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Petition for Inter Partes Review of USP 8 461,719

¢ Ground 3: Claim 16 is unpatentable under 35 U.S.C. § 103 over Cook-

523 and Pohjonen,

e Ground 4: Claim 17 is unpatentable under 35 1J
Cook-523.
1l Background

A.  The 719 Patent (Ex. 1001)
The "719 patent generally relates to wireless energ)

“source resonator” and a “second” (or “device™) resonato

of the resonator’s inductive and capacitive components.
A “resonator” is “a system that can store energy in

forms, and where the stored energy is oscillating between)
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1l. Background
A.  The 719 Patent (Ex. 1001)

The *719 patent generally relates to wireless energy transmission between a
“source resonator” and a “second” (or “device™) resonator, and the size and design
of the resonator’s inductive and capacitive components. 719 patent 3:48-64.

A “resonator” 15 “a sysiem that can store energy in at least two different

forms, and where the stored energy 15 oscillating between the two forms,” such as a

capacilor and an inductor.




17. A system, comprising:

a source resonator having a Q-lactor (Q, and a charactenstc 3
size X, and a second resonator having a Q-factor (Q, and
a charactenstc size X, and located a distance LY from the
SOLUMCS resoalor.

wherein the source resonator and the second resonator are
coupled o exchange energy wirelessly among the
source resonator and the second resonator, and wherein
VO, is greater than 100; and

wherein at least one of the resonators includes a coll of a
plurality of turmns of a conducting material connected to
a network of capaciors. wherein the plurality of turns
are In @ common plane, and wherein a charactensic
thickness of the at least one of the resonators 1s much less
than a charactenstic size of the at least one of the reso-
Malors.
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The Term “Network of Capacitors™ Should Be Construed To
Mean “a Circuit Topology of Passive Components Including One
or More Capacitors That Provides Two or More Degrees of
Freedom™

Starting w ith the claim [;-J.ngu.u}_.'_: itself, claim 17 recites that *at least one of

the resonators includes a coil of a plurality of tums of a cg

connected to a network of capacitors.” "719 patent 99:1

“aetwork™ i defined s an sercomaecton of “rsimance The Term “Network of Capacitors™ Should Be Construed To
[capacnors), and mutual inductances ...." Terman-1943 | Hﬂ. —- Ci“ﬂi Tn# ' -F I!“rt EanI- ll]th.“ﬁl]: I h E

Horenstein Decl. § 37. In the '719 patent, a network of cf

or More Capacitors That Provides Two or More Degrees of

52:32-38; Horenstein Decl. 71 38-40. F I .

In context, as described in the specification, a reso
mnductive element, such as a coil or loop of a conducting 4
capacitance that may be realized by a network. *719 patent 20:12-17, 43:65 — 44:6.
The inductive element provides primanly the reactive (imaginary ) component of a
complex impedance. Horenstein Decl. 9 41. The capacitance realized by the
network may control the complex impedance, which requires that the network
includes two or more degrees of freedom to control or regulate both the real and
imaginary components of the complex impedance. "719 patent 44:3-6, 42-46,

45:58-61, 69:56-60, Horenstein Decl. 99 41-42.
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Further, as disclosed, a magnetic resonator includes an
inductive element, such as a coil or loop of conducting
material, that provides primarily the reactive (imaginary)

component of a complex impedance. 719 Patent, 43:65 — 44.6.

The magnetic resonator also includes a capacitance that may
be realized using a network, and used to control or regulate

the complex impedance. ‘719 Patent at 20:12-17.
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The network therefore requires two or more degrees
of freedom to control or regulate both the real and
imaginary components of the complex impedance.
Id. 44:3-6, 42-46; 45:58-61 and 64-66 ; 69:36-50; 56-
60 ; Horenstein Decl. {9 41-42.
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45
coupled magnetic resonators, a high € may be desired for the
resonators. Therefore, the inductive element may be chosen
to have low losses (high X/R).

Since the matching circuit may typically include additional
sources of loss inside the resonator, the components of the
matching circuit may also be chosen to have low losscs,
Furthermore, in high-power applications and/or due to the
high resonator €}, large currents may run in parts of the reso-
nator circuit and large voltages may be present across some
circuit elements within the resonator. Such currents and volt-
ages may exceed the specified tolerances for particular circuit
elements and may be too high for particular components to
withstand. In some cases, it may be difficult to find or imple-
ment components, such as mnable capacitors for example,
with size, cost and performance (loss and current’voltage-
raling) specificati sufficient o realize high-Q and high-
power resonator designs for certain applications. We disclose
matching circuit designs, methods. implementations and
techniques that may preserve the Q lor magnetic reso-
nators, while reducing the component requirements for low
loss and/or high current/voltage-rating

