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I. QUALIFICATIONS AND BACKGROUND INFORMATION

1. My education and experience are described more fully in my curriculum
vitae attached as Appendix A. For ease of reference, I have highlighted certain
information below.

2. My academic and professional background is in Physics, Mechanical
Engineering, Sensing, and Robotics, with a research specialization focused on
microfabricated physical sensors, and I have been working in those fields since the
completion of my Ph.D. more than 34 years ago. The details of my background
and education and a listing of all publications I have authored in the past 39 years
are provided in my curriculum vitae. Below I provide a short summary of my
education and experience which I believe to be most pertinent to the opinions that |
express here.

3. I received a B.S. in Physics from University of Minnesota, Minneapolis in
1983, and a Ph.D. in Physics from University of California at Berkeley in 1989. 1
was educated as a Physicist specializing in sensors and measurement. My Physics
Ph.D. thesis involved measurements of the heat capacity of monolayers of atoms
on surfaces, and relied on precision measurements of temperature and power using
time-varying electrical signals, and also on the design and construction of
miniature sensor components and associated electrical circuits for conditioning and

conversion to digital format.



4. After completion of my Ph.D. in Physics at U.C. Berkeley in 1989, I joined
the Jet Propulsion Laboratory (JPL) in Pasadena, CA, as a staff scientist, and began
working on miniature sensors and instruments for small spacecraft. This work
involved the use of silicon microfabrication technologies for miniaturization of the
sensors, and served as my introduction to the field of micro-electromechanical
systems (MEMS), or the study of very small mechanical sensors powered by
electricity and used for detection of physical and chemical signals.

5. While at JPL, we developed accelerometers, uncooled infrared sensors,
magnetometers, seismometers, force and displacement sensors, soil chemistry
sensors, miniature structures for trapping interstellar dust, and many other
miniature devices. Some of these projects led to devices that were launched with
spacecraft headed for Mars and for other interplanetary missions. Much of this
work involved the use of physical sensors for detection of small forces and
displacements using micromechanical sensors.

6. I am presently the Richard Weiland Professor at the Department of
Mechanical Engineering at Stanford University, where I have taught for the past 29
years. | am also currently the Senior Associate Dean of Engineering for Student
Affairs at Stanford.

7. For 29 years, I have taught courses on Sensors and Mechatronics at Stanford

University. The “Introduction to Sensors” course is a broad overview of all



sensing technologies, from thermometers, to inertial sensors, ultrasound devices,
flow sensors, optical and IR sensors, chemical sensors, pressure sensors, and many
others, and has included sensors based on changes in capacitance, resistance,
piezoelectricity. This course specifically included different mechanisms for
sensing heart rate, blood pressure, blood chemistry, cardiovascular blood flow and
pressure drops, intraocular pressure and other physiological measurements, as well
as activity monitoring (step counting, stair-counting, etc). I first taught this course
at Stanford in the Spring of 1994, and I offered this course at least annually until
2016, when my duties as Senior Associate Dean made this impractical, yet have
continued to offer this course periodically since, including these last two years.

8. The “Introduction to Mechatronics™ course 1s a review of the mechanical,
electrical and computing technologies necessary to build systems with these
contents, which include everything from cars and robots to cellphones and other
consumer electronics devices. In this class, we routinely use IR, LEDs, and
photosensors as a way of detecting proximity to objects in the space around
miniature robots. We also use inertial sensors to detect movement, and a number
of other optical-based sensors, such as encoders to measure changes in position and
trajectory. I was one of the instructors for the first offering of this course in 1995,
and this course has been offered at least once each year ever since, with plans

already underway for the Winter 2024 offering.



9. I am co-author of a textbook titled “Introduction to Mechatronic Design,”
which broadly covers the topic of integration of mechanical, electronic and
computer systems design into “smart products.” This textbook includes chapters
on Microprocessors, Programming Languages, Software Design, Electronics,
Sensors, Signal Conditioning, and Motors, as well as topics such as Project
Management, Troubleshooting, and Synthesis.

10. My research group has focused on the area of microsensors and
microfabrication—a domain in which we design and build micromechanical
sensors using silicon microfabrication technologies. The various applications for
these technologies are numerous.

11. I have advised 75 Ph.D. students that have completed Ph.D. degrees and
many more M.S. and B.S. students in Engineering during my time at Stanford.
The research carried out with these Ph.D. students routinely includes measurement
of signals which contain information and noise from the background, and require
development of methods for identifying the information and noise components of
the signal and then implementing filters, subtractions, correlations etc., as needed
to produce clear signals as needed for the analysis.

12. I have published over 250 technical papers in refereed journals and

conferences in the field of sensors, MEMS, and measurements. I have further



presented numerous conference abstracts, posters, and talks in my field. [ am a
named inventor on 50 patents in my areas of work.

13. Iserved as General Chair or Technical Program Committee Chair for the
International Conference on Solid State Sensors and Actuators (“Transducers™) in
2003 and 2015, for the Hilton Head Workshop on Solid State Sensors and
Actuators in 2002 and 2004, for the IEEE Sensors Conference in 2009 and 2010,
and on technical program committees for several other conferences. These
conferences included technical sessions on capture of signals in the presence of
environmental noise sources, and processing to remove the portion of the signal
that comes from the environmental sources. I served from 2016 to 2022 as
President of the Transducers Research Foundation, a private foundation that
oversees technical conferences in the areas of micromechanical sensors, actuators
and systems, energy harvesting, microtechnologies for medicine and biology, and
raises funds to support growth of the community, primarily by providing travel
assistance for students to attend technical meetings.

14. I received the Office of the Secretary of Defense Award for Exceptional
Public Service in 2010, the IEEE Sensors Council Technical Achievement Award
in 2011, and was named Fellow of the ASME in 2014. 1 was awarded the 2018
IEEE Daniel Noble Award for Emerging Technologies. In 2022, I was elected to

the National Academy of Engineering.



15. Thave previously served as an expert on a patent infringement case
involving the mounting and use of pressure sensors on guidewire catheters for
cardiovascular procedures that included a number of sensing aspects, such as
recording static and dynamic pressure signals, and compensating for electrical and
mechanical errors. | have also previously served as an expert on a patent
infringement case involving the design and use of miniature inertial sensors. That
case involved the design and operations of micromechanical sensors, and
particularly the use of inertial sensors for detection of states of movement and rest.
I have also served as an expert in a patent infringement case involving the use of
sensors on athletic shoes for determining athletic performance. More recently, I
served as an expert in a patent infringement case involving optical proximity
sensors in smartphones and in a case related to technologies related to
physiological sensors for measurement of parameters such as heart rate. My CV is
attached as Exhibit A and includes a full listing of all cases in which I have
testified at deposition or trial in the preceding four years.

16. I have been retained on behalf of Apple Inc. to offer technical opinions
relating to U.S. Patent No. 10,984,911 (“the 911 patent”) and prior art references
relating to its subject matter. I have reviewed the 911 patent (APPLE-1001) and
relevant excerpts of the prosecution history of the *911 patent (APPLE-1002). 1

have also reviewed the following prior art references:



e U.S. Patent Application Publication No. 2004/0039272 to Abdul-
Hafiz et al. (“Abdul-Hafiz”) (APPLE-1004)

e U.S. Patent No. 6,014,576 to Raley (“Raley”) (APPLE-1005)

e U.S. Patent No. 5,188,108 to Secker (“Secker”) (APPLE-1006)

e U.S. Patent No. 5,983,122 to Jarman et al. (“Jarman”) (APPLE-1007)

e U.S. Patent No. 5,413,100 to Barthelemy et al. (APPLE-1008)

e U.S. Patent No. 6,721,585 to Parker (“Parker”) (APPLE-1009)

e U.S. Patent No. 5,720,284 to Aoyagi et al. (“Aoyagi”) (APPLE-1010)

e Excerpts from Webster, Design of Pulse Oximeters, Institution of

Physics Publishing (1997) (“Webster””) (APPLE-1011)

e U.S. Patent No. 5,692,503 to Kuenstner (“Kuenstner””) (APPLE-1012)
17. Counsel has informed me that I should consider these materials through the
lens of one of ordinary skill in the art related to the 911 patent at the time of the
earliest possible priority date of the 911 patent, and I have done so during my
review of these materials. The 911 patent was issued from U.S. Patent Application
No. 17/028,655, filed on September 22, 2020, which claims priority to U.S.
Provisional Application Nos. 60/657,281; 60/657,268; 60/657,759; and 60/657,596
filed March 1, 2005 (“the Critical Date”). Counsel has informed me that the
Critical Date represents the earliest possible priority date to which the challenged

claims of ’911 patent are entitled, and I have therefore used that Critical Date in

my analysis below.
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18. I have no financial interest in the party or in the outcome of this proceeding.
I am being compensated for my work as an expert on an hourly basis. My
compensation is not dependent on the outcome of these proceedings or the content
of my opinions.

19. In writing this declaration, I have considered the following: my own
knowledge and experience, including my work experience in the fields of
mechanical engineering, computer science, biomedical engineering, and electrical
engineering; my experience in teaching those subjects; and my experience in
working with others involved in those fields. In addition, I have analyzed various
publications and materials, in addition to other materials I cite in my declaration.
20. My opinions, as explained below, are based on my education, experience,
and expertise in the fields relating to the 911 patent. Unless otherwise stated, my
testimony below refers to the knowledge of one of ordinary skill in the fields as of
the Critical Date, or before. Any figures that appear within this document have
been prepared with the assistance of Counsel and reflect my understanding of the
’911 patent and the prior art discussed below.

II. OVERVIEW OF CONCLUSIONS FORMED

21.  This declaration explains the conclusions that I have formed based on my
analysis. To summarize those conclusions, based upon my knowledge and

experience and my review of the prior art publications listed above, I believe that:
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e (Claims 1,6, 8,10, 15, 17, 19-21, 26, and 28 are rendered obvious by
Abdul-Hafiz in view of Raley (Ground 1A).
e C(Claims 2-4, 11-13, and 23-25 are rendered obvious by Abdul-Hafiz in
view of Raley and Secker (Ground 1B).
III. LEVEL OF ORDINARY SKILL IN THE ART

22. In my opinion, a person of ordinary skill in the art relating to the subject
matter of the 911 Patent as of March 1, 2005 (“POSITA” or “one of ordinary
skill”) would have had a Bachelor of Science degree in electrical engineering,
mechanical engineering, biomedical engineering, computer engineering, physics,
or a related field, with at least one to two years of relevant work experience with
capture and processing of data or information including but not limited to
physiological information, or equivalents thereof. A greater amount of education,
i.e., a doctorate in electrical engineering, mechanical engineering, biomedical
engineering, computer engineering, physics, or a related field would also qualify
for the hypothetical person of ordinary skill in the art in lieu of fewer years of work
experience. Additional education or industry experience may compensate for a
deficit in one of the other aspects of the requirements stated above.

23. Based on my experiences I have a good understanding of the capabilities of
one of ordinary skill. Indeed, I have taught, participated in organizations, and
worked closely with many such persons over the course of my career. Based on my

knowledge, skill, and experience, I have an understanding of the capabilities of one

12



of ordinary skill. For example, from my industry experience, I am familiar with
what an engineer would have known and found predictable in the art. From
teaching and supervising my post-graduate students, I also have an understanding
of the knowledge that a person with this academic experience possesses.
Furthermore, I possess those capabilities myself.

IV. LEGAL STANDARDS
A.  Terminology

24. I have been informed by Counsel and understand that the best indicator of
claim meaning is its usage in the context of the patent specification as understood
by one of ordinary skill. I further understand that the words of the claims should be
given their plain meaning unless that meaning is inconsistent with the patent
specification or the patent’s history of examination before the Patent Office.
Counsel has also informed me, and I understand that, the words of the claims
should be interpreted as they would have been interpreted by one of ordinary skill
at the time of the invention was made (not today). Because I do not know at what
date the invention as claimed was made, I have used the earliest possible priority
date of the 911 patent as the point in time for claim interpretation purposes. That
date was March 1, 2005, the Critical Date.

B. Legal Standards for Anticipation

25. I have been informed by Counsel and understand that documents and

materials that qualify as prior art can render a patent claim unpatentable as
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anticipated. I am informed by Counsel and understand that all prior art references
are to be looked at from the viewpoint of a person of ordinary skill in the art.

26. I am informed by Counsel and understand that a challenged claim is
unpatentable as “anticipated” under 35 U.S.C. § 102 if it is determined that all the
limitations of the claim are described in a single prior art reference. I am informed
by Counsel and understand that, to anticipate a claim, a prior art reference must
disclose, either expressly or inherently, each and every limitation of that claim and
enable one of ordinary skill in the art to make and use the invention.

27. Ihave been informed by Counsel and understand that in an inter partes
review, “the petitioner shall have the burden of proving a proposition of
unpatentability,” including a proposition of anticipation, “by a preponderance of
the evidence.” 35 U.S.C. § 316(e).

C. Legal Standards for Obviousness

28. I have been informed by Counsel and understand that documents and
materials that qualify as prior art can render a patent claim unpatentable as
obvious. I am informed by Counsel and understand that all prior art references are
to be looked at from the viewpoint of a person of ordinary skill in the art at the
time of the invention, and that this viewpoint prevents one from using his or her

own insight or hindsight in deciding whether a claim is obvious.
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29. I have been informed by Counsel and understand that a claim is unpatentable
for obviousness under 35 U.S.C. § 103 (in the pre-AIA form of that statute that
applies to the *911 patent) “if the differences between the subject matter sought to
be patented and the prior art are such that the subject matter as a whole would have
been obvious at the time the invention was made to a person having ordinary skill
in the art to which said subject matter pertains.” I am informed by Counsel and
understand that obviousness may be based upon a combination of references. I am
informed by Counsel and understand that the combination of familiar elements
according to known methods is likely to be obvious when it does no more than
yield predictable results. However, I am informed by Counsel and understand that
a patent claim composed of several elements is not proved obvious merely by
demonstrating that each of its elements was, independently, known in the prior art.
30. Iam informed by Counsel and understand that when a patented invention is
a combination of known elements, a court must determine whether there was an
apparent reason to combine the known elements in the fashion claimed by the
patent at issue by considering the teachings of prior art references, the effects of
demands known to people working in the field or present in the marketplace, and
the background knowledge possessed by a person having ordinary skill in the art.
31. I am informed by Counsel and understand that identifying a reason those

elements would be combined can be important because inventions in many
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instances rely upon building blocks long since uncovered, and claimed discoveries
almost of necessity will be combinations of what, in some sense, is already known.
I am informed by Counsel and understand that it is improper to use hindsight in an
obviousness analysis, and that a patent’s claims should not be used as a “roadmap.”
32. I am informed by Counsel and understand that an obviousness inquiry
requires consideration of the following factors: (1) the scope and content of the
prior art; (2) the differences between the claims and the prior art; (3) the level of
ordinary skill in the pertinent art; and (4) any objective indicia of non-obviousness,
such as commercial success, long-felt but unresolved need, failure of others,
industry recognition, copying, and unexpected results. I understand that the
foregoing factors are sometimes referred to as the “Graham factors.”

