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FRI DAY, JUNE 27, 2025, 9:31 A M
HELD REMOTELY VI A VI DEOCONFERENCE
000
THE STENOGRAPHER: My nane is Tam Le. | am
a California Certified Shorthand Reporter,
Li cense No. 8716.

BLAKE HANNAFORD, Ph.D.,
havi ng been first duly sworn, was

exam ned and testified as fol | ows:

EXAM NATI ON
BY MR RUBI N

Q Good norning, Dr. Hannaford.

A Good norning, M. Rubin,

Q So you' ve been deposed twice this week in
other | PRs between Apple and Resonant Systens; is that
ri ght?

A That's correct.

Q And you're famliar with the deposition
process?

A Yes.

Q So | won't go over the ground rules again
unl ess you have any questi ons.

Do you have any questions about the rules
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governi ng today's deposition?
A | have no questions.
Q Are you -- w thdrawn.
|s there any reason you can't give conplete
and accurate testinony here today?

A No.

Q Are you currently suffering fromany illness
or taking any nedication that would affect your nenory
or your ability to understand and answer questions?

A | am not .

Q So today we're here in | PR2024- 00983 brought
by Apple, Inc. against Resonant Systens, Inc. And you
submtted a declaration in that IPRwith a date of
June 3rd of this year; is that right?

A | -- that's approximately right inny -- |
can't remenber the exact date, but | did submt a
decl aration around that tinme.

Q And that was the second declaration you
submtted in that IPR is that right?

A There is a supplenental declaration, yes.

Q Do you have any printed materials with you
here today?

A No.

Q Do you have any materials in electronic form

for your use during the deposition?
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A No, | don't.

MR RUBIN. |'ve just uploaded in the Zoom
chat Exhibit 1018 in this IPR

(Docunent published on the screen.)
BY MR RUBI N

Q Are you able to downl oad that?

A G ve me one noment. Successfully downl oaded,
Exhibit 1018.

Q Does this appear to be a copy of the
decl aration that you signed that was submtted in
| PR2024- 009837

A Yes. And it has ny signature on the |ast
page and date. As you stated, June 3.

Q Sitting here today, are you aware of any
errors in this declaration or things that you'd |ike
to correct?

A No.

Q |'d like to turn to Paragraph 16 of your
decl aration on Page 11. And here you produce a quote
fromthe patent owner's response, which reads in part:

"Al exander is not about resonant
notors at all."
Do you see that?
A | see that quotation, yes.

Q Now, | understand that you disagree with the
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statenment that "Al exander is not about resonant notors
at all"; is that right?

MR. DEUTSCH. (bjection; form
BY MR RUBI N

Q And maybe | should restate that because there
are a few layers of negation in there.

So the portion of the quoted statenent that
says "Al exander is not about resonant notors at all,"
you disagree with that portion of the quoted
statement; correct?

A | don't recall, sitting here now, that
Al exander discloses a resonant notor.

Q And you don't offer any opinions in this
decl aration that Al exander discloses a resonant notor;
correct?

A Wll, I -- 1 -- 1 still have the opinion that
they -- that Alexander -- that they don't accurately
summari ze Al exander in Cosper or how a POSI TA woul d
I nterpret those references, but | don't recall a
statenment anywhere in ny declaration that Al exander
di scl oses resonant notors.

Q Did you offer any opinion in your declaration
t hat Al exander discl oses anything about resonance at
all?

A Not that | recall, sitting here today, other
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than a systemthat can be adapted to have resonance.
MR RUBIN. |'ve just uploaded, using the
chat function, Exhibit 1006, which is a U S. patent
application publication to Cosper, et al.
(Docunent published on the screen.)
BY MR RUBI N
Q Are you able to downl oad that?

A Yes, sorry. Just one second. Yes, | have

Q You of fer sone opinions about Figure 1 of

Do you recogni ze that figure?

A | do.

Q Wul d you agree this figure is a schematic
draw ng?

A Sorry. I'mfiddling with the orientation on
my copy, and now it matches what | see on your screen.

Yes.

Q And woul d you agree that a schematic draw ng
shows connections between conponents but not
necessarily their physical appearance, |ayout, or
directions of notion?