Matching-circuit topologies may be designed that m
mize the loss and current-rating requirements on some of the
elements of the matching circuit. The topalogy of a circuit
matching a low-loss inductive element to an impedance, 7.,
may he »h‘w.ﬂ s0 that some of its components lie outside the

ed high-Q resonator by being in series with the exter-
na] cireuit. The requirements for low series loss or high cur-
rent-ratings for lh»w components may be n.ehlwd Relieving
the low series loss and/or high-current-rating on

46

for connection to a ground or other lead of a power source or
load. at least one other terminal scross which a capaci-
tance of the wnable butterfly-type capacitor can be varied or
tuned, or any other capacitor having a user-configurable, vari-
able capacitance,

A low-loss inductive element may be matched by topolo-
gies using one, or anetwork of, variable capacitor(s) and one.
or a network o], variable inductor(s).

A low-loss inductive element may be matched by 1opolo-
gies using one, or a network of, hle capacitor(s) and one,
or a network of, variable mur ductance(s ), which trans-
former-couple the inductive element either 1o an_external
circuit or to other syst

In some L
tunable Jumped elemd
specif ns sufficier
potentially high-speed
ogy of the circuil maiel
external circuit may be
ity is assigned 1o the ex
amplitude, phase, wav
drive signals applied 1
like, in lln_- exb ernal cirl

Ihe va ns in re|
inductive clement at
partially compensated
system performance r
JI.‘NISI'H.‘d into other sys|
tial ealiz

acircuit element may be particularly v h:l\uh\n the clement
needs 1o be variable andior to | ) large voltage-rating
and/or low parallel loss

Matching-circuit topologies may be designed that mini-
mize the voltage rating requirements on some of the elements
of the 111'11ch|\1g circuit. The topology of a circuit matching a
low-loss inductive element 1o an impedance, 7, may be
chosen so that some of its components lie outside the associ-
ated high-Q) resonator by being in parallel with Z,. The

requirements for low paralle] loss or high voltage-rating for 4

these components may be reduced. Relieving the low parallel
loss and/or high-voltage requirement on a circuit element

ay be particularly useful when the element needs 1 be
variable and/or to have a large current ng and/or low series
loss.

Ihe topology of the circuit matching a low-loss inductive
element to an external characteristic impedance, 7,,, may be
chosen so that the field patiern of the associated resonant
mode and thus its high Q are preserved upon coupling of the
resonator to the external impedance. Otherw inefl
coupling to the desired resonant mode may occur (pote
due to coupling to other undesired resonant modes ), res
in an effective lowering of the resonator Q.

For applications where the low-loss inductive clement or
the external circuil, may exhibit v ons, the matching cir-

it may need to be adjusted dynamically to match the induc-

clement to the external circuit impedance, 7. at the
desired frequency, 1. Sinee there may typically be two ining
objectives, matching or controlling both the real and imagi-
nary part ol the impedance level, Z,,, at the desired frequency,
f. there may be two variable elements in the marching circuit.
For inductive elements, the matching circuit may need 10
include at least one variable capacitive element.

A low-loss inductive element may be matched by wpolo-
gies using two variable capacitors, or two networks of vari-
able capacitors. A variable capacitor may, for example, be a
tunable bunerily-type capacitor having, e 4., a center terminal
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less C;\p‘lh'\ mmhlc oo
Matching-circuit a
achieve the desired ve
cireuit under high-poy
voltage/current rating
and achieving a finer (
tion) overall wnability.
a variable inductive
include appropriate cq
and variable clements
ments for the variable
desired tuning range i
lution. The voltage/cus
components that are ng
e disclosed imped
niques may be used o
To maximize the pov
ance mismaiches
elements (and am
them) from the p
lo maximize the pr
impedance mism
inductive elemen
coupled to them)
To deliver a control ]
certain impedancg
loss inductive ¢lg
lessly coupled to
tors.
Todelivera controlled amount ol power from, or [o achieve
a cerain impedance relationship between, the device
low-loss inductive elements (and any other systems
wirelessly coupled to them) to the power driven loads.
Topologies for Preservation of Mode Profile (High-Q)
The resonator strueture may be designed 10 beconnected 1o
the penerator or the load wirelessly (indirectly) or with a
hard-wired connection {directly).

desired frequency,

‘or inductive elements,
include at least one vanable capacituve element.
A low-loss inductive element may be matched by lupuln:r-
gies using two vanable capacitors, or two networks ol varn-
able capacitors. A variable capacitor may, lor example