33. Ihave been informed by Counsel and understand that an obviousness
evaluation can be based on a combination of multiple prior art references. I
understand that the prior art references themselves may provide a suggestion,
motivation, or reason to combine, but that the nexus linking two or more prior art
references is sometimes simple common sense. I have been informed by Counsel
and understand that obviousness analysis recognizes that market demand, rather

than scientific literature, often drives innovation, and that a motivation to combine

references may be supplied by the direction of the marketplace.
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34. I have been informed by Counsel and understand that if a technique has been
used to improve one device, and a person of ordinary skill at the time of invention
would have recognized that it would improve similar devices in the same way,
using the technique is obvious unless its actual application is beyond his or her
skill.

35. Ihave been informed by Counsel and understand that practical and common
sense considerations should guide a proper obviousness analysis, because familiar
items may have obvious uses beyond their primary purposes. I have been informed
by Counsel and understand that a person of ordinary skill looking to overcome a
problem will often be able to fit together the teachings of multiple prior art
references. I have been informed by Counsel and understand that obviousness
analysis therefore takes into account the inferences and creative steps that a person
of ordinary skill would have employed at the time of invention.

36. 1have been informed by Counsel and understand that a proper obviousness
analysis focuses on what was known or obvious to a person of ordinary skill at the
time of invention, not just the patentee. Accordingly, I understand that any need or
problem known in the field of endeavor at the time of invention and addressed by
the patent can provide a reason for combining the elements in the manner claimed.
37. 1have been informed by Counsel and understand that a claim can be obvious

in light of a single reference, without the need to combine references, if the
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elements of the claim that are not found explicitly or inherently in the reference
can be supplied by the common sense of one of skill in the art.

38. I have been informed by Counsel and understand that secondary indicia of
non-obviousness may include (1) a long felt but unmet need in the prior art that
was satisfied by the invention of the patent; (2) commercial success of processes
covered by the patent; (3) unexpected results achieved by the invention; (4) praise
of the invention by others skilled in the art; (5) taking of licenses under the patent
by others; (6) deliberate copying of the invention; (7) failure of others to find a
solution to the long felt need; and (8) skepticism by experts. I understand that
evidence of secondary indicia of non-obviousness, if available, should be
considered as part of the obviousness analysis.

39. Ihave been informed by Counsel and understand that there must be a
relationship between any such secondary considerations and the invention, and that
contemporaneous and independent invention by others is a secondary consideration
supporting an obviousness determination.

40. In sum, my understanding is that prior art teachings are properly combined
where one of ordinary skill having the understanding and knowledge reflected in
the prior art and motivated by the general problem facing the inventor, would have
been led to make the combination of elements recited in the claims. Under this

analysis, the prior art references themselves, or any need or problem known in the
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field of endeavor at the time of the invention, can provide a reason for combining
the elements of multiple prior art references in the claimed manner.

41. I have been informed by Counsel and understand that in an inter partes
review, “the petitioner shall have the burden of proving a proposition of
unpatentability,” including a proposition of obviousness, “by a preponderance of
the evidence.” 35 U.S.C. § 316(e).

V. THE 911 PATENT
A. Overview of the 911 Patent

42. The *911 patent describes “a physiological measurement system 10 having a
monitor 100 and a multiple wavelength sensor assembly 200,” as shown in FIG. 1,
that purportedly provides “enhanced measurement capabilities as compared with
conventional pulse oximetry.” APPLE-1001, 5:34-37. According to the *911
patent, “the multiple wavelength sensor assembly 200 allows the measurement of
blood constituent and related parameters in addition to oxygen saturation and pulse
rate” or “the measurement of oxygen saturation and pulse rate with increased
accuracy or robustness as compared with conventional pulse oximetry.” APPLE-

1001, 5:39-45.
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physiological measurement system

10
monitor v

200
sensor assembly

FIG. 1
APPLE-1001, FIG. 1!

43. The multiple wavelength sensor assembly 200 of the 911 patent has a
sensor 400, one embodiment of which is shown in FIG. 46. APPLE-1001, 5:12-
13, 5:52-54, 19:5-27. The sensor 400 has an emitter assembly 500 housed by an
emitter shell 3800 and an emitter pad 3000 and a detector assembly 2400 housed
by a detector shell 3900 and a detector pad 3100. APPLE-1001, 19:5-15. The
detector assembly 2400 inserts into a shoe box 3200, and the shoe box 3200 inserts
into the detector pad 3100. APPLE-1001, 19:15-17. “The emitter assembly 500 is

configured to transmit optical radiation having multiple wavelengths into the tissue

! Annotations and color added to figures unless otherwise noted.
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site,” and the “detector assembly 2400 is configured to generate a sensor signal”
“responsive to the optical radiation after tissue attenuation.” APPLE-1001, 9:4-9,

9:35-38.

shoe box

:3200 A)

detector detector
pad 2400 assembly

450
420 %
@ ) 3900

APPLE-1001, FIG. 46

44. The emitter assembly 500 includes multiple light emitting diodes that
transmit optical radiation having multiple wavelengths, “advantageously allowing

multiple parameter measurements,” according to the 911 patent. APPLE-1001,
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6:56-63, 7:14-21. In one embodiment, the light emitting diodes include “eight

99 ¢¢

LEDs having nominal wavelengths” “adapted to a physiological measurement
system 10 (FIG. 1) for measuring HbCO [(carboxyhemoglobin)] and/or METHb
[(methemoglobin)] in addition to S;O2 [(oxygen saturation)] and pulse rate.”
APPLE-1001, 8:7-13, 2:28-30, 3:19-26.

45. In an embodiment shown in FIG. 24, the detector assembly 2400 includes a
detector 2410 and an EMI shield 2440 folded around the detector 2410. APPLE-
1001, 13:38-47. In the *911 patent, the “detector assembly 2400 is housed in an

enclosure so as to reduce light piping from the emitter assembly to the detector

assembly without passing through the fingertip tissue.” APPLE-1001, 6:45-47.
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detector assembly

2400 \

2430

2420

<7~ 2410 detector

N\ \\2460 %}g{

e

2442

22207 .,,, 2440 EMI shield

FIG. 24
APPLE-1001, FIG. 24

46. FIG. 31B illustrates a detector pad 3100 having a shoe box cavity 3120 that
accommodates a shoe box 3200 shown in FIGS. 32A and 32B. APPLE-1001,
15:4-23. The shoe box 3200 accommodates the detector assembly 2400. Id. “A
detector window 3210 provides an optical path from a tissue site to the detector
2410.” Id. The “shoe box 3200 is colored black or other substantially light
absorbing color.” Id. The “detector assembly 2400 inserts into [the] shoe [box]
3200, and the shoe [box] 3200 inserts into the detector pad 3100.” APPLE-1001,

19:15-17.
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detector pad

shoe box

cavity 3110
3120

shoe box

f 3200

3220

bottom view top view

FIG. 31B FIG. 32A FIG. 32B

APPLE-1001, FIGS. 31B, 32A, 32B

47.  Prior to the Critical Date of the 911 patent, numerous products,
publications, and patents existed that implemented or described the methodology
and apparatus claimed in the *911 patent. Specifically, the use of a shoebox-
shaped optical housing for a detector was well established. Such enclosures were
well-established as a means for providing a light barrier for ambient light and
reduction of piped light. Such opaque enclosures provided a low-noise package for
optical sensors by limiting the exposure to external electromagnetic sources, and
typically provided only one opening through which light passes to the detector,
where this opening had an area smaller than the detection surface area of the

detector so as to limit the pathways for ambient or piped light to reach the detector.
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These characteristics and features were well understood and widely-used to
provide improved performance for wearable systems designed for optical detection
of signals associated with physiological parameters. The methodology and
apparatus of the *911 patent was therefore well-known in the prior art as of the
Critical Date. Further, to the extent there was any problem to be solved in the *911
patent, these problems had already been solved in the prior art systems before the
Critical Date of the 911 patent as I discuss below.

B.  Prosecution History of the 911 Patent

48. Application Serial No. 17/028,655 that issued as the 911 patent was filed on
September 22, 2020 with 20 claims. APPLE-1001, cover page (22); APPLE-1002,
96-99. The original 20 claims were canceled, and new claims 21-49 were added in
a preliminary amendment dated October 22, 2020. APPLE-1002, 183-189.

49. In an office action dated November 9, 2020, claims 21-49 were rejected over
U.S. Patent No. 6,580,086 to Schulz et al. in view of U.S. Patent No. 5,355,880 to
Thomas et al. APPLE-1002, 195-202. The Examiner further considered U.S.
Patent No. 5,313,940 to Fuse et al. as pertinent to the 911 patent’s disclosure. /d.
50. In aresponse dated February 9, 2021, the applicant amended independent
claim 21 to recite that “a top of the shoebox structure includes only one opening
through which light is configured to pass,” independent claim 30 to include “an

electromagnetic interference shield positioned between the at least three LEDs and
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the at least one detector,” and independent claim 39 to recite that “a top of the light
block comprises only one opening through which light is configured to pass.”
APPLE-1002, 291-300. The Applicant stated in a summary of interview that the
Examiner agreed that the claims as amended overcome the outstanding rejections.
Id.; APPLE-1002, 310.

51. On March 3, 2021, the examiner allowed the claims, with the following
stated reasons for allowance:

However, the combination of Schultz et al. in view of Thomas et
al. fails to disclose a light block surrounding the at least one
detector, the light block comprising a shoebox structure configured
to recess the at least one detector into the shoebox structure,
wherein the shoebox structure is formed of a black material, the
shoebox structure further comprising a window on a top portion of
the shoebox structure, the window comprising an area smaller than
a detection surface area of the at least one detector, in combination

with remaining claimed features.

APPLE-1002, 314-320.

VI. SUMMARY OF THE PRIOR ART
A. Overview of Abdul-Hafiz

52. Abdul-Hafiz (filed July 31, 2003, based on provisional application filed
August 1, 2002) describes “a pulse oximetry system 100 having a sensor 110

applied to a patient, a monitor 160 and a patient cable 140 connecting the sensor
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110 and the monitor 160,” shown in FIG. 1. APPLE-1004, [0002]. “The sensor
110 is attached to a tissue site, such as an adult patient’s finger (as shown).” Id.
“The sensor 110 is configured with both red and infrared LEDs 112 (hidden) that,
for finger attachment, project light through the fingernail and into the blood vessels
and capillaries underneath.” Id. “A photodiode 114 (not visible) is positioned at
the finger tip opposite the fingernail so as to detect the LED emitted light as it

emerges from the finger tissues.” Id.

pulse oximetry system

Uine photodiode
FIG. 1 (Prior Art)

APPLE-1004, FIG. 1

53.  Abdul-Hafiz explains that “[e]mitted light 210 is projected from the LEDs

112 into the fingernail bed,” shown in FIG. 2. APPLE-1004, [0003]. “Received
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light 220 propagates through the finger tissues to the detector 114, subject to
absorption and scattering, to generate a desired sensor signal.” Id. “Light which
illuminates the detector 114 without propagating through the finger is unwanted
optical ‘noise’ that corrupts the desired sensor signal.” Id. “Noise sources include
ambient light 230 and piped light 240.” Id. “Ambient light 230 is transmitted to
the detector 114 from external light sources, 1.e. light sources other than the LEDs
112.” Id. “Piped light 240 is stray light from the LEDs 112 that is transmitted
around a tissue site along a light conductive surface, such as a reflective inner
surface of face stock material, directly to the detector 114.” Id.

LEDS
210 emitted light

T‘?\
/ 2s0 piped light

A\ |/

received light 220 /71 nadetector

~

230

ambient light

FIG. 2 (Prior Art)
APPLE-1004, FIG. 2

54. Abdul-Hafiz provides a shielded detector assembly 1000 incorporating “a
low noise optical housing 400,” shown in FIGS. 4A-4C, 5A-5D, and 6A-6B.

APPLE-1004, [0017]-[0020], [0033], [0039]. “The housing 400 is configured to
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accept a detector 820 (FIGS. 6A-B) and provide ambient light and piped light
reduction.” APPLE-1004, [0033]. The “detector 820 is enclosed in the optical
housing 400” “so that the active area of the photodiode chip 821 is aligned with the
housing aperture 470.” APPLE-1004, [0039]. An EMI shield 1010 also encloses
the detector 820, and a corresponding flexible circuit assembly 801 exits the
housing 400 between the base 460 and the flange 420. Id. Abdul-Hafiz’s FIG. 6A
shows that the aperture 470 has an area smaller than the detector active area. In
this regard, Abdul-Hafiz discloses a low-noise optical enclosure that addresses the
problems of extraneous light and piped light. Further, Abdul-Hafiz provides an
enclosure which is shaped like a shoebox, and which features a single optical
opening which is smaller than the active area of the detector.

shielded detector assembly

low noise

. . 1000
optical housin
P 400 &

agtive area of detector

LT 0 ) 420 flange
L H 1( [ | —
o470 N0 - 460 \t 801 flexible
aperture detector base circuit
FIG. A assembly

APPLE-1004, FIG. 6A

55. The detector assembly 1000 is incorporated into a sensor 750 shown in FIG.

7C. APPLE-1004, [0041]. The connector end 759 “has a plug portion configured
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to insert into a mating patient cable connector so as to mechanically and
electrically connect the sensor [750] to a patient cable 140 (FIG. 1).” APPLE-
1004, [0040]-[0041] (“The connector end 759 is similar to that described with

respect to FIGS. 7A-7B, above.”).

Sensor

( 750

FIG.7C
APPLE-1004, FIG. 7C

B.  Overview of Raley

56. Raley (filed February 27, 1998) is related to “medical monitoring probes
used in photoplethysmographic monitors.” APPLE-1005, 1:6-7. Raley explains
that “[o]ne of the primary uses of photoplethysmography has been the monitoring
of the oxygen saturation of a patient’s blood,” but “there is a desire to expand the

use of photoplethysmography into the monitoring of additional blood analytes such
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as carboxyhemoglobin, methemoglobin and other dyshemoglobins.” APPLE-
1005, 1:39-45.

57. Raley explains that a “pulse oximeter instrument makes use of a plurality of
light-emitting devices, each of which transmits light at a predetermined
wavelength, which wavelengths are selected such that at least one is highly
absorbed by oxygenated hemoglobin in the arterial blood and at least one is highly
absorbed by reduced hemoglobin in the arterial blood.” APPLE-1005, 3:17-23.
According to Raley, it is “also possible to measure additional analytes in the
arterial blood, such as additional dyshemoglobins, with one additional wavelength
of light for each component.” APPLE-1005, 3:33-36. Raley further explains that
“a photoplethysmographic instrument designed to generate four blood analyte
levels” uses “at least four separate emitters each producing light with a distinct
spectral content.” APPLE-1005, 4:5-9. In this regard, Raley addresses the
opportunity to determine four or more physiological parameters through the use of
four or more light emitters at four or more different wavelengths.

