (in
blue) will “point” from left to right (i.e., nx> 0).

269. Fuhse262 also teaches that the same functionality may be provided for
the y-axis. Fuhse262, q114.

270. Fuhse262 flexibly allows two images to be in the “foreground” and
“background” of each other (see §90117), which is distinct from the case in which
the two images “lie next to each other.” Fuhse262, q926-27. Fuhse262 further
recognizes that there are areas that “must be kept dark” in order to create “a visually
appealing three-dimensional light-spot image.” Fuhse262, 44106-07. One of those
dark areas would be a background.

271. Thus, Fuhse262 teaches that two images may be in the background and
foreground of each other, and that they may be viewable at different viewing angles,
as illustrated below. As taught by Fuhse262, one image (including the point) is in
the foreground of another image, which is in the background of the first image. As

further taught by Fuhse262, for image A (the image in the foreground in green
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including the point), micromirrors in which the x component n.of the normal vector
is greater than zero have been omitted, while for image B (the image in the
background in blue), the micromirrors are omitted where the x component nx of the
normal vector is less than zero. The micromirror reflections for one light spot for
each image is shown below, but it is understood that each light spot of each image
includes a set of micromirrors providing reflections.

272. Because the two images are in the foreground and background of each
other, and not next two each other, the micro mirrors within the base of the cone
and excluded from the set of the micro mirrors displaying the pixel (which is of
image A) are allocated for image B. Because the image plane of the pixel is above
image plane of image B, the base of the cone would overlap with the small cones
for image points of image B (the background image).

273. As shown in the Figure above, the micromirrors for light points of
image B (in blue) are oriented to reflect the ambient light away from point on
the plane corresponding to the pixel. When the viewer is in the position of the eye
in the image above, this will provide a dark background for the image (i.c.,
orientation of the micromirrors for the pixels of image B in blue provide a dark

background for image A in green).
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274. Fuhse262 teaches how micromirrors are oriented to reflect the
ambient light away from point on the plane corresponding to the pixel in order
to provide such dark areas.

275. Fuhse262 teaches “mirrors that are oriented in such a way that spatial
regions that do not contain any light sources are reflected,” for example, “mirrors
can be directed... at the viewer’s body.” Fuhse262, q4108. In this case, the
micromirrors are oriented to reflect the ambient light towards the viewer’s body,
which is away from point on the plane corresponding to the pixel.

276. In such case, the micromirrors performing this darkening are both (1)
the micro mirrors within the base of the cone, and (2) excluded from the set of
the micro mirrors displaying the pixel. The micromirrors that are oriented to
provide dark areas are the micro mirrors within the base of the cone because they
are micromirrors that are assigned to a darkened pixel. As discussed in claim 8§,
micromirrors are only assigned to a light spot if they are “in the sphere of influence
E; of the image point P;” (within a base of the cone) corresponding to the light spot.
Fuhse262, 990036, 0125-28. As Fuhse262 explains, micromirrors “that are
assigned to a light spot can be darkened depending on the desired fraction of
maximum brightness.” Fuhse262, 4106- (emphasis added) (“it is currently
preferred to adjust the brightness of a light spot after breaking it down into micro-

optical elements”). Because these assigned micromirrors are oriented to reflect light
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away from the light spot (i.e., and towards the viewer’s body or inward)

corresponding to the pixel (see [1b.2]), they are excluded from the set of the micro

mirrors displaying the pixel.

e) Claim 10: The assembly of claim 1, wherein, further
in response to the receiving of the ambient light, the
array of micro mirrors displays a second image in a
second plane spaced a distance apart from the plane
displaying the image, wherein the second image
comprises a plurality of pixels and wherein the array
of micro mirrors includes, for each of the pixels of the
second image, a set of the micro mirrors each having
a reflective surface oriented to reflect the ambient
light toward a point on the second plane
corresponding to one of the pixels of the second image.

277. In my opinion, Fuhse262 renders obvious this claim. See, supra,

Sections X.A.2.c.vii ([35.b5); X.A.2.c.viii ([35.b6)

f) Claim 11: The assembly of claim 10, wherein the
image has a first viewing angle and the second image
has a second viewing angle offset from the first
viewing angle by at least 10 degrees.

278. In my opinion, Fuhse262 teaches claim 11.

279. Fuhse262 teaches that “different images become visible to the viewer

from different directions.” Fuhse262, 90111, 0024. As Fuhse262 explains:

Page 112

When tilted to the side, the security element should show an
image change from a light-spot image A to a light-spot image B.
First, the required optical elements that produce the light-spot
images when illuminated are determined for both light-spot
images. As described in connection with Figs. 8 to 10, each light
spot is assigned a plurality of optical elements, here a plurality
of micromirrors.
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Fuhse262, 0111.