L AT =

g

Since there may typically be two lumng
objectives, maiching or controlling both the real and imag)-
part of the impedance level, 7, at the desired frequency,
. there may be two variable elements in the matching circuit.
the matching circun may need 1o

|
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Declaration of Dr. Mark N. Horenstein in Support of Patent Owner’s Response

element in the circuits similarly has an imaginary impedance jol, i.e., a positive
-

reactance of mL. Impedance matching to the resonator of]
diagram requires that all of the reactive components seen
and 72, be canceled out by the “network of capacitors”.
42.  More generally, for each of the circuits show
so requires that the network provide two or more degrees
adjustable reactive elements (i.e., adjustable capacitors arj
Id. 44:3-6, 42-46, 45:58-61, 69:56-60.) These degrees of
control the real and imaginary parts of the complex impeg
terminals, e.g., V1 and V2, or ¥1and —V1. These terminal j
hand side of each circuit diagram. Two sample circuits, |

show below for reference purposes:
(1)
©" ff ““?“j
c
7z o I c} RL &

"719 Patent, Figs. 30(c) and 30(j)

43.  The circuits in Fig. 30 (a)-(f) are accompanig
Smith Chart [see, e.g., Fig. 30(g)]. Figure 30(g) shows a s

Smith chart. The next figure below shows a version of thy
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Id. 44:3-6, 42-46, 45:58-61, 69:56-60.) These degrees of freedom are needed to
control the real and imaginary parts of the complex impedance seen at the input port
terminals, e.g., V1 and V>, or V) and —F). These terminal pairs are found on the left-
hand side of each circuit diagram. Two sample circuits, Figs. 30(c) and 30(j), are

show below for reference purposes:

HZ, i{r:/]tq:
v,

"719 Patent, Figs. 30(c) and 30())

(c)
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are switched in or out of the circuit may be able 1o

pensate for changes in resonator (Q's, impedances. reso-
nant frequencies, power levels. coupling strengths, and the
like, that might be encountered in test, development and
operational  wireless power transfer systems. Switched
capacitor banks and other switched element banks may be
used to assure the convergence 1o the operating frequencies
and impedance values required by the system design

An exemplary control algorithm for isolated and coupled
magnetic resonators i be described for the circuit and
system elements shown in FIG. 47. One control algorithm
first adjusts each of the source and device resonator loops “in
isolation”™, that is, with the other resonators in the system
“shorted out” or “removed” from the system. For practical
purposes, a resonator can be “shorted out™ by making it
resonant at a much lower frequency such as by maximizing
the value of C1 and/or C3. This step elfectively reduces the
coupling between the resonators, thereby effectively redue-
ing the system 1o a single resonator at a particular frequency
and impedance
Tuning agnetic resonator in isolation includes vary

the tunable elements in the tuning and matching ci S U
the values measured by the pon parameter measurement cir-
cuitry are al their predetermined, caleulated or measured rela-

15

tive values. The desired values for the quantities measured by 25

the port parameter measurement circuitry may be chosen
based on the desired matching impedance, frequency. strong
coupling parmmeter, and the like. For the exemplary algo-
rllh.m> disclosed below, the port parameter measurement cir-
) imelers over a range of frequencies,
The rnge .»r frequencies used to characterize the resonators
may be a compromise between the system performance infor-
mation obtained and computation/measurement speed. For
the algorithms described below the frequency range may be
approximately +'-20% of the operating resonant frequency.
Each isolated resonator may be tuned as follows. First,
short out the resonator not hcmgadmstcd Next :nlmn.ua:Cl
€2, and C3, in the that is being and
adjusted. In most cases there will be fixed circuit elements in

parallel with C1, C2, and €3, so this step does not reduce the 42

capacitance values 1o zero. Next, start increasing C2 until the
resonator impedance is maiched 1o the “target™ real imped-
ance at any frequency in the range of measurement frequen-
cies described above. The initial “target” impedance may be
Tess than the expected operating impedance for the coupled
system.

€2 may be adjusted until the initial “target™ impedance is
realized for a frequency in the measurement range. Then C1

and/or C3 may be adjusted until the loop is resonant at the

desired operating frequency.

Each resonator may be adjusted according to the above
algorithm. After tuning each resonator in isolation, a second
feedback algorithm may be applied to optimize the resonant
frequencies and/or input impedances for wirelessly transfer-
ring power in the coupled system.

The required adjustments 10 C1 and/or €2 and/or C3 in
each resonator in the coupled system may be determined by
measuring and processing the values of the real and imagi-
nary paris of the input impedance from either and/or both
“pori(s)" shown in FIG. 43. For coupled resonators, changing
the input impedance of one resonator may change the input
impedance of the other resonator. Control and tracking algo-
rithms may adjust one port to a desired operating point based
on measurements al that port, and then adjust the other port