58. In a specific embodiment, Raley describes a monitor “capable of measuring
a plurality of blood analyte concentrations such as O2Hb, RHb, COHb and
MetHB” that uses a probe 40 having a “plurality of emitters 21, 22, 23 and 24” that
“may be light-emitting-diodes (LED’s)” and “each emit light having a distinct

spectral content characterized by a distinct center wavelength denoted by A1 A2 A3
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and A+.” APPLE-1005, 3:52-4:3. “The intensity of light transmitted through the
tissue under test is measured by one or more photodetectors 13” that provide “a
signal corresponding to the intensity of light received denoted Ii1, Ir2, 1z and Lrs.”
APPLE-1005, 4:29-33. The monitor determines “an estimate of the blood analyte

levels” based on the intensity signals. APPLE-1005, 4:33-44.

probe ®

—0ne or more FIG.4
photodetectors four LEDs

21222324

2%a FIG.3

APPLE-1005, FIGS. 3, 4

C. Overview of Secker

59. Secker “relates to an apparatus for non-invasive measurement of oxygen
saturation.” APPLE-1006, 5:1-14. Secker’s “sensor may be used to operate

precisely with patients of different tissue characteristics.” APPLE-1006, 6:4-20.
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Secker discloses that its sensor can include “three, four, five etc. second
transmitters in order to provide a greater variety of sensor application/tissue
characteristics” and that “a multiplicity of first transmitters may be used.” Id. For
example, Secker discloses a sensor with “2n first transmitters and 2n second
transmitters.” Id.

60. Secker discloses that this type of sensor “with at least more than one light
path of a certain wavelength through human tissue, where one of these light paths
can be selected dependent on the application or structure of the tissue, may also be
adapted for application to a specific part of the human body (e.g. a limb).”
APPLE-1006, 6:38-43, 14:52-63. Secker further discloses selecting “certain
transmitter(s) and/or certain receiver(s) depending on the place of application,”
which “allows very precise adaptation conditions of measurement by selecting the
appropriate transmitters/receivers and therefore of the light paths.” APPLE-1006,
6:54-7:40, 14:64-15:29.

61. Secker describes a sensor with “a multiplicity of transmitter LEDs of one
wavelength and a further multiplicity of transmitter LEDs of a second wavelength”
shown in FIG. 8 below. APPLE-1006, 15:35-46. In one example, the sensor
includes “red LEDs 70a to 70d and 71a to 71d as well as infrared LEDs 72a to 72d
and 73ato 73d.” Id. According to Secker, such “a sensor may be used, in

conjunction with an appropriate oximeter, for very precise manual or automatic
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adaptation to different kinds of measurement by selecting an appropriate red
LED/infrared LED combination.” Id.
700 70b 70c 70d 7lo 73(1 73b 73cjid
72072 72c 724 Tla Tb “Tic 714
FIG.8

APPLE-1006, FIG. 8

VII. GROUND 1A—Claims 1, 6, 8, 10, 15, 17, 19-21, 26, and 28 are
rendered obvious by Abdul-Hafiz and Raley

A. Combination of Abdul-Hafiz and Raley

62. As detailed below, a POSITA would have understood the similar objectives
and complimentary benefits of the inventions described by Abdul-Hafiz and Raley
(hereinafter “Abdul-Hafiz+Raley”) and would have been motivated to combine
these inventions in order to provide improved systems for measurements of
physiological parameters.

63. As discussed above in Section VI.A, Abdul-Hafiz discloses that “[p]ulse
oximetry is a widely accepted noninvasive procedure for measuring the oxygen
saturation level of arterial blood, an indicator of a person’s oxygen supply.”
APPLE-1004, [0002]. For this purpose, Abdul-Hafiz provides a “pulse oximetry
system 100 that includes “a sensor 110” that “is configured with both red and

infrared LEDs 112 that “for finger attachment, project light through the fingernail
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and into the blood vessels and capillaries underneath” and a “photodiode 114” “to
detect the LED emitted light as it emerges from the finger tissues.” APPLE-1004,
[0002]. Abdul Hafiz further describes a low-noise enclosure for the detector that
reduces the influence of extraneous light and piped light, as well as external
electromagnetic noise sources. See supra Section VI A.

64. As discussed above in Section VI.B, Raley discloses that although “[o]ne of
the primary uses of photoplethysmography has been the monitoring of the oxygen
saturation of a patient’s blood,” “there is a desire to expand the use of
photoplethysmography into the monitoring of additional blood analytes such as
carboxyhemoglobin, methemoglobin and other dyshemoglobins.” APPLE-1005,
1:39-45. To monitor additional blood analytes, Raley provides a probe for use
with a photoplethysmographic monitor. APPLE-1005, 3:52-57. The probe
includes at least four LEDs each emitting light having a distinct spectral content
characterized by a distinct center wavelength “for measuring three or four blood
analytes such as oxyhemoglobin, deoxyhemoglobin, carboxyhemoglobin and
methemoglobin” and “one or more photodetectors” to measure the “intensity of
light transmitted through the tissue.” APPLE-1005, 3:52-4:9, 4:29-44, 5:63-6:2.
The monitor includes a data processing circuit that executes data processing
instructions stored in memory to determine an estimate of the blood analyte levels

based on the intensity signals. APPLE-1005, 4:29-44.
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65. A POSITA seeking to implement Abdul-Hafiz’s pulse oximetry system
would have found it obvious based on Raley’s teachings to arrive at a predictable
configuration of a pulse oximetry system (an example shown below), simply by
adding two or more LEDs to the Abdul-Hafiz system, leading to a system having a
sensor with at least four LEDs with distinct center wavelengths and one or more
photodetectors to measure the intensity of the light emitted by the four LEDs, and a
data processing circuit, modified relative to the system of Abdul-Hafiz to
accommodate two or more additional signals, that executes data processing
instructions stored in memory to determine an estimate of three or four blood
analyte levels based on the four or more light intensity signals, while retaining the
benefits of the low-noise enclosure for the detectors in Abdul-Hafiz. APPLE-
1005, 3:52-4:9, 4:29-44, 5:63-6:2. A POSITA would understand that these
benefits provided by the disclosures of Abdul-Hafiz and Raley are additive, in that
the combination of the features from these two disclosures can provide the sum of
the benefits discussed with respect to these two disclosures. Specifically, the low-
noise enclosure of Abdul-Hafiz would improve the ability to capture the optical
signals from light passing through tissue with less noise, therefore improving the
quality of the signals from the detectors and providing a more accurate
determination of the physiological parameters described in Raley. Further, the

addition of several more LEDs as described by Raley to the system of Abdul-Hafiz
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would enable capture of signals at additional wavelengths, which enables detection
of a larger set of important physiological parameters. A POSITA would appreciate
that the elements of these disclosures are easily combined by adding LEDs
discussed in Raley to the Abdul-Hafiz low-noise enclosure, and extending the
signal processing algorithm to receive and process signals from more LEDs. A
POSITA would further appreciate that this combined system of Abdul-Hafiz and
Raley would exhibit the expected benefits arising from the combination of these
elements.

66. As I discuss in more detail below in element 1[e], it was well known to a
POSITA to determine several physiological parameters with systems such as that
taught by Abdul-Hafiz simply by adding LEDs to generate light at additional
wavelengths. For example, Kuenster (filed March 10, 1995) is a relatively early
reference providing motivation for use of multiple wavelengths in systems
intended for characterization of blood, and also provides detailed teaching of the
use of multiple wavelengths to determine multiple physiological parameters.
APPLE-1012, 4:30-38, 5:27-29, 4:5-17. A POSITA at the time of the *911 patent
would have been aware of these well-established concepts for use of multiple light
sources at multiple different wavelengths, as well as the detailed methods for their

use, and would therefore appreciate the benefits of the Abdul-Hafiz+Raley
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combination, including use of low-noise enclosure for the detector and four or

more light sources providing light at four or more wavelengths.
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Abdul-Hafiz’s pulse oximetry system modified in view of Raley
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APPLE-1004, FIGS. 1, 7C; APPLE-1005, FIGS. 3, 4 (partial)
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67. Specifically, a POSITA would have found it obvious and would have been
motivated to incorporate Raley’s teachings into Abdul-Hafiz’s pulse oximetry
system to expand the use of photoplethysmography into the monitoring of
additional blood analytes. APPLE-1005, 1:39-45, 3:52-4:9, 5:63-6:2. A POSITA
would understand that blood oxygenation can be adversely affected by the
generation of additional hemoglobin species, called dyshemoglobins. APPLE-
1007, 1:19-36. For example, carboxyhemoglobin is generated when carbon
monoxide molecules bind to the hemoglobin in blood. /d. An accurate
measurement of carboxy hemoglobin concentration in the patient’s blood may be
needed when the patient is a smoker or if carbon monoxide poisoning is suspected.
Id.; APPLE-1011, 54 (“Increased levels of COHDb, for example, will cause an
overestimation in S;O2 because the pulse oximeter cannot distinguish between
HbO; and COHb. In cases of carbon-monoxide poisoning, this could have terrible
consequences if the clinician is unaware.”). Additionally, elevated methemoglobin
levels in the blood can be caused by various medications, illegal drugs, and certain
pathological conditions such as sickle cell anemia. APPLE-1007, 1:19-36.
Therefore, a POSITA would have appreciated that measurement of the

methemoglobin concentration is useful and important during patient evaluation.

1d.
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68. In this regard, a POSITA would have found it obvious and would have been
motivated to incorporate Raley’s teachings into Abdul-Hafiz’s pulse oximetry
system to further compensate for errors in the measurement of oxygen saturation
due to the presence of carboxyhemoglobin and methemoglobin in the blood in
above normal levels. APPLE-1007, 1:63-2:14; APPLE-1008, 3:25-37. A POSITA
understood that if carboxyhemoglobin or methemoglobin is present in the blood in
above normal levels, a conventional two-wavelength pulse oximeter will give
falsely high readings for the arterial oxygen saturation. /d.

69. Moreover, a POSITA would have viewed the implementation of Abdul-
Hafiz’s pulse oximetry system in a manner that applied Raley’s teachings by
including four or more light sources providing light at four or more wavelengths
into the system of Abdul-Hafiz as straightforward and beneficial. A POSITA
would have expected that the combination of these elements would provide the
predictable result associated with this combination (e.g., a pulse oximetry system
having a low-noise enclosure for one or more detectors, and with at least four
LEDs with distinct center wavelengths and one or more detectors to measure the
intensity of the light emitted by the four LEDs, and a data processing circuit that
executes data processing instructions stored in memory to determine an estimate of
three or four blood analyte levels based on the intensity signals) of combining

known prior art elements according to known methods, and would have expected
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success in enhancing Abdul-Hafiz’s system in this way. The addition of two or
more LEDs to the system of Abdul-Hafiz resulting in four or more LEDs would
have been well within the capabilities of a POSITA having already developed a
system such as described by Abdul-Hafiz. Doing so would constitute the addition
of at least two LEDs, along with accompanying circuitry and mounting structures.
A POSITA would have appreciated that the mounting structures and circuits for
the additional LEDs would be similar to if not identical to the mounting structures
and circuitry already implemented for the red and infrared LEDs taught by Abdul-
Hafiz. Further, as Abdul-Hafiz relies on processing signals associated with light
propagation at two wavelengths, and Raley relies on processing of signals
associated with light propagation at four wavelengths, a POSITA would have
appreciated that the approaches and methods for signal processing in these two
references are related, and that it would have been straightforward to extend from a
two-wavelength processing system to a four-wavelength processing system.

70. A POSITA would have understood that Raley’s teachings are applicable to a
photoplethysmographic monitor such as Abdul-Hafiz’s pulse oximetry system and
would be implemented in Abdul-Hafiz’s system in a manner that is similar to its
implementation in Raley’s system, with Raley’s suggestions merely
improving/adding to Abdul-Hafiz’s system. Adding two LEDs to a system that

already contains two LEDs would be a straightforward modification for a POSITA
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that was already relying on the system of Abdul-Hafiz, which included circuits and
data processing instructions for operating LEDs and gathering data associated with
signals at two wavelengths. The addition of two more LEDs, and modification of
the system to include two more sets of circuits and instructions would be well-
within the capabilities of a POSITA, especially considering that the circuits and
instructions for the third and fourth LED would be nearly identical to that of the
first and second LED.

71.  Therefore, given the similarities between Adbul-Hafiz and Raley, a POSITA
would have appreciated that the benefits provided by Raley’s teachings would
apply to Abdul-Hafiz’s system. Specifically, the addition of a third and fourth
LED would provide information about the blood at a third and fourth wavelength,
providing the opportunity to capture measurements of additional blood analytes as
described in Raley. A POSITA would have been motivated and would have found
it obvious and straightforward to implement the system of Abdul-Hafiz with the
teachings of Raley to provide a pulse oximetry system for measuring additional
blood analytes and/or for more accurately measuring oxygen saturation due to the
presence of carboxyhemoglobin and methemoglobin in the blood in above normal

levels.

B. Claim 1

1[p]. A physiological monitoring device comprising:
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72.  To the extent the preamble is limiting, the Abdul-Hafiz+Raley combination
satisfies element 1[p]. For example, Abdul-Hafiz discloses that “[pJulse oximetry
is a widely accepted noninvasive procedure for measuring the oxygen saturation
level of arterial blood, an indicator of a person’s oxygen supply.” APPLE-1004,
[0002]. Abdul-Hafiz provides “a pulse oximetry system 100 having a sensor 110
applied to a patient, a monitor 160 and a patient cable 140 connecting the sensor
110 and the monitor 160.” Id. “The sensor 110 1s attached to a tissue site, such as
an adult patient’s finger (as shown).” Id. Abdul-Hafiz’s pulse oximetry system
100 is a physiological monitoring device that measures a patient’s oxygen

saturation level of arterial blood.
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Abdul-Hafiz+Raley’s physiological monitoring device

e 160 monitor

S€nsor 110 L
114

FIG. 1 (Prior Art)
APPLE-1004, FIG. 1

1[a]. at least three LEDs recessed into a cavity, the at least three LEDs
configured to emit light of at least three different wavelengths;

73. The Abdul-Hafiz+Raley combination satisfies element 1[a]. For example,
Abdul-Hafiz’s “pulse oximetry system 100 includes “a sensor 110” that “is
configured with both red and infrared LEDs 112" that “for finger attachment,
project light through the fingernail and into the blood vessels and capillaries

underneath.” APPLE-1004, [0002].
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APPLE-1004, FIG. 1

74.  As shown in Abdul-Hafiz FIG. 2, “[e]mitted light 210 is projected from the

LEDs 112 into the fingernail bed.” APPLE-1004, [0003].
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APPLE-1004, FIG. 2

75. Raley describes that a “pulse oximeter instrument operates by use of a
probe that illuminates an appendage of the patient (such as a finger, earlobe,
toe, neonatal appendages, or the nasal septum) that is rich in arterial blood and
measures the differential absorption of the light by the pulsatile portion of the
arterial blood flow to thereby determine oxygen saturation of the arterial
blood.” APPLE-1005, 3:11-36. A POSITA would have understood that the
“probe” described by Raley could include the details of the system described by
Abdul-Hafiz, including the low-noise enclosure for the detector. In Raley, “The
pulse oximeter instrument makes use of a plurality of light-emitting devices,
each of which transmits light at a predetermined wavelength, which
wavelengths are selected such that at least one is highly absorbed by oxygenated

hemoglobin in the arterial blood and at least one is highly absorbed by reduced
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hemoglobin in the arterial blood.” Id. Raley discloses that although “[o]ne of the
primary uses of photoplethysmography has been the monitoring of the oxygen

99 ¢¢

saturation of a patient’s blood,” “there is a desire to expand the use of
photoplethysmography into the monitoring of additional blood analytes such as
carboxyhemoglobin, methemoglobin and other dyshemoglobins.” APPLE-1005,
1:39-45. According to Raley, “[i]t is also possible to measure additional analytes
in the arterial blood, such as additional dyshemoglobins, with one additional
wavelength of light for each component.” APPLE-1005, 3:11-36. “Ina
photoplethysmographic instrument designed to generate four blood analyte levels,
the preferred embodiment is to use at least four separate emitters each
producing light with a distinct spectral content.” APPLE-1005, 3:52-4:9. As
discussed above, the addition of ““at least four separate emitters each producing
light with a distinct spectral content” to the system of Abdul-Hafiz would be
straightforward,

76. Raley provides a “probe 40” for use with a “photoplethysmographic
monitor” that “is capable of measuring a plurality of blood analyte concentrations
such as O2Hb, RHb, COHb and MetHB.” APPLE-1005, 3:52-4:9. The probe 40
includes “a plurality of emitters 21, 22, 23 and 24 located in the connector-end

25 of interconnect cable segment 20.” Id. The “plurality of emitters 21, 22, 23

and 24” may be “light-emitting-diodes” (LEDs) that “each emit light having a
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distinct spectral content characterized by a distinct center wavelength denoted
by MM Azand Ay 1d.