280. In other words, light-spot image A (the image) is viewable from a
certain angle (a first viewing angle), and an “image change” to light-spot image B
(the second image) occurs when “tilted to the side” (a second viewing).

281. Fuhse262 further teaches an offset in the two viewing angles by
providing the ability “to separate the light-spot images of a changing image.”
Fuhse262, 90115. For example, Fuhse262 teaches “the size of the visibility range
can be set as desired,” including between “three light-spot images A, B, C to change
when tilted vertically.” Fuhse262, 0115. When chosen such that light-spot image
A (the image) 1s viewable from a certain angle (a first viewing angle), and light-
spot image B (the second image) is viewable from another certain angle, with a
third image viewable at an angle between those images, the offset would be
understood to be least 10 degrees. At least 10 degrees would be needed to be
provided to the third image.

g)  Grounds 2 and 4 Alternative

282. Ifitis argued that Fushe262 does not satisfy the claim, Fushe925 does,
and a POSITA would have been motivated to combine them with reasonable
expectation of success. See, supra, Sections X.1.a) and X.1.b).

283. To the extent that Fushe262 does not provide express detail of the first

and second viewing angles, and the offset between them to be 10 degrees, Fushe925
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does such as seen in Figs. 6(a)-(b) below. Fuhse925, Figs. 6(a)-(b); 6:26-27 (“FIGS.
6(a) and 6(b) illustrations of the effect achieved by reducing the spreading range for

two viewing directions”).

8

9
Fig. 6(b)

284. Fuhse925 describes what happens when viewing each image from
different angles as be seen in Figures 6(a) and 6(b). “In the perpendicular
view 82 shown in FIG. 6(a) (corresponding to a viewing angle ¢=0°) [(a first
viewing angle)], the viewer sees that portion 84 of the line 16 in which the
spreading range includes the angle ¢=0°.” Fuhse925, 9:66-10:2. “In the view 86,
shown in FIG. 6(b), obliquely from below at an angle ¢=—10° [(a second viewing
angle offset from the first viewing angle by at least 10 degrees)], the viewer sees
that portion 88 of the line 16 in which the spreading range includes the angle
¢=—10°." Fuhse925, 10:9-12. Accordingly, a POSITA would understand that the

image and the second image have viewing angles and an offset between them.
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h)  Claim 12: The assembly of claim 1, wherein the plane
is above, below, or coinciding with the focal plane for
the array of the micro mirrors.

285. In my opinion, Fuhse262 teaches claim 12.

286. In Fuhse262, the plane is... coinciding with the focal plane for the
array of the micro mirrors.” As discussed in [1b.3] and [1b.5], the plane is for
each of the pixels, the micromirror surfaces reflect incident light towards the point
(X0, Yo, Zo), which “denotes the position of light spot 110,” which is a point on the

plane corresponding to one of the pixels. Fuhse262, 490095-97. Fuhse262 further

teaches that “that the light incident from a specified direction k is reflected onto the
focal point (xo, yo, zo) for all micromirrors 102 assigned to light spot 110.”
Fuhse262, 990097, 0100, 0057. Because all the pixels are in the plane (see [1.b2]),
the all the focal points for the plurality of pixels form a focal plane. Thus, the plane
coincid[es] with the focal plane for the array of the micro mirrors.

i) Claim 13: The assembly of claim 12, wherein the

micro mirrors are configured to display the image
with colors.

287. In my opinion, Fuhse262 teaches claim 13.
288. As an initial matter, the micro mirrors are configured to reflect
visible light to display the image. If the ambient light is white, the image will also

be white. If the ambient light is another color, the image will also be that color.

102
Giesecke+Devrient GmbH,
Page 115 Giesecke+Devrient Currency Technology GmbH,
and Papierfabrik Louisenthal GmbH. - Ex. 1003



Declaration of Prof. Lambertus Hesselink, Ph.D.

289. To the extent it could be argued that this claim requires the image be
displayed with particular colors with certain wavelengths (i.e., red, green, etc.) in
response to white light illumination, Fuhse262 satisfies this interpretation in two
ways.

290. First, Fuhse262 teaches that its invention can be “combined with other
security features,” such as “layer systems that show a color change when tilted.”
Fuhse262, 90034. As discussed, one of these tilting angles corresponds to the image
(see claims 10-11), so in this case, the image would be shown with the “color
change.”