» mutual inductance M (coupling) between lln. source and

hased on measurements at that other port. These steps may be 65

repeated until both sides converge to the desired operating
point.
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S-parameters may be measured al both the source and
device ports and the following series of measurements and
adjustments may be made. In the description that follows, Z,
is an input impedance and may be the tanget impedance, In
some cases £, is 50 ohms or is near 50 ohms. 7, and 7 5
intermediate Jmpudmcc values that may be the same value as
be different than Z,, Re{value} means the real par
ry part of a value
algorithm that may Hust thei input imped-
e and resonant frequency of two coupled resonators is set

forth below:
1) Adjust each resonator “in isolation™ as deseribed above,
2) Adjust source CLIC3 until, at v, Re[S11}=(Z +/—,)

as follows.
IfRe{S11 @i} =7, +€g,), decrease C1/C3. 1T Re{S11
(@w, }<(Zo=€,,), increase C1/C3

st source C2 until, at w,, Im{S11}={+/-¢,,) as

Follows:
lrlm{\li @ w, }'e,,.‘ decrease C2. 11 Im{S11 @ w, }=-

device ](.Ilmlll at oy, Re{S22}=(Z +/—€,,)
as follows:

Irkc{\z @ w,} 7 +(-,\_r \kxm e C1/C3. [fRe{S22

Im {522} =0 as follows:
Ifim{822 @ |\|_I’EIN_L‘L‘\,1\H>\( 2.1 Im{S22 (@ w, }<-
€, inCrERSE C2

‘We have achieved a working system by repeating steps 1-4
until both (Re{S11], Im{‘>]]]J and (l{u. } 2}
converge o ({74
desired matching impedance .m\iu ), is the desired operating
1n.‘qm.nc) Here, €, represents the maximum deviation of the

rinary part, at . from the desired value of 0. and €,
represents the maximum deviation of the real part from the
desired value of Z,. It is understood that €, and €,, can be
adjusted to increase or decrease the number of steps 1o con-
vergence at the potential cost of system performance (effi-
ciency). It is also understood that ~\Lp~ 1-4 can he performed
ina variety of sequences and a variety of ways other than that
outlined above (i.e. first adjust the sourcei ary part, then
the source real part; or fir part, then the
) The intermediate impedances 7,
and Z, may be adjusted during steps 1-4 to reduce the number
of steps required for convergence. The desire or target imped-
ance value may be complex, and may vary in time or under
different operating scenarios.

Steps 1-4 may be performed in any order, in any combina-
tion and any number of times. Having described the above
algorithm, variations to the steps or the deseribed implemen-

i be apparent 1o one of ordinary skill in the art. The
algonithm outlined above may be implemented with any
equivalent linear network port parameter measurements (i.e.,

7 Yop s, Tep H-p s
ABCD-parameters, etc.) or other monitor signals described
above, in the same way that impedance or admittance can be
alternatively used o analyze a linearcircuit w derive the same
result

The resonators may need 10 be retuned owing to changes in
the “loaded” resistances, Rs and Rd. caused by changes in the

device resonators. Changes in the induc
the inductive elements themselves may be caus
influence of external objects, as discussed ez
also require compensation. Such variations may be mitigated
by the adjustment algonithm described above,

A directional coupler or a switch may be used to connect
the port parameter measurement circuitry to the source reso-

| e i A e
—

Each isolated resonator may be tuned as follows. First,
short out the resonator not being adjusted. Next minimize C1,
CZ, and C3, in the resonator that is being characierized and
adjusted. In most cases there will be fixed circuit elements in
parallel with C1, C2, and C3, so this step does not reduce the
capacilance values (o zero. Next, start increasing C2 until the
resonator impedance is matched 1o the “target™ real imped-
ance at any frequency in the range of measurement frequen-
cies described above. The initial “target™ impedance may be
less than the expected operating impedance Tor the coupled
system.,

C2 may be adjusted until the imtial “target™ impedance 1s
realized for a frequency in the measurement range. Then C1
and/or C3 may be adjusted until the loop is resonant at the
desired operating [requency.

The required adjusiments w0 C1 and/or C2 and/or C3 in
each resonator in the coupled system may be determined by
measuring and processing the values of the real and imagi-

nary parts of the input impedance from either and'or both
rl{::.]" shown in FIG, 43, For coupled resonators, ':.'Emlu_.ung

EMONSTRATIVE EXHIBIT = NOT EVIDENCE
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The ‘719 Patent provides several detailed examples
of impedance-matching networks with two or more
degrees of freedom — these include capacitors
and/or inductors connected to an inductive element
to create a magnetic resonator. ‘719 Patent, Figs.

30-35; Col. 51:45-57; Horenstein Decl. 1 41-49.