MR. DEUTSCH. (nhjection; form
THE DEPONENT: That sounds |ike a common

definition of schematic draw ng, yes.
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BY MR RUBIN:

Q Goi ng back to your supplenental declaration.

| n Paragraph 15, you quote from Cosper saying it
descri bes, quote:
"Systens and nethods for control of
a mass and bias (e.g. elastoneric
menbers) subassenbly, including
oscillating mechani cal systens, that
operate in an oscillatory node at or
near their nechanical resonant
frequency. "
Do you see that?

A Yes, | see that quote in Paragraph 15.

Q So do you believe that a POSI TA woul d have
been notivated to create a conbination of Al exander
and Cosper that included el astomeric nenbers?

MR DEUTSCH. (bjection; form
THE DEPONENT: | interpret -- | think a
POSI TA woul d interpret that quote, in particular the

term"bias," to be a spring which can be, for

exanple -- and the letters "e.g." are known to stand
for that in Latin -- an elastoneric nenber can be a
spring.

BY MR RUBI N

Q Wul d you agree that an el astoner --
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Wi t hdr awn.

Wul d you agree that the term"el astomer”
generally refers to a class of polynmers?

MR. DEUTSCH. (bj ection; scope.

THE DEPONENT: Polymers with elastic
properties is what -- is how !l think a POSI TA would
interpret that in this context.

BY MR RUBI N

Q So when you say -- W thdrawn.

So when you said a nonent ago that an
el astoneric nenber can be a spring, were you saying
that a spring could be used that is nmade out of a
polymer with elastic properties?

A You know, reading that quote as a whol e,
they're clearly tal king about operation at or near a
mechani cal resonant frequency, and that requires a
mass and an elastic element. A spring is an elastic

el enent, and an elastomer is also an el astic el enent.

And their use -- their nore generic termis
"bias," which | -- | would feel is an unusual term for
a spring or an -- unusual termfor an elastic elenent,

but | believe it's clarified to a POSITA by the full
sentence which includes operating in an oscillatory
mode at or near their nmechanical resonant frequency.

Q Let's turn to Paragraph 35 in your
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decl arati on.
A ' mthere.
Q In the first sentence, you refer to:
" Advant ages associated with

derivation of velocity including the

sharper peak associated with velocity

or acceleration (dv/dt)."

Do you see that?

A Yes.

Q What is the sharper peak you're referring to?

A It refers to a POSITA being famliar with the
Idea that if you were to nmake a graph of velocity
versus frequency, it would have a peak at the resonant
frequency and it would be a | arger peak than the peak
In a graph of displacenment or position versus
frequency.

Q Wul d you agree that for a device operating
at or near resonance, both the -- wthdrawn.

Wul d you agree that for a device operating
at or near resonance, each of the graphs of position
versus time, velocity versus tinme, and accel eration
versus time will be approxinmately sinusoids?

MR. DEUTSCH. (njection.

THE DEPONENT: Yeah, in the -- sorry.

In the abstract, mathematically speaking,
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yes, | agree with that.
BY MR RUBIN:

Q Wul d you agree that for a given frequency,
each of those graphs of position, velocity,
acceleration will have the sane period?

A Al waves that have the sane frequency al so
have the same period, so yes.

Q So if the graphs of position, of velocity,
and of acceleration are each sinusoids with the sane
period, in what sense does the graph of velocity or of
accel eration have a sharper peak than the graph of
posi tion?

A Your two previous questions have referred to
a graph of position, velocity, or acceleration versus
time. But the graph | described, if you go back and
check what | said, is a graph of anplitude or strength
of the signal versus frequency. So those are just
di fferent graphs.

Q At any given frequency, would you agree that
the anplitude of the velocity versus tine graph is
equal to the anplitude of the position versus tine
graph tines the frequency?

MR, DEUTSCH. (njection; scope.
THE DEPONENT: | mght want to review that

mat h, but sitting here right now, | agree wth what
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you sai d.
BY MR RUBIN:

Q Suppose that the position is defined by a
function A sine of onega T or where A is the anplitude
and omega is the frequency, then velocity woul d be
somet hing, like, A onega cosine onega T, right?

A That sounds right to me sitting here now.

MR. DEUTSCH. (bjection; scope on the
questi on.
BY MR RUBI N

Q And anplitude woul d be m nus onega squared --
|'msorry, mnus A onega squared sine onega T?

A Coul d you reask that question. |'msorry. |
couldn't quite hear.