99 ¢

77. Raley’s “FIG. 3 depicts a bottom elevational view” “of the patient end of
interconnect cable segment 20” with “four emitters 21, 22, 23 and 24 “useful in

a photoplethysmographic monitor for measuring three or four blood analytes such

as oxyhemoglobin, deoxyhemoglobin, carboxyhemoglobin and methemoglobin.”

APPLE-1005, 5:63-6:2.
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78. As discussed above in Section VII.A, a POSITA would have found it
obvious and straightforward to implement Abdul-Hafiz’s pulse oximetry system

based on Raley’s teachings. Further, a POSITA would have been motivated to
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implement Abdul-Hafiz’s pulse oximetry system based on Raley’s teachings. The
implementation of Abdul-Hafiz’s pulse oximetry system based on Raley’s
teachings would provide a pulse oximetry system (an example shown below)
having a sensor with at least four LEDs with different center wavelengths for

measuring additional blood analytes. APPLE-1005, 3:52-4:9, 4:29-44, 5:63-6:2.
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Abdul-Hafiz+Raley’s physiological monitoring device
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79. In addition, Raley’s “FIG. 3 depicts a bottom elevational view” “of the
patient end of interconnect cable segment 20” with “four emitters 21, 22, 23 and
24.” APPLE-1005, 5:63-6:2. Interconnect cable segment 20 is held in a connector
17 that “houses an optically transmissive window 16 that “enables light to be
passed from emitters 21, 22, 23 and 24” “to the patient while protecting the patient
from excess heat.” APPLE-1005, 5:38-51. “The light transmitted” from the four
emitters “passes through window or opening 26 and window 16 in probe-end 10
and impinges on the tissue of the patient.” APPLE-1005, 4:63-67. A POSITA
would have understood or at least found it obvious that the four LEDs are
recessed into a cavity covered by window/opening 26 of the interconnect cable
segment 20 and that the interconnect cable segment 20 with the four LEDs is
recessed into a cavity formed in connector 17 and covered by window 16, as

shown below, which provides the benefit of “protecting the patient from excess

heat” emitted by the LEDs. APPLE-1005, 5:38-51.
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80. Asin Raley’s system, a POSITA would have understood or at least found it
obvious that, in the Abdul-Hafiz+Raley’s system, the four LEDs are recessed

into a cavity covered by window/opening 26 of the interconnect cable segment 20
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and that the interconnect cable segment 20 with the four LEDs is recessed into
a cavity formed in connector 17 and covered by window 16, as shown below,
which provides the benefit of “protecting the patient from excess heat” emitted by

the LEDs. APPLE-1005, 5:38-51.
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Abdul-Hafiz+Raley’s physiological monitoring device
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1[b]. at least one detector configured to detect at least a portion of the light
emitted from the at least three LEDs after at least a portion of the light has been
attenuated by tissue, the at least one detector configured to output at least one
signal responsive to the detected light;

81. The Abdul-Hafiz+Raley combination satisfies element 1[b]. For example,
Abdul-Hafiz’s “pulse oximetry system 100 includes “a sensor 110” that “is
configured with both red and infrared LEDs 112” that “for finger attachment,
project light through the fingernail and into the blood vessels and capillaries
underneath.” APPLE-1004, [0002]. “A photodiode 114 (not visible) is
positioned at the finger tip opposite the fingernail so as to detect the LED

emitted light as it emerges from the finger tissues.” /d.
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APPLE-1004, FIG. 1

82. Asshown in Abdul-Hafiz FIG. 2, “[e]mitted light 210 is projected from the
LEDs 112 into the fingernail bed.” APPLE-1004, [0003]. “Received light 220
propagates through the finger tissues to the detector 114, subject to absorption and

scattering, to generate a desired sensor signal.” 1d.

58



LEDs

112

210 emitted light

240

A\ |/

received light 2e0 7 I nadetector

~
230

FIG. 2 (Prior Art)
APPLE-1004, FIG. 2

83. Similarly, Raley discloses that the “intensity of light transmitted through the
tissue under test is measured by one or more photodetectors 13 which are located
in the disposable probe-end 10.” APPLE-1005, 4:29-44. “Photodetector 13
provides a signal corresponding to the intensity of light received denoted I,
L2, Lz and Lis.” Id.

84. In the combined pulse oximetry system of Abdul-Hafiz+Raley, one or more
photodetectors would measure the intensity of light transmitted through the tissue
by the four LEDs and provide a signal corresponding to the intensity of light
received from these four LEDS denoted by I, I2, )3 and 4. APPLE-1004,

[0002], [0003]; APPLE-1005, 4:29-44.
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Abdul-Hafiz+Ralevy’s physiological monitoring device
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FIG. 1 (Prior Art)
APPLE-1004, FIG. 1

1[c]. a light block surrounding the at least one detector, the light block
comprising a shoebox structure configured to recess the at least one detector
into the shoebox structure,

85. Counsel has informed me that Patent Owner apparently contends for
purposes of its theory of infringement in the litigation that a “light block” 1s
anything that at least partially surrounds the detector and blocks stray light from
reaching the detector. Counsel also has informed me that Patent Owner’s apparent
application of “shoebox structure” for purposes of its theory of infringement seems
to encompass more than a rectangular shoe box shape. However, I believe that a
“light block™ is “a structure that blocks light and accommodates the detector

assembly” and a “shoebox structure” has a rectangular, shoe box shape.
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86. At least under Patent Owner’s apparent application of element 1[c] in its
complaint for infringement and proposed construction in the litigation, the Abdul-
Hafiz+Raley combination satisfies element 1[c]. For example, Abdul-Hafiz
discloses that “FIG. 2 illustrates various optical noise sources for a sensor 110.”
APPLE-1004, [0003]. “Light which illuminates the detector 114 without
propagating through the finger is unwanted optical ‘noise’ that corrupts the
desired sensor signal.” Id. “Noise sources include ambient light 230 and piped
light 240.” Id. “Ambient light 230 is transmitted to the detector 114 from external
light sources, i.e. light sources other than the LEDs 112.” Id. “Piped light 240 is
stray light from the LEDs 112 that is transmitted around a tissue site along a light
conductive surface, such as a reflective inner surface of face stock material,

directly to the detector 114.” Id.
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87. At least under Patent Owner’s apparent application of element 1[c] in its
complaint for infringement and proposed construction in the litigation, Abdul-
Hafiz’s optical housing 400 is a light block. To block unwanted optical noise,
Abdul-Hafiz provides “a low noise optical housing 400” (light block) (FIGS. 4A-
C) that “is configured to accept a detector 820 (FIGS. 6A-B) and provide
ambient light and piped light reduction.” APPLE-1004, [0033]. The “low noise
optical housing 400 advantageously incorporates the functions of a light
barrier, opaque cover, spacer and aperture... in a relatively small, easy to
manufacture, one-piece design.” Id. Abdul-Hafiz’s “FIGS. 5A-D illustrate the
housing 400 in an open position 510 (FIGS. 5AB) and a closed position 560
(FIGS. 5C-D).” APPLE-1004, [0038]. “In the closed position 560, the housing

400 provides an optical enclosure for a detector” and thus at least partially
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surrounds the detector. /d. As shown in FIG. 6A below, a “detector 820 is

enclosed in the optical housing 400” (light block). APPLE-1004, [0039].

detector assembly

light block Ve

T 1 AV
\470 N 820 ;460 \t 801

detector

FIG. 6A
APPLE-1004, FIG. 6A

88. Abdul-Hafiz’s “optical housing 400 (light block) includes a “cover 410”
and “base 460.” APPLE-1004, [0033]. As shown in FIGS. 4B-C, the “cover 410
defines [a] pocket 440 for securing a detector 820.” APPLE-1004, [0036]. A
POSITA would have understood that the optical housing 400 (light block) is

configured to recess the detector 820 into the pocket 440 of the housing.
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APPLE-1004, FIGS. 4A-4C

89. Asshown in FIG. 6A, the “detector 820 is enclosed in the optical housing
400.” APPLE-1004, [0039]. A POSITA would have understood that the optical
housing 400 (light block) is configured to recess the detector 820 into the pocket

of the housing.
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APPLE-1004, FIG. 6A

90. At least under Patent Owner’s apparent application of element 1[c] in its
complaint for infringement and proposed construction in the litigation, Abdul-
Hafiz’s optical housing 400 (light block) has a shoebox structure.

91. To the extent the structure of Abdul-Hafiz’s optical housing 400 were
deemed to not correspond to that of a light block or a shoebox structure, a
POSITA would have recognized that detector housings, as used in Abdul-Hafiz,
come in various shapes and sizes. Abdul-Hafiz explicitly states that while the “low
noise optical housing has been disclosed in detail in connection with various

99 ¢¢

embodiments,” “[t]hese embodiments are disclosed by way of example only” and
“[o]ne of ordinary skill in the art will appreciate many variations and
modifications.” APPLE-1004, [0053]. To that end, Parker corroborates what a

POSITA would have known, that one conventional structure for a detector housing
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is a structure having surfaces and openings that are all rectangular shaped,

corresponding to a light block and a shoebox structure:

detector housing

APPLE-1009, FIG. 3

92. A POSITA, therefore, would have found it obvious to implement Abdul-
Hafiz’s optical housing 400 using a differently shaped optical housing, e.g., one
with the shape of a light block and shoebox structure. Indeed, using such a
housing, as evidenced by Parker, was common practice well before the Critical
Date, and there was nothing new or inventive about changing one housing shape
for another. Nor does the specification of the ‘911 patent indicate otherwise.
References like Parker provide evidence of the background knowledge that a

POSITA would have brought to bear in an evaluation of the teachings of Abdul-
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Hafiz, and confirm the notion that a POSITA would have been aware that a
differently shaped optical housing for housing a detector of a physiological sensor
was a known option and would have found it to be simply a matter of design
choice to use different shapes for Abdul-Hafiz’s optical housing.

93. A POSITA would have understood that the Abdul-Hafiz housing and the
Parker housing perform the same function of enclosing the detector in an optical
sensor attached to a user’s finger. APPLE-1009, FIG. 3. Abdul-Hafiz does not
suggest that the shape of such a housing has any functional significance in the
operation of the optical sensor, or that any particular known shape was preferred or
restricted. Thus, housing shapes like those disclosed by Parker and Abdul-Hafiz
were known in the art to be predictable substitutes for one another, and therefore
obvious variants.

94. Further, the ’911 patent provides no explanation of how the particular light
block shape solves some problem or presents some unexpected result. Rather, a
POSITA would have simply recognized that the light block shape is a non-
inventive feature and that it would have been quite routine to use a differently
shaped structure surrounding the at least one detector.

1[d1]. wherein the shoebox structure is at least partially formed of a black
material,

95. The Abdul-Hafiz+Raley combination satisfies element 1[d1]. For example,

Abdul-Hafiz’s “housing 400 is advantageously constructed of a flat substrate
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which, in one embodiment, is a laminate of two materials including an outer
white layer 407 and an inner black layer 408.” APPLE-1004, [0034]. “By
utilizing a laminate of both white and black material, the low noise optical
housing 400 advantageously functions both as a light absorber and as a light
reflector.” Id. “The black layer 408 absorbs unwanted ambient light,
preventing it from reaching the enclosed detector 820 (FIGS. 6A-B).” Id.
Alternatively, “the housing 400 is formed from a black substrate, which is
painted white on the outside, i.e. the side corresponding to the outer white layer
407, or otherwise coated on the outside with a reflecting material or substance.”
APPLE-1004, [0035]. Thus, Abdul-Hafiz’s housing (light block) is formed of
black materials.

1[d2]. wherein a top of the shoebox structure includes only one opening through
which light is configured to pass,

96. The Abdul-Hafiz+Raley combination satisfies element 1[d2]. For example,
Abdul-Hafiz discloses that, as “shown in FIGS. 4A-C, the base 460 [top] defines a
generally centered aperture 470 [opening/window] and a slot 480 proximate the
flange 420, partially extending across the base width 503 (FIG. 5A).” APPLE-
1004, [0037]. “The slot 480 allows the base 460 to be easily folded so that the
aperture 470 is in proper alignment with the detector active area.” /d. The
aperture 470 is “generally centered within the base portion and aligned with

the detector in the closed position so as to pass light through to the detector.”
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APPLE-1004, Abstract, [0005]-[0007]. Throughout the specification, Abdul-Hafiz
refers to a singular “opening”, “window”, “aperture”, and never to “apertures”,

“openings”, or “windows”. In this regard, Abdul-Hafiz discloses a light-block

with only one opening through which light is configured to pass.

light block/shoebox structure
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-->»B
FIG. 4A
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opening/window 410 414
470 LIC AN W S 412
w oy 407
408

SECTION A-A
top

FIG. 4B
APPLE-1004, FIGS. 4A-4C

97. As shown in FIG. 6A, the “detector 820 is enclosed in the optical housing
400” “so that the active area of the photodiode chip 821 is aligned with the
housing aperture 470" (opening/window). APPLE-1004, [0039]. From Abdul-
Hafiz’s disclosure, a POSITA would have understood that the aperture 470 is the

only opening through which light is configured to pass. The gap between the base
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460 (top) and the flange 420 through which the flexible circuit assembly 801 exits
the housing (light block) is not configured to pass light to the detector. APPLE-

1004, [0039].

detector assembly

light block/

shoebox structure ; 1000
400

\ ~
N0 N\ V820 \ 460 X 801
opening/window detector flexible
circuit
FIG.