® BURR&
XX
¢ FORMAN



juajed 'S

107 °1L "unp

o+
=
)
]
-
L
=
=
=9
h
-

BURR &
[

FORMAN

(] AR |||||.l.||||."'|||. ] Ly Y i AL

lCr, M shows six exinnples (a)- [.l"l ul I:.‘|ll|.'.'li..-[|} coupled
impueilance-matching cirenits. where the twa tinahle cle-
ments are capacitors, and six examples (B)-(m) ol dircetly-
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IlC, M shows six exinuples (a)- [.I"] ul dm.'i.-tl} -coupled
impaidance-matching cirenits. where the o hinahle cle-
ments are capacitars, and six examples (G)-(aw) ol directly-
cowphed impedance-maiching circuils. where e i lunable
L‘h.llh'l.-tl.l'.'d e et capaeilor udd t: nsuetar | or U .-pHIU-
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6749 Patent, Col. 52 16-20
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FICr. M shows three examples (@)-{c) of directlv-coupled
impedance-matching circuns. where the o monahle cle-
iments are capacilors, amld three examples (e j-(g]) ol dircctly-
conpled] impedance -matching circuits. where the 1w tunahble
clements are one capacitor and ouwe indoeton o thee topefo-
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1'1C, 32 shows three examples (a)-e ) of dineetlv-coupled
inpedance-matching circuits, where the woe tumable ele-
tents are capaciiors, and three examples (o )-(g) of dircetly-
cunpled mpedance-matching corcunts. whene the two tunahle
clements are one capaciior and onc inductor, or 1he topolo-
S | 5719 Patent, Col. 53:52-56 ' N
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FIG. 33 shows six cxamples (@l fi ol dll-!l_‘l:lll._\'-illl'ip]ﬁl
impueilance-muching cinans. whene the two hinoble clke-
menls are capaciors. and sixX exampdes (8 Hoe ) ol directiv-
coupled impokmer-maiching ciculs. whaere e twn lull:lhlr:

chammis ane one capacitor and one mdoecior, Foor e e

749 Ratent, Col. 54:30-34



BURR &
[

FORMAN

juzjed 'S

10T 711 "unp

un
=
-
L]
-
P~
h
=
=4
h
b

FIG. 33 shows six cxamples (@l fi ol dll-!l_‘l:lll._\'-illl'ip]ﬁl
impueilance-muching cinans. whene the two hinoble clke-
menls are capaciors. and sixX exampdes (8 Hoe ) ol directiv-
coupled impokmer-maiching ciculs. whaere e twn lull:lhlr:

chammis ane one capacitor and one mdoecior, Foor e e

749 Ratent, Col. 54:30-34
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110, 3 showws three examples (a0 ) of dircctlv-coupled
impedance-matching corcnits, whene the two mmahle ele-
ments are capaciiors. and three examples (e k(g1 of dinccthy-
coupled mpedance-reteling circuits, whene the two tunable
clements are one capaciter and owe indoetor, | or 1w topaeo-

749 Patent, Col. 55:09-14




wajed 'S

N -~
C

¥, =0 \
(R,L)/2 = 3(R.1)/2
|2L‘1
2

¥

ac, (c)
= ra F‘THLI >
L (R,L)/2 z = G ==
. A 2, 3R012

€107 11 "unp

£s JO L 19YS

wn
s
(=,
—
£ |
—
il

Ui, A8 shoows three examples of direcily-compled imped-
ance-maiching circuns, where the two mmsble dements are
capaciions, |or U topeslogies of 1S, 35, ihe srowund tenm

® BURR&
[

® e’ FORMAN 6749 Patent, Col. 55:59-61




This is further illustrated by the use of the Smith
Charts in Figures 30-35 in the ‘719 Patent and
explained by Dr. Horenstein 4 43:

“The horizontal axis represents the normalized
real component of the impedance. The point of
perfect match is achieved when the tuning

trajectory arrives at the center of the circle.”
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Smith Chart
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44,  Asa person of skill in the an of electromagnetics would have known, a

Smith chart can be used to properly sequence the tuning of multiple variable

capacitors in a network so as to arnve at an impedance maich. (This iterative tuning
process is described in detail in the "719 patent 52:39-65.) The pathway in bold on
the Smith chart of Fig. 30{(g) is traversed as the various capacitors in the network

are, in twm, incrementally adjusted, following the curved axes of the Smith chanr,

until a perfect match at the center of the Smith chart 1s achieved. As a person of
skill would have known, a circuit having two tunable reactances, e.g.. capacitors, can
establish an impedance maich, and it also can be used to guarantee maximum power

transfer trom the source to the load.




Dr. Allen agrees that the ‘719 Patent discloses tuning the
circuit requires multiple variable components: “This tuning can
be done, for example, by connecting the inductive component
to “networks of variable capacitors.” Allen Decl. (Exh. 1003)
(citing 719 patent at 45:64-46:5, 46:37-44) (emphasis added).

In addition, Fig. 36 of the ‘719 patent does not disclose
additional preferred embodiments of a resonator with a

network of capacitors.
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Declaration in Suppor
capacitance of the circuit “dynamically
external circuit impedance™ may be nece
45:54-63. This tuning can be done, fy
compaonent to “networks of variable capd

44 {explaining that the “topology of the ei

to an impedance, Zs, may include approp)

56. The '7T19 patent also explains that in applications where high Q
resonalors are subject o0 envronmental vanatbons, Le., “where the low-loss

inductive element or the external circuit, may exhibit vanations,” tuning the

and variable elements, so that the w:-]li

components may be reduced and the desi
uning resolution.”).