Q |'msorry. | msstated the question. Let's
start over.

The acceleration as a function of tine would
then be mnus A omega squared sine onega T?

MR, DEUTSCH. (njection; formand scope.

THE DEPONENT: Again, sitting here right now,
t hat sounds correct for a general sinusoid.
BY MR RUBI N

Q So -- w thdrawn.

So if we inmagine the graph of the anplitude

In position as a function of velocity -- |'msorry.
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1 | f we imagine the graph of anplitude in

2 position as a function of frequency, we'll have sone
3 peak near the resonant frequency, and it wll fall

4 off, that is, the anplitude will fall off as the

5 frequency noves away fromthe resonant frequency; is
6 that right?

7 MR, DEUTSCH. (nhjection; formand scope.

8 THE DEPONENT: It's a -- it's -- it's correct
9 to the extent that the systemis resonant. So if the
10 systemis less resonant, it turns out the peak is

11 slightly different than -- the peak noves relative to
12 a highly resonant frequency, but these are fine

13 details. At a -- at a sort of a coarser |evel of

14  analysis, what you said is correct.

15 BY MR RUBI N

16 Q Ckay. So to go fromthat graph of position
17 anplitude versus frequency to a graph of velocity

18 anplitude versus frequency, you'd take that graph and
19 you'd multiply each value on the graph by the
20 frequency; right?
21 MR. DEUTSCH. (bjection; form
22 THE DEPONENT: Yeah, | nmean, you're asking
23 sort of mathematical questions based on a verbal
24  description. 1'd like to see your math. But | -- it
25 sounds -- to the extent that | can answer it
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accurately, it sounds approxinately right.
BY MR RUBIN:

Q Now, woul d you agree that the peak in that
graph wll be shifted somewhat fromthe peak in the
position versus -- position anplitude versus frequency
graph?

MR. DEUTSCH. (bjection; form

THE DEPONENT: It wll be shifted to a higher
peak.

BY MR RUBI N

Q Wiy would it be shifted to -- well,
Wi t hdr awn.

Wul d you agree that it will be shifted to a
different position, that is, a different value of the
frequency?

MR. DEUTSCH. (nhjection; form

THE DEPONENT:  No.

BY MR RUBI N
Q Way do you say the peak woul d be sharper?
A It's multiplied by onmega relative to the

anpl i tude of position.

Q | magi ne that omega, that resonance is |ess
than 1. In that instance, would the peak be sharper
or not?

MR. DEUTSCH. (bjection; formand scope.
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THE DEPONENT: |'d have to work out that
mat h.

BY MR RUBI N

Q So when you say that the peak woul d be
sharper, your reason for saying that is that there's
mul tiplication by a factor of onega? That is, when
you say that the peak woul d be sharper in the velocity
versus -- wthdrawn.

When you say that the peak woul d be sharper
in the velocity anplitude versus frequency curve than
In the position anplitude versus frequency curve, your
reason for saying that is that there's a factor of
onmega appearing as a nultiplicative factor in the
vel ocity anplitude?

MR. DEUTSCH. (bjection; form

THE DEPONENT: Anopng ot her reasons, yes.

BY MR RUBI N

Q What ot her reasons?

A As we go into later, a velocity conputation
could drive -- could be used for -- for exanple, in a
band- pass filter, which would potentially increase the
anplitude of the measurement or reduce -- sharpen the
peak actually, reduce the noise in other frequencies.

So |l -- 1 think, you know, it's -- there are

a lot of reasons to conmpute the velocity of the signa
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1 that would inprove the ability of the systemto track
2 the resonant frequency.

3 Q You refer to -- w thdrawn.

4 In the mddl e of Paragraph 35, you refer to
5 using velocity as inputs to a band-pass filter or

6 Kalman filter.

7 Do you see that?

8 A Yes.

9 Q And am | pronouncing Kal man correctly? Do
10 you know?

11 A Yeah.

12 Q Kal man. All right.

13 So the band-pass filter you're referring to,
14  what would its inputs be and what would its outputs
15  be?

16 MR. DEUTSCH  (njection; form

17 THE DEPONENT: If -- what | think a PCSITA
18 would understand from Gregorio is that you woul d

19 neasure, for exanple, a position froma sensor, and
20 POSITAs are well aware that many tines sensor
21 measurenents also contain noise in addition to the
22 signal that is of interest.
23 So frequently a filter is applied to the raw
24 information or raw signal that cones out of --
25 otherwise, lets -- by "raw," | nean, otherw se
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1 unprocessed signal that conmes out of a sensor. And

2 one such filter is a band-pass filter which excludes

3 frequenci es bel ow and above -- or let's say

4  predom nantly excludes frequencies below a band and

5 above a band. And the band would be the range of

6 frequencies that the POSI TA woul d expect the systemto
7 operate at.