6A assembly
APPLE-1004, FIG. 6A

98. Similarly, the *911 patent also includes an opening in the light block for
inserting the detector assembly and for the flex circuit to exit the light block.

APPLE-1001, 15:17-19, 19:15-17.
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APPLE-1001, FIGS. 32A-32B

1[d3]. the opening comprising an area smaller than a detection surface area of
the at least one detector; and

99. The Abdul-Hafiz+Raley combination satisfies element 1[d3]. Because
Abdul-Hafiz+Raley is a transmittance pulse oximetry system, a POSITA would
have understood that the received light 220 transmitted by the LEDs 112 through
the finger is incident on the detector 114 with small angles of incidence, and
optical noise sources such as ambient light 230 and piped light 240 are incident on
the detector 114 with large angles of incidence, as shown by Abdul-Hafiz’s FIG. 2.
APPLE-1004, [0003]. To block unwanted optical noise from reaching the
detector, Abdul-Hafiz provides “a low noise optical housing 400” to “provide

ambient light and piped light reduction.” APPLE-1004, [0033].
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100. A POSITA would have understood that Abdul-Hafiz+Raley’s sensor does
not completely enclose the entire finger, as shown in Abdul-Hafiz’s FIG. 1 below,
and consequently, it is possible that extraneous light enters through the openings of
the sensor and is guided through the skin of the finger to the detector, causing

erroneous or inaccurate measurements. APPLE-1004, [0003].
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Abdul-Hafiz+Raley’s pulse oximetry system
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extraneous light entering / 110
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photodetectors

APPLE-1004, FIG. 1

101. As discussed above, Abdul-Hafiz discloses that “the base 460 [top] defines
a generally centered aperture 470 [opening/window]” and “also provides a spacer
and aperture to reduce light piping.” APPLE-1004, [0037]. Abdul-Hafiz discloses
that “the aperture 470 is in proper alignment with the detector active area” “so
as to pass light through to the detector,” and the “detector 820 is enclosed in the
optical housing 400” “so that the active area of the photodiode chip 821 is
aligned with the housing aperture 470.” APPLE-1004, [0037], [0039], Abstract,

[0005]-[0007]. Abdul-Hafiz’s FIG. 6A shows a side view of the optical housing

enclosing the detector with the aperture 470 (opening/window) having a diameter
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that is smaller than the length of the active area of the photodiode chip 821

(detection surface area):

Abdul-Hafiz+Raley’s shielded detector assembly

light block/

shoebox structure 1000

lelngth of active area of detector

detector

opening/window
having a smaller diameter than length
of active area of the detector

APPLE-1004, FIG. 6A

102. Abdul-Hafiz further discloses that “the low noise optical housing 400
advantageously incorporates the functions of a light barrier, opaque cover, spacer
and aperture, as described with respect to FIG. 3.” APPLE-1004, [0033]. FIG. 3
(reproduced below) more clearly shows that the aperture 322 has a smaller length
than the length of the detector 310 “configured to receive light 220 that has

propagated through a tissue site 10.” APPLE-1004, [0004].
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103. Abdul-Hafiz shows that its detector 820 has a square or rectangular shape,
e.g., in FIGS. 10A-10B (reproduced below), and its aperture 470 has a circular

shape, e.g., in FIGS. 4A, 5A, 10C (reproduced below), 11B.
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104. The area of a circle is calculated as A = mr?where 7 is the radius, and the
area of a square or rectangle is calculated as A = lw where [ is the length and w 1s
the width. A POSITA would have recognized that a circle, having a diameter that
is equal to or smaller than each side length of a square or rectangle, has a smaller

surface area than that of the square or rectangle, as shown below.
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105. Abdul-Hafiz shows figures where the aperture has a smaller diameter than
the length of the active area of the detector, and thus a POSITA would have
understood or found it obvious that Abdul-Hafiz’s aperture (opening/window) has
an area smaller than the active area of the photodiode chip 821 (detection

surface area).

| detection surface

opening/window <
area of detector

having a smaller area
than detection surface

area of the detector .
width

length
106. A POSITA also would have understood that such a dimensional relationship
between Abdul-Hafiz’s aperture and the active area of the photodiode chip 821 is
consistent with Abdul-Hafiz’s expressly disclosed purpose of the “low noise

optical housing 400 to “provide ambient light and piped light reduction.”
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APPLE-1004, [0033]. That is, based on Abdul-Hafiz’s disclosure, a POSITA
would have understood or found it obvious that Abdul-Hafiz limiting the aperture
diameter of its optical housing would desirably reduce the extraneous light entering
through the opening of the housing and the finger as a light guide. APPLE-1004,
[0003]. Indeed, as shown in the following annotated figure, limiting the aperture
diameter relative to the active area of the photodiode chip 821 prevents rays from
optical noise sources such as ambient light 230 and piped light 240, which are
typically incident on the detector 114 at a large angle of incidence, from reaching

the active area of the detector:

piped/ambient light ~  ..coq i oht piped/ambient light
reduction reduction

APPLE-1004, FIG. 6A

1[e]. a processor configured to receive and process one or more signals
responsive to the outputted at least one signal and determine a physiological
parameter of a user responsive to the one or more signals.

107. The Abdul-Hafiz+Raley combination satisfies element 1[e]. As discussed
above with respect to element 1[p], Abdul-Hafiz discloses that “[pJulse oximetry is

a widely accepted noninvasive procedure for measuring the oxygen saturation
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level of arterial blood, an indicator of a person’s oxygen supply.” APPLE-1004,
[0002]. Abdul-Hafiz provides “a pulse oximetry system 100 having a sensor 110
applied to a patient, a monitor 160 and a patient cable 140 connecting the sensor
110 and the monitor 160.” Id.

108. As discussed above with respect to element 1[a], Raley provides a “probe
40” for use with a “photoplethysmographic monitor” that “is capable of measuring
a plurality of blood analyte concentrations such as O2Hb, RHb, COHb and
MetHB.” APPLE-1005, 3:52-4:9. As discussed above with respect to element
1[b], in the combined pulse oximetry system of Abdul-Hafiz+Raley, the
photodetector would measure the intensity of light transmitted through the tissue at
four wavelengths (A1, A2, A3, and A4) provided by the four LEDs and provide four
signals corresponding to the intensity of light received denoted by Iy, I)2, I3 and

Iws. APPLE-1004, [0002], [0003]; APPLE-1005, 4:29-44.
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109. Raley further discloses that this “signal is then electrically routed back to the
monitor 100 through cable 28, plug 42 and socket 104 to the probe interface 102.”
APPLE-1005, 4:29-44. “In the monitor the analog received intensity signals, Iy,

29 ¢¢

Iz, Iz and 14 are converted into digital signals,” “stored in memory 106 and
manipulated in data processing circuit 107 of the monitor 100 according to
data processing instructions stored in memory 106 and executed by the data
processing circuit 107 in order to determine an estimate of the blood analyte
levels output as a percentage concentration.” /d. Accordingly, in the combined

pulse oximetry system of Abdul-Hafiz+Raley, a data processing circuit 107

(processor) of the monitor receives and processes the received intensity signals
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(signals responsive to the outputted signal from the detector) and determines
oxygen saturation and blood analyte levels (a physiological parameter) of a

user responsive to the received signals.
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APPLE-1004, FIG. 1; APPLE-1005, FIG. 5

110. For a physiological monitoring device such as Abdul-Hafiz+Raley’s, a

POSITA would have understood or at least considered using at least four
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wavelengths (A1, A2, A3, and A4) provided by the four LEDs to measure at least
four of the physiological parameters, such as oxygen saturation, oxyhemoglobin,
deoxyhemoglobin, carboxyhemoglobin, and methemoglobin, and that such use
would be obvious. Indeed, using at least four LEDs to measure at least four of
oxygen saturation, oxyhemoglobin, deoxyhemoglobin, carboxyhemoglobin, and
methemoglobin was common practice well before the Critical Date. Raley
explicitly discloses the use of four wavelengths (A1, A2, A3 and A4) provided by
four LEDs, and explains: “Such an embodiment would be useful in a
photoplethysmographic monitor for measuring three or four blood analytes such as
oxyhemoglobin, deoxyhemoglobin, carboxyhemoglobin and methemoglobin.”
APPLE-1005, 5:66-6:2.

111. Jarman provides more detailed explanation of how to determine four
parameters from optical measurements at four or more wavelengths. APPLE-
1007, 3:21-27, 5:21-6:16. In this case, the four signals (In1, 12, I3, and I)4) are
captured from the four light measurements at four wavelengths (A1, A2, A3 and A4).
Id. Each of the individual measurements at a single specific wavelength is
influenced by the concentration of all four of the species of interest. /d. The
concentration of each species of interest causes some change in the light signal at
that wavelength, which can be described as differential absorptions (dAs) of the

transmitted light by each species of absorber in the blood. /d. By capturing signals
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at four different wavelengths and knowing the effects of each species of interest on
the optical signal at each of the four wavelengths, Jarman explains that it is
possible to produce an estimation of the four blood analyte levels. Id.

112. According to Jarman, the differential absorption associated with the
concentrations of four species of interest at wavelength A may be represented as:

AAAEEKOCOALO_'_EthRALR_'_EhCOCCOALCO.'_E)\'A'fercMetckfelAthet ‘

APPLE-1007, 5:33-42. In Jarman’s equation above, C is the concentration of the
specific absorber, E is the extinction length for that absorber at wavelength, AL is
the differential change in effective path length the transmitted light has traveled,
and superscripts O, R, CO, and Met refer to O2Hb, RHb, COHb, and MetHb
respectively. Id. In practice, if there are four wavelengths (A1, A2, A3, and A4),
there will be four measurements, which each depend on the absorption of light at
that wavelength from each of the four species of interest. The result of this is that
there are four equations and four unknowns (the four concentrations), which can be
solved algebraically, yielding estimates of the four concentrations of interest. /d.
113. Jarman describes one method for solving this set of four equations with four
unknowns. APPLE-1007, 5:50-67. From the differential absorptions, dAxi, dAsa,
dAys, and dAjs, normalized differential absorptions are computed by taking the
ratio of differential absorptions at two different center wavelengths. Id. For

example, for center wavelengths A2 and A1, the normalized dA is computed as
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N;g*] =dA).'2/dA)-1 .

Id. The normalized dA’s are then used in a calibration equation to obtain the

measured analyte values:

ay + arxNay +asNyy +agNyy
by + baNyy + b3Nayy + by Ny

xHb =

where xHb refers to one of O2Hb, RHb, COHb, or MetHb, the constants ai, az, a3,
as, b1, bz, bs, and by are calibration coefficients determined previously in a
calibration experiment, and N»1, N31, and Ns; are normalized dAs for channels 2
and 1, 3 and 1, and 4 and 1, respectively. APPLE-1007, 6:1-16.
114. As another example, Aoyagi describes measuring oxyhemoglobin and
reduced hemoglobin using four light wavelengths and the following simultaneous
equations with three unknowns:
@, = [{(Eo,;S0 + Er;Sr + Ew;CW/Hb) (EosSo + Er,Sr + ¢))
Ew ,CW/Hb + F)}\? — Ex,Y[{(EosS0 + Er,Sr + Ew,CW/Hb) (EoyS0 +
Er,Sr + Ew,CW/HD + F)}'? — Ex,]
@5, = [{(EosSo + ErySr + EwsCW/HD) (EoySo + ErsSr + (2)
Ew ;CW/HD + F)}'? — Ex;V[{(EozSo + ErySr + Ew,CW/HD) (EoxSo +
Er,Sr + Ew,CW/Hb + )} - Ex;)
D, = [{(EogSo + Er Sr + Ew,CW/HD) (EoySo + ErgSr + (3)

Ew CW/Hb + F)P? — Ex,V[{(EosS0 + ErySr + Ew,CW/HD) (Eo,So +
Er,Sr + Ew,CW/Hb + F)}'? — Ex,)
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where

Symbol of concentration Absorption

Substance: in blood: coefficient
Oxybemoglobin (O,Hb) SoHb Eo
Reduced hemoglobin (RHb)  SrHb Er
Carboxyhemoglobin (COHb) ScHb Ec
Methemoglobin (MetHb) SmHb Em

Total hemoglobin (Hb) Hb

Water Cw Ew

Hb=0,Hb+RHb+COHb+MetHb=(S0+Sr+Sc+Sm)Hb,
and

So+Sr+Sc+Sm=1
APPLE-1010, 3:66-6:22, 8:26-31. Aoyagi also describes measuring
oxyhemoglobin, reduced hemoglobin, and carboxyhemoglobin or methemoglobin
using five light wavelengths and four simultaneous equations with four unknowns.
APPLE-1010, 6:22-7:32, 8:36-46. Aoyagi further describes measuring
oxyhemoglobin, reduced hemoglobin, carboxyhemoglobin, and methemoglobin
using six light wavelengths and five simultaneous equations with five unknowns.
APPLE-1010, 7:33-8:22, 8:47-51. Jarman and Aoyagi are describing approaches
to the generic method for solving N equations in N or fewer unknowns as applied
to a situation to determine four concentrations from four optical measurements at
four different wavelengths.

115. As yet another example, Kuenster explains the overall, well-established

basic understanding that “the concentration of known hemoglobin species
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including oxyhemoglobin, deoxyhemoglobin, carboxyhemoglobin,
methemoglobin, and sulthemoglobin may be determined through the solution of a
set of N equations with N unknowns where each unknown is a concentration of a
particular hemoglobin species,” the “total number of hemoglobin species whose
concentration is to be determined equals N,” and using “absorbance data at five
different wavelengths, the concentration of five species of hemoglobin may be
determined.” APPLE-1012, 4:30-38, 5:27-29, 4:5-17. References like Jarman,
Aoyagi, and Kuenster each describe a particular approach to constructing the N
equations (measurements) in N or fewer unknowns (concentrations), and solving
the equations to determine estimates of the N or fewer concentrations. These
independent yet similar descriptions of the approach to the solution of a standard
algebra problem provide evidence of the background knowledge that a POSITA
would have brought to bear in an evaluation of the teachings of Abdul-Hafiz and
Raley. These examples confirm the notion that a POSITA would have been aware
that using at least four LEDs to measure optical absorbance at four wavelengths
was a well-known method for determining four of the concentrations of oxygen,
oxyhemoglobin, deoxyhemoglobin, carboxyhemoglobin, and methemoglobin.
116. As explained above in Section VII.A, a POSITA would have found it
obvious and would have been motivated to use at least four wavelengths (A1, A2,

A3, and A4) provided by four LEDs to measure at least four of oxygen saturation,
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oxyhemoglobin, deoxyhemoglobin, carboxyhemoglobin, and methemoglobin to
compensate for errors in the measurement of oxygen saturation due to the presence
of carboxyhemoglobin and methemoglobin in the blood in above normal levels.
APPLE-1007, 1:63-2:14; APPLE-1008, 3:25-37. A POSITA understood that if
carboxyhemoglobin or methemoglobin is present in the blood in above normal
levels, a conventional two-wavelength pulse oximeter will give falsely high
readings for the arterial oxygen saturation. /d.