291. Second, Fuhse262 teaches that its micromirrors may be “designed as
embossed structures in an embossing lacquer layer” that are provided with “a thin-
film element with a color-shifting effect.” Fuhse262, §0032. Because the thin film
provides “color-shifting” of the reflected light of the micro mirrors, the image is
display[ed] with the colors that the film shifted to.

J) Claim 32: The assembly of claim 28, wherein the point
on the plane corresponds to an apex of a cone and the

number of the micro mirrors are located within a base
of the cone coplanar with the surface of the substrate.

292. In my opinion, Fuhse262 renders obvious this claim. See, supra,
Section X.2.c) (claim 8); see also Sections X.2.a) and X.2.b) (claims 6-7).

k) Claim 33: The assembly of claim 32, wherein the
micro mirrors within the base of the cone and
excluded from the set of the micro mirrors displaying
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the pixel are oriented to reflect the ambient light away
from point on the plane corresponding to the pixel to
provide a dark background for the image.

293. In my opinion, Fuhse262 renders obvious this claim. See, supra,
Section X.2.d) (claim 9).

) Claim 36: The assembly of claim 35, wherein the
image has a first viewing angle and the second image
has a second viewing angle offset from the first
viewing angle by at least 10 degrees.

294. In my opinion, Fuhse262 renders obvious this claim. See, supra,
Section X.2.f) (claim 11).

m) Grounds 2 and 4 Alternative

295. In my opinion, Fuhse262 in view of Fuhse925 also renders this claim
obvious. See, supra, Section X.2.g).

n) Claim 37: The assembly of claim 35, wherein each of
the sets of the micro mirrors includes a number of the
micro mirrors in the range of 2 to 40, wherein the
reflected ambient light from the number of the micro
mirrors intersects at the point corresponding to the
one of the pixels.

296. In my opinion, Fuhse262 renders obvious this claim. See, supra,
Section X.2.a) (claim 6); see also Sections vii, viii ([28.b5-b6]) and vi, vii ([1b.4-

b3]).
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0) Claim 38: The assembly of claim 35, wherein the plane
is above, below, or coinciding with the focal plane for
the array of the micro mirrors.

297. In my opinion, Fuhse262 renders obvious this claim. See, supra,
Section X.2.h) (claim 12).

E. Grounds 5-8: Grounds 1, 2, 3, or 4 in view of Fuhsel72 Render
Obvious Claims 14, 34, and 39

3. Combined Teachings of Fuhse262 and Fuhse925
a) Motivation to Combine

298. In my opinion, it is obvious to apply the teachings of Fuhsel72 to
Fuhse262 of Grounds 1 - 4. Fuhse262 and Fuhsel72 both relate to security elements
for data carriers (e.g., banknotes, etc.) with arrays of optical elements that are
arranged to produce, upon illumination, three-dimensional motifs, and thus are in
the same field. Fuhse262, Abstract; Fuhse925, Abstract.

299. One reviewing Fuhse262 would have looked to Fuhse172. Fuhse262
teaches that its micromirrors may be provided with ““a thin-film element with a color-
shifting effect” (Fuhse262, 40032), or are included with “layer systems that show a
color change when tilted.” Fuhse262, 40034. However, Fuhse262 does not provide
explicit detail on how to implement those thin-films or layers, such as what materials
to use, in order to provide color-shifting. Fuhsel72, however, does provide that

explicit detail.
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300. Fuhsel72 further teaches that dielectric materials may be used to
provide color-shifting. See Fuhsel72, 90118, 0027-29. It would therefore have
been obvious to examine how thin-films or layers are implemented to achieve color-
shifting when reviewing Fuhse262.

301. Fuhse925 provides explicit detail for implementing what Fuhse262
teaches, namely that dielectric materials may be used to provide a thin-firm color-
shifting effect.

302. Additionally, wusing Fuhsel72’s teachings regarding thin-film
dielectrics in Fuhse262’s system would have involved using a known technique to
improve Fuhse262 in a known way, without unpredictable results, and would thus
also have been obvious.

b)  Reasonable Expectation of Success

303. In my opinion, a POSITA would have had a reasonable expectation of
success in implementing the combination of Fuhse262 and Fuhse172. As a POSITA
would have recognized, the structures of Fuhse262 and Fuhsel72 are similar and
compatible. Like the Fuhse262, Fuhsel72 provides reflective facets for security
elements that reflect light to produce images. Fuhsel72, 9997-98, Abstract. Like
Fuhse262’s teaching to use “50um x 50um” size for the mirrors (Fuhse262, §0087),
Fuhse172 teaches to use edge lengths of its facets “in the range between 20 and 100

um.” Fuhsel72, 998.
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304. Asdiscussed in Ground 1 (see X.1.b)), the art was relatively predictable
in the relevant timeframe (2015). Id. Thus, a POSITA would have been able to
implement the obviousness modifications in this ground without difficulty. /d.