57, The "719 patent discloses tl
“enclosed in an enclosure, container, sle
“almost any kind of material.” "719 pate
“[Jow loss tangent materials such as Tel]
be preferable for some applications.” ™7
providing these examples, the "719 pate
may have a “negligible impact on the
materials with “moderate to high losg
dissipative losses.” See '719 patent at 34

any definitive bounds for what constitute

capacitance of the circuit “dynamically to match the inductive clement to the
external circurt impedance™ may be necessary to preserve the high Q. "719 patent at
45:54-63. This tuning can be done, for example, by connecting the inductive
component to “networks of variable capacitors.” "719 patent at 45:64-36:5, 46:37-
44 (explaining that the “topology of the circuit matching a vanable inductive element
to an impedance, Zs, may include appropriate combinations and placements of fixed
and variable elements, so that the voltage/current requirements for the variable
components may be reduced and the desired tuning range may be covered with finer

tumng resolution.").
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Instead, the figures in Fig. 36 are offered as
alternatives to any of the single, variable capacitors
in the preferred embodiment networks of Figs. 30-
35, e.g., C1 and C2.

Figs. 36(a) — (d) could potentially be used to replace
one of the single, variable capacitors in the
complete circuits that are disclosed as preferred
embodiments in Figs. 30-35 with the accompanying
Smith Charts for Figs. 30-35.

The circuits of Figs. 36 show no inductors, no
resistive loads, and, for that matter, no complete
circuits.

Additionally, the capacitors shown in Figs. 36
cannot perform any impedance matching, nor are
they accompanied by any Smith Chart indicative of
the two or more degrees of freedom to function as
required by the circuits of Figs. 30-35.

Thus, PO’s construction of network of capacitors
requiring two or more degrees of freedom does not
exclude a preferred embodiment.




Pet. Reply quotes ‘719 Patent: “a network of capacitors,
as used herein, may in general refer to any circuit
topology including one or more capacitors.”

719 patent 52:32-38.

But Petitioner:
(1) failed to display the entire sentence; and

(2) failed to disclose that the sentence is in the
same paragraph that begins with describing the
circuits in Figs. 30(a) to Col. 52:16-20.
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¢ FORMAN



US 8461,719 B2

S1
incorperte combinaions. of both lixed and variable cle-
munis. such that finer muning resolution may be sccomplished

(4 Sy . t - 4 c . *3 - C "

bt
with the same varihle clements, X

’ L —_—

-retiore. iopolagics wsing combinations e Fboth fixed ans . . # x 2 e . .
1, 30 shows six exanples (a@)-(f) ol direetly-coupled
sineruslys redueed voltage seruss. or current through, sensi- ~
tive toing conponents i the circuit snd Girer tning resolu- Furthet - - 2 "
tinn. Note that the maximm achicvable lining eange may e & . N " = . =
i e impuedance-matching circuits. where the two tunable cle-
3 nigh. the maable companents in the circuil detigns. d .

Flement Topologics

A single vari u‘muii-rlmm-_m fas opposed 10 the net- b g = 2 -y = " o - = = y '_ % 4 y 3 2 1 - S ] -
i e e ments are capacitors, and six examples (72)-(a) of dircctlv-
!mnlucunnu:lc\! in .\q:ricsunpp.lmllc].muchm'cnmlumnn  cEenC bl » - » ~ of
I the rutig requirennats of the varable eomponents amd o

GramEhesbesEs wend coupled nnpedance-matching eircuits. where the two tunable
w inductor, For the wpalos-

= clemeny ane oue
& L)

e e 1oclements are one capacitor and or

i aned thus o

’ ~ i Ly

2% described my in., £°" 172" (Y s
where X e 5 a0y clement valie (e capaciance. in FIC, 28(¢ ). ForThe symmcine [opologics of 110, Sdl.
indnctance). X is voltnge or cuenent. anil the " ilemmites. (e b AGA T (). the 1wy termumals may aeed W be driven

thie sppropriste {serics-sddition or parallel-addinion) combi- dnti-syiumetrically (balanced deive) 1 preserve te voluage
mation ol chenents, Notwe that the subseript format for node of the s
X aturn s » 15 Ghosern o casily distinguish it from e radivs ol

the an enclosed by a circnlar induetive clement feg % x..

w10 1FICH 280, T will be appreciated that a network ol capaci-

Furthermure. this peinciple may be used 1o implement o s used liered
variable electric element ofa centain type (eg. o capacilonee oy including o
or ikluctames) by using o variable element of a different type, 3 [

s s oy, as used herein. may in general reler o any eireult topol-

In comelusion. oue muy apply o topakegy oplmiation erwise cleur from
algerithi that decides on the required nunber. placernent, Leet-uy deling £ " " - . - " ] -
ype and wal ul fixed and ahle clements h the & - .. -
agy neluding one or more capacitors. ineluding without -
ation of the currents andior voltages on the variahle c.p c -
clenents us the eplimiation vhjvetive.