8 BY MR RUBI N

9 Q What woul d be the inputs of the band-pass

10 filter that you believe a POSI TA woul d have recogni zed
11  would have been used in Gegorio and what do you

12 believe the outputs of that band-pass filter would be?
13 MR. DEUTSCH. (bjection; formand scope.

14 THE DEPONENT: The input would be the signal
15 froma position sensor. The output would be a signal
16 used to determine velocity, for exanple, by dv/dx

17  (Pdt).

18 BY MR RUBI N

19 Q And P there is the position?
20 A Yes. So the output would be a position
21 signal with the frequencies bel ow a band-pass and
22 above a band-pass filtered or attenuated.
23 Q You also refer to a Kalman filter. Wat is a
24  Kalman filter?
25 A It's a nore sophisticated, mathematically
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1 defined filter which requires various -- you know, it
2 requires a predictor and a corrector. It balances a
3 nodel prediction with a noisy signal. So -- but it --
4 in conputing it, you -- anong -- you have to conpute
5 terns which are equivalent to a derivative.

6 Q So when you say you have to conpute terns

7 that are equivalent to a derivative, you have to

8 conpute the difference between consecutive val ues of

9 position?

10 A That's one way to do it, yes.

11 Q So woul d the Kalman filter you're describing
12 here take as inputs a sequence of position

13  nmeasurenents and based upon those inputs, estimte the
14  position and rate of change of position and then

15 update those estimates as new position measurenments
16 that are received?

17 MR. DEUTSCH: (bjection; form

18 THE DEPONENT: That's a reasonabl e high-1eve
19 explanation. It creates an optinmal trade-off between
20 using a nodel of the systemand using the neasurenent.
21 So it -- it elimnates noise in a proveably optinma
22 way.
23 But I -- | don't nean -- | don't offer any
24 opinion about a detailed inplenmentation for a Kal man
25 filter because | wasn't asked to. |I'mjust giving it
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as an exanple of a thing that POCSI TAs woul d
understand. |t may or nay not be an overconpl ex
filter for this kind of application, but it is one
that is relevant and woul d benefit froma derivative.
BY MR RUBI N

Q |'d like to turn to Paragraph 36.

In the second-to-last sentence you say that
calculating dv/dt is expressly mentioned in Gegorio
to calculating "how far the nass will rise above the
zero crossing in determning the resonant frequency."

Do you see that?

A | do.

Q So as you understand Gegorio, howis
calculating dv/dt used in order to determ ne how far
the mass will rise above the zero crossing? Wat's
the relationship between dv/dt and how far the mass
wll rise above the zero crossing?

MR DEUTSCH. (bjection.

THE DEPONENT: You kind of -- oh, sorry.

Go ahead, Craig.

MR. DEUTSCH. (bjection; form

THE DEPONENT: You kind of conbined a couple

questions there, so | was going to ask you to split it

up.
111
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BY MR RUBI N

Q As you understand G egorio, howis
cal culating dv/dt used in order to determ ne how far
the mass will rise above the zero crossing?

A The anount the mass rises above the zero
crossing, as | interpret it, as | think a POSI TA would
interpret it, is another way to say the anplitude.
And calculating the anplitude is -- is -- as we went
over, can conme fromthe acceleration signal dv/dt, and
it's a known effect of option for tracking the
resonance.

Q So in order to determne how far the nmass
W ll rise above the zero crossing in Gegorio, is the
systemcal culating dv/dt once? Is it calculating it
at a sequence of points in tine?

What's the actual procedure that G egorio
woul d use to determine the -- how far the nmass w |
ri se above the zero crossing?

MR, DEUTSCH. (njection; formand scope.