C. Claim 6

6. The device of claim 1, wherein the at least one detector comprises at least two
detectors.

117. The Abdul-Hafiz+Raley combination satisfies claim 6. As discussed above
in 1[b], Raley discloses that the “intensity of light transmitted through the tissue
under test 1s measured by one or more photodetectors 13 which are located in the
disposable probe-end 10.” APPLE-1005, 4:29-44. “Photodetector 13 provides a
signal corresponding to the intensity of light received denoted I, T2, Iz and [4.”
Id. Based on Raley’s explicit disclosure of “one or more photodetectors,” a

POSITA would have understood that Raley’s probe can include two detectors.
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= two detectors  FiG.4

APPLE-1005, FIGS. 3, 4

118. Based on Raley’s explicit disclosure of “one or more photodetectors,” a
POSITA would have understood that the Abdul-Hafiz+Raley sensor can include

two detectors surrounded by and recessed in the light block.
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Abdul-Hafiz+Raley’s pulse oximetry system
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APPLE-1004, FIGS. 1, 7C

detector assembly
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FIG. 6A
APPLE-1004, FIGS. 1, 6A
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D. Claim 8

8. The device of claim 1, wherein the opening provides an optical path from the
tissue to the at least one detector.

119. The Abdul-Hafiz+Raley combination satisfies claim 8 for similar reasons as
discussed above in elements 1[b] and 1[d2].

E. Claim 10
10[p]. A physiological monitoring device comprising:

120. To the extent the preamble is limiting, the Abdul-Hafiz+Raley combination
satisfies element 10[p] for similar reasons as discussed above in element 1[p].

10[a]. at least three LEDs recessed into a cavity, the at least three LEDs
configured to emit light of at least three different wavelengths;

121. The Abdul-Hafiz+Raley combination satisties element 10[a] for similar
reasons as discussed above in element 1[a].

10[b]. at least one detector configured to detect at least a portion of the light
emitted from the at least three LEDs after at least a portion of the light has been

attenuated by tissue, the at least one detector configured to output at least one
signal responsive to the detected light;

122. The Abdul-Hafiz+Raley combination satisfies element 10[b] for similar
reasons as discussed above in elements 1[b] and 1[d2].

10[c]. an electromagnetic interference shield positioned between the at least
three LEDs and the at least one detector;

123. The Abdul-Hafiz+Raley combination satisfies element 10[c]. As discussed
above in elements 1[a], 1[b], and 1[d2], the combined pulse oximetry system of

Abdul-Hafiz+Raley would include four LEDs emitting light at different
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wavelengths to measure additional blood analytes (APPLE-1005, 1:39-45, 3:52-
4:9, 5:63-6:2), and the detector would measure the intensity of light transmitted
through the tissue by the four LEDs and provide a signal corresponding to the
intensity of light received denoted by Ini, 2, 113, and L4 (APPLE-1004, [0002],
[0003]; APPLE-1005, 4:29-44).

Abdul-Hafiz+Raley’s physiological monitoring device

e 160 monitor

four LEDs 12
Sensor 110

Lm one or more detectors

FIG. 1 (Prior Art)
APPLE-1004, FIG. 1

124. Abdul-Hafiz’s FIG. 2 shows “the placement of the sensor LEDs 112 and

detector 114 on a finger.” APPLE-1004, [0003].
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FIG. 2 (Prior Art)
APPLE-1004, FIG. 2

125. Abdul-Hafiz further describes “shielded detector assemblies 1000 where an

“EMI shield 1010~ “encloses the detector 820.” APPLE-1004, [0039].

shielded detector assembly

detector

FIG. 6A
APPLE-1004, FIG. 6A

126. Abdul-Hafiz’s “FIGS. 10A-C illustrate a shielded detector assembly 1000”
that includes ““a foldable shield 1010’ and “a fixed shield 1005.” APPLE-1004,

[0046]. “As shown in FIG. 10B, the shield 1010 is next folded toward the detector
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820.” Id. “As shown in FIG. 10C, the shield 1010 is then folded over the back and
sides of the detector 820, enclosing the detector 820.” Id. “Next, the EMI shielded

detector 820 is placed into the optical housing 400.” Id.

F 1000 (‘* 1000 r 1000

EMI shield EMI shield

400

1010 detector 1010 0
820

820 1010

detector EMI shield

1020

1030

1040 1005
pDETAIL AT el DETAIL A DETAIL A
FIG. 10A FIG. 10B FIG. 10C

APPLE-1004, FIGS. 10A-10C

127. Abdul-Hafiz’s “FIGS. 11A-B illustrate one embodiment of the optical

portion 1100 of a sensor assembly 900 (FIGS. 9A-B) having a detector assembly
1000 and an emitter 830 connected to a pad 1110.” APPLE-1004, [0047]. In the
FIG. 11B embodiment, “the detector 820 (FIGS. 10A-B) is not visible in FIG.

11B as it is behind the fixed shield 1005.” Id.



1132

|l \ »
= 4 1000
830 ,
LEDs 1 1005 EMI shield
enclosing detector
470

h | 400

FIG. 11B

APPLE-1004, FIG. 11B

128. A POSITA would have understood, from Abdul-Hafiz’s disclosure that the
EMI shield encloses the detector (APPLE-1004, [0046]) and that the detector is
behind the EMI shield (APPLE-1004, [0047]), that the EMI shield is positioned
between the LEDs and the detector (APPLE-1004, FIG. 2).

10[d1]. a light block surrounding the at least one detector,

129. The Abdul-Hafiz+Raley combination satisfies element 10[d1] for similar
reasons as discussed above in element 1[c] at least under Patent Owner’s apparent
application of elements 1[c] and 10[d1] in its complaint for infringement and
proposed construction in the litigation. As discussed in element 1[c], at least under
Patent Owner’s apparent application of element 1[c] in its complaint for
infringement and proposed construction in the litigation, Abdul-Hafiz’s optical

housing 400 is a light block that has a shoebox structure.
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130. As also discussed in element 1[c], to the extent the structure of Abdul-
Hafiz’s optical housing 400 were deemed to not correspond to that of a light block
or a shoebox structure, a POSITA would have found it obvious to implement
Abdul-Hafiz’s optical housing 400 using a differently shaped optical housing, e.g.,
one with the shape of a light block and shoebox structure. A POSITA would have
been aware that a differently shaped optical housing for housing a detector of a
physiological sensor was a known option and would have found it to be simply a
matter of design choice to use different shapes for Abdul-Hafiz’s optical housing.
A POSITA would have simply recognized that the light block shape is a non-
inventive feature and that it would have been quite routine to use a differently
shaped structure surrounding the at least one detector.

10[d2]. the light block at least partially formed of black materials,

131. The Abdul-Hafiz+Raley combination satisfies element 10[d2] for similar
reasons as discussed above in element 1[d1].

10[d3]. the light block comprising a base, four side walls and a top forming an
enclosure, wherein the light block comprises a window,

132. The Abdul-Hafiz+Raley combination satisfies element 10[d3] at least under
Patent Owner’s apparent application of “light block” in its complaint for
infringement and proposed construction in the litigation. For example, Abdul-
Hafiz’s “optical housing 400” (light block) includes a “cover 410” and a “base

460” (top). APPLE-1004, [0033]. “As shown in FIGS. 4A-C, the cover 410 has a
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ramp 412" (side wall) “sloping from the flange 420 to a generally level platform
414 (base) “raised above the flange 420.” APPLE-1004, [0036]. “The cover 410
also has beveled sides 418 and a beveled back 419” (three side walls) “that slope

from the flange 420 inward to the platform 414.” Id.

light block . 400

I four side walls

top

410 :
470\ 419 ) (K
/ 407

------

.....................

N~ 440 L
SECTION A-A

four side walls

FIG. 4B FIG. 4C
APPLE-1004, FIGS. 4A-4C

408

SECTION B-B

133. As shown in FIG. 6A, the “detector 820 is enclosed in the optical housing
400.” APPLE-1004, [0039]. Thus, the optical housing (light block) forms an

enclosure with the detector positioned in the enclosure.
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134. As also discussed in element 1[c], to the extent the structure of Abdul-
Hafiz’s optical housing 400 were deemed to not correspond to that of a light
block, a POSITA would have found it obvious to implement Abdul-Hafiz’s optical
housing 400 using a differently shaped optical housing, e.g., one with the shape of
a light block and shoebox structure. A POSITA would have been aware that a
differently shaped optical housing for housing a detector of a physiological sensor
was a known option and would have found it to be simply a matter of design
choice to use different shapes for Abdul-Hafiz’s optical housing. A POSITA
would have simply recognized that the light block shape is a non-inventive feature
and that it would have been quite routine to use a differently shaped structure
surrounding the at least one detector.

10[d4]. the window having an area smaller than a detection surface area of the
at least one detector; and
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135. The Abdul-Hafiz+Raley combination satisfies element 10[d4] for similar
reasons as discussed above in elements 1[d2] and 1[d3].

10[e]. a processor configured to receive and process one or more signals
responsive to the outputted at least one signal and determine a physiological
parameter of a user responsive to the one or more signals.

136. The Abdul-Hafiz+Raley combination satisfies element 10[e] for similar

reasons as discussed above in element 1[e].

F. Claim 15

15. The device of claim 10, wherein the at least one detector comprises at least
two detectors.

137. The Abdul-Hafiz+Raley combination satisfies claim 15 for similar reasons
as discussed above in claim 6.

G. Claim 17

17. The device of claim 10, wherein the window provides an optical path from
the tissue to the at least one detector.

138. The Abdul-Hafiz+Raley combination satisfies claim 17 for similar reasons

as discussed above in claim 8.

H. Claim 19

19[p]. A method for determining a physiological parameter of a living patient,
the method comprising:

139. To the extent the preamble is limiting, the Abdul-Hafiz+Raley combination
satisfies element 19[p]. For example, Abdul-Hafiz discloses that “[pJulse
oximetery is a widely accepted noninvasive procedure for measuring the oxygen

saturation level of arterial blood, an indicator of a person’s oxygen supply” and
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describes “a pulse oximetry system 100 having a sensor 110 applied to a patient, a
monitor 160 and a patient cable 140 connecting the sensor 110 and the monitor
160.” APPLE-1004, [0002].

Abdul-Hafiz+Raley’s physiological monitoring device

e 160 monitor

Sensor 110 k
114

FIG. 1 (Prior Art)
APPLE-1004, FIG. 1

19[a]. positioning a sensor with respect to body tissue of a living patient,

140. The Abdul-Hafiz+Raley combination satisfies element 19[a] for similar
reasons as discussed above in element 19[p]. For example, Abdul-Hafiz describes
“a pulse oximetry system 100 having a sensor 110 applied to a patient, a monitor
160 and a patient cable 140 connecting the sensor 110 and the monitor 160.”
APPLE-1004, [0002]. “The sensor 110 is attached to a tissue site, such as an

adult patient’s finger (as shown).” Id.
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Abdul-Hafiz+Ralevy’s physiological monitoring device

e 160 monitor

body tissue of
a living patient

S€nsor 110 L
114

FIG. 1 (Prior Art)
APPLE-1004, FIG. 1

19[b]. the sensor comprising at least three LEDs,

141. The Abdul-Hafiz+Raley combination satisfies element 19[b] for similar
reasons as discussed above in element 1[a].

19]c]. at least one detector, and

142. The Abdul-Hafiz+Raley combination satisfies element 19[c] for similar
reasons as discussed above in element 1[b].

19[d1]. a light block at least partially surrounding the at least one detector,

143. The Abdul-Hafiz+Raley combination satisfies element 19[d1] for similar
reasons as discussed above in element 1[c] at least under Patent Owner’s apparent

application of elements 1[c] and 19[d1] in its complaint for infringement and
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proposed construction in the litigation. As discussed in element 1[c], at least under
Patent Owner’s apparent application of element 1[c] in its complaint for
infringement and proposed construction in the litigation, Abdul-Hafiz’s optical
housing 400 is a light block that has a shoebox structure.

144. As also discussed in element 1[c], to the extent the structure of Abdul-
Hafiz’s optical housing 400 were deemed to not correspond to that of a light block
or a shoebox structure, a POSITA would have found it obvious to implement
Abdul-Hafiz’s optical housing 400 using a differently shaped optical housing, e.g.,
one with the shape of a light block and shoebox structure. A POSITA would have
been aware that a differently shaped optical housing for housing a detector of a
physiological sensor was a known option and would have found it to be simply a
matter of design choice to use different shapes for Abdul-Hafiz’s optical housing.
A POSITA would have simply recognized that the light block shape is a non-
inventive feature and that it would have been quite routine to use a differently
shaped structure surrounding the at least one detector.

19[d2]. wherein a top of the light block comprises only one opening through
which light is configured to pass;

145. The Abdul-Hafiz+Raley combination satisfies element 19[d2] for similar
reasons as discussed above in element 1[d2].

19]e]. activating the at least three LEDs such that at least three wavelengths of
light are emitted from the at least three LEDs;
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146. The Abdul-Hafiz+Raley combination satisfies element 19[e] for similar
reasons as discussed above in element 1[a].

19[f]. detecting, at the at least one detector, at least a portion of the light emitted
from the at least three LEDs after at least a portion of the light has been
attenuated by the body tissue and passed through the opening of the top of the
light block, wherein the at least one detector outputs at least one signal
responsive to the detected light; and

147. The Abdul-Hafiz+Raley combination satisfies element 19[f] for similar
reasons as discussed above in elements 1[b] and 1[d2].

19]g]. determining a physiological parameter of the living patient responsive to
the outputted at least one signal.

148. The Abdul-Hafiz+Raley combination satisfies element 19[g] for similar
reasons as discussed above in element 1[e].

I. Claim 20

20. The method of claim 19, wherein an area of the opening is smaller than a
detection surface area of the at least one detector.

149. The Abdul-Hafiz+Raley combination satisfies claim 20 for similar reasons

as discussed above in element 1[d3].

J. Claim 21

21[a]. The method of claim 19, wherein the light block is formed of black
materials and

150. The Abdul-Hafiz+Raley combination satisfies element 21[a] for similar
reasons as discussed above in element 1[d1].

21[b]. further comprises a base, side walls, and a top forming an enclosure, and
wherein the at least one detector is positioned in the enclosure.
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151. The Abdul-Hafiz+Raley combination satisfies element 21[b] for similar

reasons as discussed above in element 10[d3].

K. Claim 26

26. The method of claim 19, wherein the at least one detector comprises at least
two detectors.

152. The Abdul-Hafiz+Raley combination satisfies claim 26 for similar reasons

as discussed above in claim 6.

L. Claim 28

28. The method of claim 19, wherein the at least a portion of the light passes
through the opening after it interacts with the body tissue.

153. The Abdul-Hafiz+Raley combination satisfies claim 28 for similar reasons
as discussed above in elements 1[b] and 1[d2].