4. Application to the Challenged Claims
305. In my opinion, Fuhse262 (whether in Grounds 1, 2, 3, or 4) in view of
Fuhsel72 teaches claims 14, 34, 39.
306. See, supra, Section III (Ground 1). Different elements are addressed
below.
a) Claim 14: The assembly of claim 13, wherein at least
one of ink, plasmonic resonance, and dielectric

material is used to configure the micro mirrors to
display the image with the colors.

307. Fuhse262 in view of Fuhsel72 renders this element obvious. See
Fuhsel72, 490118, 0027-29.

308. Fuhsel72 discloses that in order “to apply a color-shifting coating, in
particular a thin-film system, to the facets,” the “thin-film system can have for
example a first, a second and a third dielectric layer which are formed one on the
other.” Fuhsel72, 90118, 0027-29. This “dielectric layer” is a dielectric material
that is used to configure the micro mirrors to display the image with the colors.
This technique for producing colors with dielectric interference layers is well known
in the art, and taught in courses on the fundamentals of optics. I myself have taught

many such courses.
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309. Fuhsel72 further discloses that while three dielectric layers may be
used, a combination of dielectric layers and metal layers may also be used:

“In a further embodiment, there can be formed on the facets at least in
certain regions a color-shifting coating. The color-shifting coating can
be configured in particular as a thin-film system or thin-film
interference coating. There can be realized here e.g. a layer sequence
of metal layer—dielectric layer—metal layer or a layer sequence
of three dielectric layers, whereby the refractive index of the middle
layer is lower than the refractive index of the two other layers. As a
dielectric material there can be employed e.g. ZnS, SiO2,
TiO2/MgF2.”

Fuhsel72, 40027.

310. Fuhsel72 further explains that for color-shift effects, the “thin-film
system” may be “constructed of reflector, dielectric, absorber (formed on the facets
in this order),” or “facet/absorber/dielectric/reflector.” Fuhsel72, 490028-29.

311. Ineach ofthese cases, the dielectric is a dielectric material that is used
to configure the micro mirrors to display the image with the colors.

b)  Claim 34: The assembly of claim 28, wherein the plane
is above, below, or coinciding with the focal plane for
the array of the micro mirrors, wherein the micro
mirrors are configured to display the image with
colors, and wherein at least one of ink, plasmonic
resonance, and dielectric material is used to configure
the micro mirrors to display the image with the colors.

312. In my opinion, Fuhse262 renders obvious this claim. See, supra,
Sections X.2.h) (claim 12); Section X.2.1) (claim 13); and Section X.4.a) (claim 14).

) Claim 39: The assembly of claim 35, wherein the
micro mirrors are configured to display the image
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with colors and wherein at least one of ink, plasmonic
resonance, and dielectric material is used to configure
the micro mirrors to display the image with the colors.

313. In my opinion, Fuhse262 renders obvious this claim. See, supra,
Section X.2.1) (claim 13) and X.4.a) (claim 14).

XI. SECONDARY CONSIDERATIONS

314. Having reviewed the evidence of record, I am not aware of any
secondary considerations that would suggest non-obviousness of the challenged
claims. Indeed, as discussed above, the claimed subject matter appears to be well-
known micromirror design features that would have been obvious to combine at the
time of the alleged invention. To the extent Patent Owner identifies evidence of
secondary considerations at a later point in the proceeding, I reserve the right to offer
my opinions to address it at that time.

XII. CONCLUSION

315. For the foregoing reasons, I am of the opinion that claims 1, 6-14, 28
and 32-39 of the *294 patent would have been obvious based on the prior art cited

herein.
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I hereby declare that all statements made herein of my own knowledge are
true and that all statements made on the information and belief are believed to be
true; I declare under penalty of perjury that the foregoing is true and correct, and
understand that willful false statements and the like are punishable by fine or

imprisonment, or both pursuant to 18 U.S.C. 1001.

Date: May 1 2024 Respectfully Submitted

Prof. Lambertus Hesselink, Ph.D.
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