THE DEPONENT: | think a POSI TA woul d
under stand various options. One would be first
conpute V by nmeasuring the differential or the change
in position divided by the change in tine, delta T,
and then, in turn, conputing dv/dt the sanme way.
111
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BY MR RUBI N

Q And t hen what woul d happen next in order to
determ ne how far the nmass wll rise above the zero
Crossi ng?

MR. DEUTSCH. (bjection; form

THE DEPONENT: The anplitude will be inferred
fromthe acceleration as we discussed.

BY MR RUBI N

Q So will it be inferred fromthe val ue of
acceleration at a single point intinme? At a sequence
of different points in tine?

A There are many ways --

MR. DEUTSCH. (bjection -- objection; form
and scope. Sorry.

THE DEPONENT: Sorry.

There's many ways known to a PCSI TA to do
that and it's -- you know, another interpretation of
this zero crossing quote is that the value of dv/dt
taken at the tine of the zero crossing would be useful
I n determning the resonant frequency.

MR. RUBIN. Pass the w tness.

THE DEPONENT: |'msorry. | heard a very
partial word.

MR RUBIN. Al right. Sorry. | said |I"l

pass the w tness, so...
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THE DEPONENT: Ckay.

MR RUBIN. If M. Deutsch has any questions,
he can ask them now.

MR. DEUTSCH. Yeah, just a couple questions,
Dr. Hannaf ord.

THE DEPONENT: Ckay.

EXAM NATI ON
BY MR DEUTSCH:
Q If we could turn to Exhibit 1006, briefly.
And do you recall discussing Figure 1?

A Sorry. I'mneeding to pull that up. | have
It, yes.

Q Wul d you agree that even though, you know, a
figure like Figure 1 can be described as schematic,
that it -- that a POSITA can still discern various
t hi ngs about the conmponents and the rel ati onshi ps of
t he conmponent s?

MR. RUBIN. (hjection; scope. bjection;
| eadi ng exception. bjection; form

THE DEPONENT: | believe this schematic
diagram fully conveys a resonant system having a naess
and a spring and other conponents in such a way that a
POSI TA woul d understand both the physics of how it

wor ks and al so enhancenents |i ke a sensor and feedback
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and al so woul d understand ways to build such a
resonant system

MR. DEUTSCH: Thank you. No further
questi ons.

MR RUBIN. Al right. No further questions
for me. So | think we can go off the record.

THE STENOGRAPHER: Do you need a copy of the
transcript?

MR, DEUTSCH. Yes, please. W don't need any
rush time frame or anything |ike that.

THE STENOGRAPHER: Do either of you need a
rough draft?

MR RUBIN |'Il take a rough.

MR, DEUTSCH. Yes, please.

(The deposition concluded at 10:23 a.m)
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REPORTER S CERTI FI CATE

|, TAM L. LE CSR # 8716 do hereby certify that
t he foregoing deposition of BLAKE HANNAFORD, Ph.D.
was taken on JUNE 27, 2025 via zoom vi deoconference before
me at 9:31 AM for the purpose in the caption stated; that
the Wtness was first duly sworn to tell the truth, the
whol e truth, and nothing but the truth; that the deposition
was taken before me stenographically and afterwards
transcribed under ny direction; that the foregoing is a
full, true, and correct transcript of the said deposition
so given; that counsel for all parties were present at
the time of the deposition; that there was not a request
for the witness to read and sign the transcript.

| further certify that i amneither of counsel nor

of kin to any of the parties to this action, and amin
no way interested in the outcome of said action.

Wtness My Signature on July 14, 2025.
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I, Tam L. Le, Certified Shorthand Reporter,

Certificate No. 8716, for the State of California,
RPR, hereby certify:

| am the deposition officer that
stenographically recorded the testinony in the
f or egoi ng deposition;

Witten notice pursuant to Code of C vi
Procedure, Section 2025.520(a) having been sent to the
deponent, the deponent:

() I'n person nade the changes set forth in
t he foregoi ng transcri pt;

( ) Approved the transcript by signing it;

() Failed or refused to approve the
transcript by not signing it;

() By signed letter attached hereto, nade
t he changes set forth therein and
approved, or refused to approve, the
transcri pt;

() Failed to contact the deposition
officer within the allotted tine
peri od.

Dated: July 12, 2025.

/sl
TAM L. LE
Certified Shorthand Reporter No. 8716, RPR
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