VIII. GROUND 1B—Claims 2-4, 11-13, and 23-25 are rendered obvious
by Abdul-Hafiz, Raley, and Secker

A. Combination of Abdul-Hafiz, Raley, and Secker

154. As detailed below, a POSITA would have been motivated to combine
Abdul-Hafiz, Raley, and Secker (hereinafter “Abdul-Hafiz+Raley+Secker”) to
obtain additional benefits.

155. As discussed above in Section VII.A, the Abdul-Hafiz+Raley combination
provides a pulse oximetry system (an example shown below) having a sensor with

at least four LEDs with distinct center wavelengths for measuring three or four
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blood analyte levels. APPLE-1005, 3:52-4:9, 4:29-44, 5:63-6:2.

Abdul-Hafiz+Raley’s pulse oximetry system

f‘*160
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assembly 54

four LEDs

21,22,23,24
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APPLE-1004, FIGS. 1, 7C; APPLE-1005, FIGS. 3, 4 (partial)

156. Additionally, Abdul-Hafiz describes an emitter that can be attached at
multiple different positions of the sensor assembly to accommodate different sized
patients or different tissue site thicknesses. APPLE-1004, [0047], [0049]-[0050],
FIG. 11A-E. For example, Abdul-Hafiz describes with respect to FIGS. 11A-11B
that the “emitter 830 may be attached and electrically connected in a first position
to the inner contact set 1112 or in a second position to the outer contact set 1114,”
which “advantageously provides two different detector-emitter spacings 1131,

1132 on the same flexible circuit substrate.” APPLE-1004, [0047].

1100
rﬁoo 1131 r

wider detector-LED spacing € —
1132 \
narrower detector-LED spacing |« »
1000 { q 1000
830
830 ' 4 1005
% 1110
‘ 470
il P24
N NG
1712 14 \

/\/ 400
|

FIG. 11A FIG. 11B

APPLE-1004, FIGS. 11A-11B

157. As another example, Abdul-Hafiz describes with respect to FIGS. 11D-11E

that “contacts are extended along the direction between the detector assembly 1000
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and the emitter 830, allowing the emitter to be mounted on the same pad 1160 in
multiple positions,” which “advantageously provides for different detector-emitter
spacings 1181, 1182 (FIGS. 11D-E) on the same flexible circuit substrate.”

APPLE-1004, [0049].

1150
1000? v
x -
narrower wider
}81 detector-LED ? detector-LED
"~ spacing oz spacing
FIG. 11D FIG. 11E

APPLE-1004, FIGS. 11C-11E

158. To further Abdul-Hafiz’s goal, a POSITA would have been motivated to
pursue known solutions for providing a sensor with multiple detector-LED

spacings that automatically accommodates different sized patients or different
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tissue site thicknesses, such as described by Secker. Secker describes a sensor with
“a multiplicity of transmitter LEDs of one wavelength and a further multiplicity of
transmitter LEDs of a second wavelength” shown in FIG. 8 below. APPLE-1006,
15:35-46. In one example, the sensor includes “red LEDs 70a to 70d and 71a to
71d as well as infrared LEDs 72a to 72d and 73a to 73d.” Id.

700 70b 70!: 70d 7‘. 73ﬂ 73b 73¢ 73d

[/g 568 1663 dﬁf
299 “R3Q
72072 72¢ 724 Tha Tib “Tic~Td
FIG.8

APPLE-1006, FIG. 8

159. According to Secker, such “a sensor may be used, in conjunction with an
appropriate oximeter, for very precise manual or automatic adaptation to different
kinds of measurement by selecting an appropriate red LED/infrared LED
combination.” Id. Secker’s “oximeter may also provide automatic selection of
those transmitters which are best suited for a certain application or tissue” so that
the “sensor may be used to operate precisely with patients of different tissue
characteristics” and to “provide a greater variety of sensor application/tissue
characteristics.” APPLE-1006, 15:12-29, 6:4-20. Secker discloses that this type of
sensor “with at least more than one light path of a certain wavelength through

human tissue, where one of these light paths can be selected dependent on the

108



application or structure of the tissue, may also be adapted for application to a
specific part of the human body (e.g. a limb).” APPLE-1006, 6:38-43, 14:52-63.
Secker further discloses selecting “certain transmitter(s) and/or certain receiver(s)
depending on the place of application,” which “allows very precise adaptation
conditions of measurement by selecting the appropriate transmitters/receivers and
therefore of the light paths.” APPLE-1006, 6:54-7:40, 14:64-15:29.

160. While Secker describes other methods that are “more important for
application in reflection oximetry” and illustrates reflection oximetry sensors,
Secker discloses that its technique for selection of functions and signals “is even
very useful for transmission oximetry.” APPLE-1006, 8:67-68. A POSITA would
have understood that Secker teaches methods that improve transmission oximetry
such as that taught by Abdul-Hafiz and Raley.

161. A POSITA seeking to implement the Abdul-Hafiz+Raley pulse oximetry
system would have been motivated to integrate Secker’s teachings regarding
multiple selectable LEDs for each wavelength into the Abdul-Hafiz+Raley sensor
to arrive at a predictable configuration of a sensor with multiple selectable LEDs
for each of the four wavelengths used for determining an estimate of three or four
blood analyte levels to achieve the benefits described by Secker above. APPLE-
1004, [0047], [0049]-[0050], FIG. 11A-E; APPLE-1006, 6:4-20, 6:38-7:40, 8:67-

68, 14:52-15:29, 15:35-46.
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162. As shown in Secker’s FIG. 8, Secker provides four LEDs of the same
wavelength on one side of a detector. APPLE-1006, 15:35-46, FIG. 8. The figure
below shows an example of applying Secker’s teachings of four LEDs of the same
wavelength on one side of a detector to the Abdul-Hafiz+Raley sensor to result in
sixteen LEDs including four sets of four LEDs for each of four wavelengths
arranged on the sensor that are selectable by the oximeter to accommodate
different detector-LED spacings for different sized patients or different tissue site
thicknesses, as suggested by Abdul-Hafiz and Secker. APPLE-1004, [0047],
[0049]-[0050], FIG. 11A-E; APPLE-1006, 6:4-20 (“arranged symmetrically with
respect to the receiver, e.g., an unsymmetrical square or rectangle”), 6:38-7:40,

8:67-68, 14:52-15:29, 15:35-46.
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Abdul-Hafiz+Raley’s emitter assembly modified in view of Secker

28

sixteen LEDs including
four LEDs for each
of four wavelengths
21,22,23,24

27b

28a FIG.3
APPLE-1005, FIG. 3

163. This example corresponds to detector-LED configuration and spacings as

shown in Abdul-Hafiz’s FIGS. 11D-11E. /d.
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164. A POSITA would have understood that other LED arrangements are
possible, e.g., with the LEDs of the same wavelength arranged horizontally rather
than vertically as shown below, to correspond to detector-LED configuration and
spacings shown in Abdul-Hafiz’s FIGS. 11A-11B. /d.

165. Such a sensor estimates the three or four blood analyte levels using

automatically selected LEDs with appropriate detector-LED spacings that
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accommodate different sized patients or different tissue site thicknesses. APPLE-
1004, [0047], [0049]-[0050], FIG. 11A-E; APPLE-1006, 6:4-20, 6:38-7:40, 8:67-
68, 14:52-15:29, 15:35-46. A POSITA would have been motivated to integrate
Secker’s teachings into the Abdul-Hafiz+Raley sensor to achieve these benefits.
166. A POSITA would have understood that Secker’s teaching regarding multiple
LEDs for each wavelength that are selectable by the oximeter to accommodate
different detector-LED spacings for different sized patients or different tissue site
thicknesses (APPLE-1004, [0047], [0049]-[0050], FIG. 11A-E; APPLE-1006, 6:4-
20, 6:38-7:40, 8:67-68, 14:52-15:29, 15:35-46) is applicable to a
photoplethysmographic monitor such as Abdul-Hafiz+Raley’s pulse oximetry
system and would be implemented in Abdul-Hafiz+Raley’s system in a manner
that is similar to its implementation in Secker’s system, with Secker’s suggestions
merely improving/adding to Abdul-Hafiz+Raley’s system. APPLE-1011, 75
(“Modern manufacturing techniques have shrunk LEDs to sizes smaller than a
millimeter in length or diameter.... LED size is not an obstacle in the design of
pulse oximeter probes.”). A POSITA would have been capable of employing
ordinary creativity to carry out an implementation of the sensor in a manner
necessary to achieve the advantages taught by Secker by, for example, varying the

size and shape of the cavity and window to accommodate the sixteen LEDs.
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167. Moreover, a POSITA would have viewed the implementation of Abdul-
Hafiz+Raley’s pulse oximetry system in a manner that applied Secker’s teachings
as merely the predictable result (e.g., a sensor with four sets of four LEDs that are
selectable by the oximeter to accommodate different detector-LED spacings for
different sized patients or different tissue site thicknesses) of combining known
prior art elements according to known methods, and would have expected success
in enhancing Abdul-Hafiz+Raley’s system in this way. Secker provides teachings
for achieving more accurate transmission measurements, which apply to
measurements of transmission pulse oximeters. Given the similarities between
Adbul-Hafiz+Raley and Secker, a POSITA would have appreciated that the
benefits provided by Secker’s teachings would apply to Abdul-Hafiz+Raley’s
system. A POSITA would have been motivated and would have found it obvious
and straightforward to implement the system of Abdul-Hafiz+Raley with the
teachings of Secker to achieve such benefits. APPLE-1004, [0047], [0049]-[0050],
FIG. 11A-E; APPLE-1006, 6:4-20, 6:38-7:40, 8:67-68, 14:52-15:29, 15:35-46.

B. Claims 2,4, 11, 13, 23, 25

2. The device of claim 1, wherein the at least three LEDs comprises at least eight
LEDs.

4. The device of claim 1, wherein the at least three LEDs comprises at least
twelve LEDs.

11. The device of claim 10, wherein the at least three LEDs comprises at least
eight LEDs.
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13. The device of claim 10, wherein the at least three LEDs comprises at least
twelve LEDs.

23. The method of claim 19, wherein the at least three LEDs comprises at least
eight LEDs.

25. The method of claim 19, wherein the at least three LEDs comprises at least
twelve LEDs.

168. The Abdul-Hafiz+Raley+Secker combination satisfies claims 2, 4, 11, 13,
23, and 25. As discussed above in Section VIII.A, Secker describes a sensor with
“a multiplicity of transmitter LEDs of one wavelength and a further multiplicity of
transmitter LEDs of a second wavelength” shown in FIG. 8 below. APPLE-1006,
15:35-46. In one example, the sensor includes “red LEDs 70a to 70d and 71a to
71d as well as infrared LEDs 72a to 72d and 73a to 73d.” Id. As shown in
Secker’s FIG. 8, Secker provides four LEDs of the same wavelength on one side of

a detector. APPLE-1006, 15:35-46, FIG. 8.
70u 70b 70c 70d 7l. 73u 73b 73¢ 73d
[B 568 1663 d}
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720 72h 72c 72d 71n 71b 71c Td
FIG.8

APPLE-1006, FIG. 8

169. As also discussed above in Section VIII.A, the Abdul-Hafiz+Raley+Secker
combination incorporates Secker’s teachings of four LEDs of the same wavelength

on one side of a detector to the Abdul-Hafiz+Raley sensor to result in a sensor with
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sixteen LEDs (at least eight/twelve LEDs) including four sets of four LEDs that
are selectable by the oximeter to accommodate different detector-LED spacings for
different sized patients or different tissue site thicknesses, as suggested by Abdul-
Hafiz and Secker. APPLE-1004, [0047], [0049]-[0050], FIG. 11A-E; APPLE-
1006, 6:4-20, 6:38-7:40, 8:67-68, 14:52-15:29, 15:35-46. The figure below shows
an example of sixteen LEDs (at least eight/twelve LEDs) including four sets of
four LEDs arranged on the sensor and selectable by the oximeter to accommodate
different detector-LED spacings for different sized patients or different tissue site
thicknesses, as suggested by Abdul-Hafiz and Secker. APPLE-1004, [0047],
[0049]-[0050], FIG. 11A-E; APPLE-1006, 6:4-20 (“arranged symmetrically with
respect to the receiver, e.g., an unsymmetrical square or rectangle”), 6:38-7:40,

8:67-68, 14:52-15:29, 15:35-46.
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Abdul-Hafiz+Raley’s emitter assembly modified in view of Secker
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APPLE-1005, FIG. 3

170. This example corresponds to detector-LED configuration and spacings as

shown in Abdul-Hafiz’s FIGS. 11D-11E. /d.
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171. A POSITA would have understood that other LED arrangements are
possible, e.g., with the LEDs of the same wavelength arranged horizontally rather
than vertically as shown below, to correspond to detector-LED configuration and
spacings shown in Abdul-Hafiz’s FIGS. 11A-11B. /d.

C. Claims 3, 12, 24

3. The device of claim 2, wherein the at least eight LEDs comprises at least two
LEDs of the same wavelength.
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12. The device of claim 11, wherein the at least eight LEDs comprises at least
two LEDs of the same wavelength.

24. The method of claim 23, wherein the at least eight LEDs comprises at least
two LEDs of the same wavelength.

172. The Abdul-Hafiz+Raley+Secker combination satisfies claims 3,12, and 24
for similar reasons as discussed above in Section VIII.A and claims 2, 4, 11, 13,
23, and 25. As also discussed above, the Abdul-Hafiz+Raley+Secker combination
provides a sensor with sixteen LEDs (at least eight LEDs) including four sets of
four LEDs for each of four wavelengths (at least two LEDs of the same
wavelength) arranged on the sensor that are selectable by the oximeter to
accommodate different detector-LED spacings for different sized patients or
different tissue site thicknesses, as suggested by Abdul-Hafiz and Secker. APPLE-
1004, [0047], [0049]-[0050], FIG. 11A-E; APPLE-1006, 6:4-20, 6:38-7:40, 8:67-
68, 14:52-15:29, 15:35-46.

IX. CONCLUSION

173. Ireserve the right to supplement my opinions to address any information
obtained, or positions taken, based on any new information introduced throughout
this proceeding.

174. 1 declare under penalty of perjury that the foregoing is true and accurate to

the best of my ability.
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Litigation Experiences

2022 retained as Expert Witness by Apple to prepare IPR responses and declarations for
patents related to noise cancellation. Two of these cases has been instituted for IPR, and
others are pending decision. There have been reports, settlements and joinders involving
multiple parties, with the current clients being Sony, Meta and LG.

2021 retained as Expert Witness by Apple for IPR challenge of a pair of patents
describing use of inertial sensors for monitoring of posture and movement of humans for
diagnostics and training. Reports were prepared, and the board recently ruled all claims
of both patents invalid.

2020 retained as Expert Witness by Apple in multiple patents related to design of optical
physiological monitors. IPRs were initially instituted against all thirteen challenged
patents. Subsequent work included preparation and submission of reports and responses,
and numerous depositions. In a string of final written decisions that issued from
February through May 2022, the patent board invalidated all but one challenged claim of
the thirteen patents, subsequent appeals were recently resolved. There is ongoing work
here related to more recent patent challenges by both sides.

2019 retained as Expert witness in case related to wearable baby monitors, including
motion and temperature sensors. Case settled during drafting of expert infringement
report.

2018, retained as Expert witness by attorneys representing Apple in a case related to
algorithms for sensing motion and other physiological parameters in wearable devices,.
Case settled after going on hold for IPR evaluation of IP.

2016, Expert Witness in case involving optical proximity sensors in smartphones. I was
retained by HTC America and Capella, who were defendants in the case. I was
compensated by defendants for work involving Invalidity and Non-Infringement reports,
and was deposed after expert reports on invalidity and non-infringement. This case
settled just a few weeks before trial in march 2017. This was Case Action No. 2:15-cv-
1524-JRG in Marshall Texas.

2015, Expert Witness in Mayfonk —vs- Nike patent infringement suit brought by
Mayfonk. I prepared expert reports on validity and non-infringement. The case settled
just before depositions were taken. I was compensated by Nike for this work. This was
case # Civil No.3:14-cv-00423-MO in the District of Oregon.

2013-2014, Expert Witness in ST Microelectronics —vs- Invensense patent infringement
suit brought in the ITC by ST. I assisted in claim construction, prepared expert reports on
claim construction, validity and infringement, and provided deposition testimony. This
case settled after opening statements. I was compensated by Invensense for this work.
This was ITC Investigation # 337-TA-876.

2011-2012, Expert Witness in St. Jude Medical-vs-Volcano Corp patent infringement suit
and counter suit. Assisted in claim construction, prepared expert reports, provided
deposition testimony and trial testimony. I was compensated by Volcano Corporation for
this work.

2011, Retained by Maxim Integrated Systems to examine documents and prepare
opinions as to the value of certain documents in the possession of former employees of
ST Microelectronics. I was compensated by Maxim for this work. This was Italian
proceeding Rg. 50253/2011.
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DARPA Program Manager Portfolio (10/1/06 — 9/30/10)

DARPA MIATA Program (MicroAntenna Arrays — Technology and Applications).
e $40M Program Launched by Henryk Temkin in 2005

e Focused on microfabricated antennas for mm-wave radiation sensors, and on
integration of antenna, sensor, amplifier and readout circuitry in same structure

DARPA TGP Program (Thermal Ground Plane).
e $50M Program Launched by Thomas Kenny in 2007
e Focused on microfabricated vapor chamber chamber heat spreaders with reduced
dimensions, increased performance, and circuit-compatible materials

DARPA YFA Program (Young Faculty Award).
e $7M/year Program Launched by Henryk Temkin in 2006, re-run in 2007 and 2008.

e Provided small ($200K) grants to promising young faculty throughout the US with
ideas and interests that could lead to new technologies for the DoD.

DARPA TBN Program (Tip-Based Nanofabrication)
e $50M Program Launched by Thomas Kenny in 2007
e Focused on controlled nanofabrication, with emphasis on controlling the size, shape,
location and other properties of every nanostructure formed on a surface.

DARPA MACE Program (Microtechnologies for Air-Cooled Exchangers).
e $35M Program Launched by Thomas Kenny in 2008
e Focused on use of microtechnologies in air-cooled heat exchangers

DARPA NTI Program (NanoThermal Interfaces).
e $30M Program Launched by Thomas Kenny in 2009
e Focused on development of new nanostructured materials for enhanced thermal
interfaces for electronics cooling.

DARPA CEE Program (Casimir Effect Enhancement).
e $10M Program Launched by Thomas Kenny in 2010
e Focused on demonstration of reduced adhesion at the nanoscale through the use of the
Casimir effect

DARPA ACM Program (Active Cooling Modules).
e $30M Program Launched by Thomas Kenny in 2010)

e Focused on development of complete, high-performance cooling modules based on
thermoelectric refrigeration, vapor compression refrigeration, and other novel
refrigeration concepts.

DARPA NJTT Program (Near-Junction Thermal Transport).
e $25M Program Formulated by Thomas Kenny in 2010, Launched by Avram Bar-
Cohen in 2011
e Program focus is on enhanced thermal conduction in the region immediately beneath
the hot spots in high-power electronic devices.

DARPA “Seedlings” ($250K efforts to prove key initial pieces of technology)
e ~20 projects solicited, launched and managed
e Produced important early results for TGP, TBN, NTI and ACM programs.
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Patents (>50 Issued US Patents)

1.

10.

11.

12.

13.

Targeting Microbubbles, Robert H Grubbs, Marshall L Stoller, Hoyong Chung, Alissa M
Fitzgerald, Thomas W Kenny, Renee M Thomas, US Patent 10,357,565 (7/23/2019), US
Patent 10,149,906B2 ((12/11/2018), EP3375435A1, EP2748299B1, CN103917637B,
WO02013028942A1, KR102076069,

Composite Mechanical Resonators and Method Therefor, R. Melamud, B. Kim, M.
Hopcroft, S. Chandorkar, T, Kenny, US Patent 7,806,586 (9/5/10), US Patent #7,824,098
(11/2/10).

Cooling Systems Incorporating Heat Exchangers and Thermoelectric Layers, Thomas W.
Kenny, Mark Munch, Peng Zhou, James Gill Shook, Kenneth Goodson, Dave Corbin, Mark
McMaster, James Lovette, US Patent 8,464,781 (6/18/13).

Pump and Fan Control Concepts in a Cooling System, S. Sinha, M. Munch, K. Goodson,
T. Kenny, US Patent # 7,591,302 (9/22/09), US Patent #8,602,092 (12/10/13)

Remedies to Prevent Cracking in a Liquid System, M. Munch, D. Werner, T. Kenny, K
Goodson, US Patent # 7,077,634 (7/18/06), US Patent # 7,201,214 (4/10/07), US Patent #
7,201,012 (4/10/07). US Patent # 7,278,549 (10/9/07), US Patent#7,344,363 (3/18/08), US
Patent # 7,402,029 (7/22/08), Pending (US2005/0182845A1, US2005/0183445A1,
US2005/0183444A1, US2005/0183443A1, US2005/0016715A1, WO0471139A3,
WO004071139A2, US2004/0148959A1)

Apparatus for Conditioning Power and Managing Thermal Energy in an Electronic
Device, T.W. Kenny, K.E. Goodson, J.G. Santiago.,G. K. Everett US Patent # 7,061,104
(6/13/06)

Boiling temperature Design in Pumped Microchannel Cooling Loops, P. Zhou, S. Zheng,
T. Kenny, M. Munch. G. Upadhya, K. Goodson, J. Santiago, US 2004/0182551A1,
WO004083742A2).

Method and Apparatus for achieving temperature uniformity and hot-spot cooling in a
heat-producing device, K. Goodson, T. Kenny, P, Zhou, G. Upadhya, M. Munch, M.
McMaster, J, Hom, US Patent# 7,104,312 (9/12/06), US2004/0112585A1, WO
04042306A3, WO 04042306A2.

Hermetic Closed-Loop Fluid System, D. Werner, M.. Munch, and T. Kenny, US Patent #
7,021,369 (4/4/06).

Removeable Heat Spreader support mechanism and method of manufacturing thereof, G.
Upadhya, M. Munch, P. Zhou, K.E. Goodson and T.W. Kenny, US 2004/0233639A1,
WO004070304A3, WO04070304A2,

Method and Apparatus for Low-Cost Electrokinetic Pump Manufacturing, J. Lovette, M.
Munch, J.G. Shook, S. Zheng, T.W. Kenny, D. Werner, Z. Cichocki, TCE. Lin,
2004/0234378A1, WO04076857A2).

Apparatus and Method of Forming Channels in a Heat Exchanging Device, T. Kenny, M.
McMaster, J. Lovette, US Patent # 7,017,654 (3/28/06).

Boiling Temperature Design in Pumped Microchannel Cooling Loops, P. Zhou, S.
Zheng, T. Kenny, M. Munch, G. Upadhya, K. Goodson, J. Santiago, Pending
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18.
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26.

27.

28.

Method and Apparatus for Efficient Vertical Fluid Delivery for Cooling a Heat-
Producing Device, T. Kenny, M. Munch, P. Zhou, J. Shook, K. Goodson, D. Corbin, M.
McMaster, J. Lovette, US Patent#7,000,684 (2/21/06), US 2004/0206477A1, US
2004/0112571A1, WO04042304A3, WO04042304A2, WO04042297A3, WO04042297A2,

Apparatus for Conditioning Power and Managing Thermal Energy in an Electronic
Device, K. Goodson, J. Santiago, T. Kenny, and G Everett, US Patent #6,882,543,
10/882475, 10/883530, 10/882607

Interwoven Manifolds for Pressure Drop Reduction in Microchannel Heat Exchangers, G.
Upadhya, M. Munch, P. Zhou, G. Shook, T. Kenny, K. Goodson, D. Corbin, US Patent#
6,986,382 (1/17/06) US 2004/0104010A1, WO04042303A3, WO04042303A2

Method and Apparatus for Flexible Fluid Delivery for cooling desired Hot Spots in a
heat-producing device, T. Kenny, J.G. Shook, D. Corbin, M.Munch, K. Goodson, US
Patent# 6,988,534 (1/24/06), US2004/0104022A1, WO04042313A1

Vapor Escape Microchannel Heat Exchanger, P. Zhou, K. Goodson, T. Kenny, J
Santiago, Pending 10/366122.

Ultra-Miniature Accelerometers, T.W. Kenny and W.T. Park, US Patent# 7,104,130,
(9/12/06), WO0492746A1

Method and Apparatus for Removably Coupling a Heat Rejection Device to a Heat
Producing Device, T.W. Kenny, K.E Goodson, US 2004/0076408A1.

Microfabricated Electrokinetic Pump with On-Frit Electrodes, T. Kenny, J.G. Shook, S.
Zeng, D.J. Lenehan, J. Santiago, J. Lovette, US Patent # 7,086,839 (8/8/06)

Microfabricated Electrokinetic Pump, D. Corbin, K. Goodson, T. Kenny, J. Santiago, and
S. Zheng, US Patent # 6,881,039 (5/27/04), US 2005/0042110A1, US200500843385A1, US
Patent # 7,449,122 (11/11/08)

Electroosmotic MicroPump with Planar Features, D. Laser, J.G. Santiago, K.E.
Goodson, and T.W. Kenny, US Patent 7,316,543 (1/8/08)

UltraMiniature Pressure Sensor and Probes, M. Bly, T.W. Kenny, S.A. Shaughnessey,
M.S. Bartsch, US Patent #6,959,608

Method of making a Nanogap for Variable Capacitive Elements, and Device having a
NanoGap, M. Lutz, A. Partridge, and T.W. Kenny, WO 04095540A3, WO 04095540A2, US
Patent 7,127,917 (2/6/07)

System Including Power Conditioning Module, T.W. Kenny, K.E. Goodson, J.G.
Santiago, C. K, Everett, R. Chaplinsky, J. Kim, US Patent # 6,678,168.

Power Conditioning Module, T.W. Kenny, K.E. Goodson, J.G. Santiago, C. K, Everett,
Patent # 6,606,251 (8/12/03), US Patent # 7,050,308 (5/23/06).

Closed-Loop Microchannel Cooling System, K.E. Goodson, D.E. Huber, L. Jiang, T.W.

Kenny, J-M Koo, J.C. Mikkelsen, J.G. Santiago, E. Wang, S. Zheng, L. Zhang, D. Laser,
H. Chen, US Patent # 7,334,630 (2/26/08), US20050205241A1.

162



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Electroosmotic Microchannel Cooling System, K.E. Goodson, D.E. Huber, L. Jiang,
T.W. Kenny, J-M Koo, J.C. Mikkelsen, J.G. Santiago, E. Wang, S. Zheng, L. Zhang, D.
Laser, H. Chen, US Patent # 7,185,697 (3/6/07), US Patent # 7,131,486 (12/7/06), Patent
# 6,942,018 (9/13/05) US Patent#6,991,024 (1/24/06), US Patent #7,131,486 (11/7/06)
EP1576320A2, US2005/0098299A1, US2004/0089442A2, US2003/0164231A1,
WO00302973A3, W0O0302973A2, US2003/0062149A1,

Adhesive Microstructure and Method of Forming Same, B. Full, K. Autumn, R. Fearing,
and T. Kenny, US Patent # 6,737,160, US Patent # 7,011723 (3/14/06), US Patent #
7,229,865 (7/11/07), US20050072509A1, US2004/0005454A1, EP1241930A4,
WO00149776C2, EP1241930A2, WO 0149776A3, WO0149776A2.

Non-Contact Mechanical Resonance Method for Determining the Near-Surface Carrier
Mobility in Semiconductors, T.D.Stowe, D. Rugar, and T.W, Kenny, Patent #6,489,776
(12/3/02)

In-Plane Micromachined Accelerometer and Bridge Circuit having same, A. Partridge,
A. M. Fitzgerald, B.W. Chui, J. K. Reynolds and T.W. Kenny, Patent # 6,389,899
(5/21/02)

Method of Making Electrical Elements on the Sidewalls of Micromechanical Structures,
B.W. Chui and T.W. Kenny, Patent # 6,025,208 (2/15/00).

Micromachined Cantilever Structure Providing for Independent Multidimensional Force
Sensing Using High Aspect Ratio Beams, B.W. Chui and T.W. Kenny, Patent # 5,959,200
(9/28/99).

Tunnel Effect Measuring Systems and Particle Detectors, W.J. Kaiser, S.B. Waltman, and
T.W. Kenny, Patent #5,290,102 (3/1/94/94), Patent #5,265,470 (11/30/93), 5,293,781
(3/15/94).

Methods and Apparatus for Improving Sensor Performance, W.J. Kaiser, T.W. Kenny,
S.B. Waltman, J.K. Reynolds and T.R. VanZandt. Patent # 5,211,051 (5/18/93).

Tunnel Effect Wave Energy Detection, W.J. Kaiser, S.B Waltman, and T.W. Kenny.
Patent # 5,449,909 (9/12/95).

Uncooled Tunneling Infrared Sensor, T.W. Kenny, W.J. Kaiser, J.A. Podosek, E.C. Vote,
H.K. Rockstad, and J.K. Reynolds. Patent # 5,298,748 (3/29/94).

Uncooled Tunneling Infrared Sensor, T.W. Kenny, W.J. Kaiser, J.A. Podosek, E.C. Vote,
R.E. Muller, and P.D. Maker. Patent # 5,436,452 (7/25/95)

Dual Element Electron Tunneling Accelerometer, W.J. Kaiser, T.W. Kenny, H.K.
Rockstad, J.K. Reynolds, and T.R. VanZandt. Patent # 5,563,344 (10/8/96)

High Performance Miniature Hygrometer and Method Thereof, T.R. VanZandt, W.J.
Kaiser, and T.W. Kenny, Patent # 5,364,185 (11/15/94).

Method and Apparatus for Measuring a Magnetic Field using a Deflectable Energized
Loop and a Tunneling Tip, W.J. Kaiser, S.B. Waltman, and T.W. Kenny, Patent #
5,315,247 (1994)
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