.® tation any ol the cireuits specifically disclosed herein using
I the fellow v sehenuios. we show ditTerent specific
topeligy implanentations for imnpedanee watching o al o 7 = = o - m—r # - 1-- = L o <
e EeE | capacitors. or any other cquivalent or didlerent cirenit struc-
seseribed above ane uscd. the cquatins giving the valies of -
the varible clements thal may be ::.u_wi w ::::;:::11';1.,',:'1-‘4\\.,]1 iy ’ = _ R ’ - - . . g - X : . e
ety e | lre(s ). unless another meaning 1s explicitly providaed or oth-
tinn) ]. ur these c;nmp]m;L we :!Nm-:f that !‘: [N real. bt an 35 v - . n -
R R i T A - :
mmempedmrinese Wi | erwise elear from the context.

scripl. o, on a quantity implies normalisation 1o (division by o
) )
7, -

N B EPTTTEPY PIX ram22ze

Fit. 29 shows twoe examples of o trsfoomer-couplod
impedance-marching circnit. where the two ninable clements.
are acapaeioe and the mumnal induneranee between o induc.
iive elements. I we define respectively X, wl ., for FIG, s
2900 aned X, =17 - e 10, 290h). s Xetol . then the
required values of the tunable elemens are:
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Capacitor bank is defined separately from
“network of capacitors”
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IPR2023-01182

Declaration of Dr. Mark N. Horenstein in Support of Patent Owner’s Response

impedance values required by the system design.” (/d., 69:7-8; emphasis

added)

51.  As I now show,
“‘network of capacitors”
52. The Wiley IEEE

capacitor bank A gro

parallel. (Wiley 92; emp

It would have been clear to a pJ
series and/or parallel is a key f
below illustrate these classic ¢
electric circuits. A POSA wou
connected in one these series,
just a single capacitance Cag

connection terminals A and B

Capacitors Connected in Paral

50. In contrast to the term “network of capacitors”, the alternate term
“capacitor bank” can also be found in the 719 patent, as well as throughout
Petitioner’s chosen prior art. Examples of its appearance in the *719 patent include:

“The tunable elements may be electrically switched capacitor

banks”(’719 Patent 57:56-57; emphasis added)

“Switched capacitor banks and other switched element banks may be

used to assure the convergence to the operating frequencies and

impedance values required by the system design.” (/d., 69:7-8; emphasis
added)




IPR2023-01182
Declaration of Dr. Mark N. Horenstein in Support of Patent Owner’s Response

impedance values required by the system design.” (/d., 69:7-8; emphasis

added)

51.  As I now show, “capacitor bank™ in the art has a very different meaning
from “network of capacitors™ as used in the 719 patent.

52.  The Wiley IEEE Dictionary defines “capacit

capacitor bank A group of capacitors connected 5 1 - AS- I Ilﬂw Sh'ﬂw.| uﬂﬂpﬂ.ﬁ‘itﬂr hﬂllk“ i.l]. ﬂlﬂ' EI'I h:ﬂS -E. \FEI'}" di.fﬁfl"ﬂﬂt Iﬂﬂﬂﬂ.’iﬂg

parallel. (Wiley 92; emphasis original)
It would have been clear to a person of skill that the conng L 2 ¥ - ¥
from “network of capacitors™ as used in the 719 patent.
series and/or parallel is a key feature of a capacitor bank.
below illustrate these classic connections that can be found in every textbook on
electric circuits. A POSA would further have known that when capacitors are

connected in one these series, parallel, or series/parallel connections, the net result is

just a single capacitance Cag of equivalent value as seen between the bank’s

connection terminals A and B:

Capacitors Connected in Parallel:

WiTricity Corp.
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IPR2023-01182
Declaration of Dr. Mark N. Horenstein in Support of Patent Owner’s Response

impedance values required by the system design.” (/d., 69:7-8

added) 52. The Wiley IEEE Dictionary defines “capacitor bank™ as:

51.  As I now show, “capacitor bank™ in the art has a very d
from “network of capacitors” as used in the *719 patent.

capacitor bank A group of capacitors connected in series and/or
52. The Wiley IEEE Dictionary defines “capacitor bank™ a:

capacitor bank A group of capacitors connected in series pa]"a] ]_E:]_ {WIIE}I’ 9‘2; Emph&sis D]‘iglnﬂl)

parallel. (Wiley 92; emphasis original)
It would have been clear to a person of skill that the connection of tH
seies andlor parallel i  key feature of s capacitorbank, The o] 11 WOUId have been clear to a person of skill that the connection of the capacitors in
below illustrate these classic connections that can be found in every

electric circuits. A POSA would further have known that when capa Seri.es and.l'llﬂr pEII'ﬂ”El is 3 ke}r featum ﬂf‘a CE]JH{:itﬂI’ ha.n:k+ The [Wﬂ cir‘:UitS Shﬂ“-'"n

connected in one these series, parallel, or series/parallel connections)
Justa single capacitance Can of equivalent value as seen berween 0 helow 1llustrate these classic connections that can be found in every textbook on
connection terminals A and B:

Capacitors Connected in Parallel:

electric circuits. A POSA would further have known that when capacitors are
connected in one these series, parallel, or series/parallel connections, the net result is
Just a single capacitance Cag of equivalent value as seen between the bank’s

connection terminals A and B:

® BURR&
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IPR2023-01182

Declaration of Dr. Mark N. Horenstein in Support of Patent Owner’s Response

53.  For the three capacitors connected in paralle
Cas between terminals A and B is given by:

Cap = Ci + G + Cz (parallel)

54.  For the three capacitors in series, the equival
terminals A and B is given by:

Cag =(1/C\ + /G2 + 1/C3)7! (series|

55.  For the four capacitors in series/parallel, the
between terminals A and B is given by:
Cap= (VG + UGY! + (UG + UC)™ (s

56.  As these examples of capacitor bank (“a grq

56.  As these examples of capacitor bank (*“a group of capacitors connected

in series and/or parallel™) show, a capacitor bank is not the same thing as a “network

of capacitors”, because the bank can represent just a single capacitance adding just

one degree of freedom to the tuning process. In a capacitor bank, all capacitors share

in series and/or parallel™) show, a capacitor bank is not the same thing as a *network

of capacitors™, because the bank can represent just a single capacitance adding just

one degree of freedom to the tuning process. In a capacitor bank, all capacitors share

either the same voltage (for a parallel bank) or the same current (for a series bank),

whereas in each of the capacitor networks of Fig. 30 (a) — (m), there is no common

* The examples of three or four capacitors here is arbitrary and chosen for illustration

purposes.

BURR &
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Petitioner failed to meet its burden

to demonstrate that Cook-554 is Prior Art
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The elements of Cook-554 claim 17 have the following
requirements:

(a) receive power via a resonant circuit...at a receive
power level;

(b) convert the received power ... with a power converting
circuit; and

(c) vary the impedance of the power converting circuit
... based on the received power level. Cook-554 claim 17
(emphasis added.)

® BURR&
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Figure 4-12: Receive subsystem

® BURR&
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The received power of element (a)
Is the power received by the
resonant circuit, i.e., the Receive
Antenna Unit in Fig. 4-12.
Horenstein Decl. at 95.

The indicated power-converting
circuit comprises the components
within the central dotted box.

The voltage sense V and current
sense | (elements E and F) in Fig. 4-
12 indeed yield a value of power
that is delivered to the load. Cook
Prov. at 31, Exh. 1006 pg. 043.

The power delivered to the load is
clearly not the power being
received by the resonator as would
be measured at the antenna feeder
cable.



 The power received by the
resonator is first converted by the
Receive Power Converter Unit into
a DC or AC output via a rectifier and
DC/DC or DC/AC converter; this
output power is then delivered to
the load.

« The V and | sensors (E and F in Fig.
4-12) measure the power delivered
to the load.

 Losses occur in the Receive Power
Converter Unit. Cook Prov. at 5.51,
Exh. 1006 pg. 060.

 Thus, the power delivered to the
load, as measured by V and |, will
be less than the power received by
the resonator.

Figure 4-12: Receive subsystem
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Independent Claim 17 Is Patentable
Over Cook-554

(Petitioner’s Ground 2)

® BURR&
[

o0
e FORMAN



Petitioner alleges that the single capacitor
bank in the tuning network of the transmit
power converter unit, and the tuning and
matching network of the receive power
converter unit, is a network of capacitors.
Pet. at 44-45.
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IPR2023-01152 * The tuning network is not a component part
Patent 8,461,719 . . =
of the transmit or receive antenna units.
transmit antenna unit corresponds to the source resonator, and that the receive Resp. at 52; Horenstein DeCI. 1'|' 122.

antenna unit corresponds to the second resonator, as shown below.

Transmit
Transmit Power Conveter Unit~, Antena Feeder Cable orenna (inig

Transmit

1320~ 1380~ 1380~ : ;Eralo RO - Transmiff PEIWE'!: Comeeter Lint =~ . __Mm Feeder Cable Antenma Uit

Recifer | | DCiDC e S | : :-?_.?E'E'f 330 J&0
+iter | | Con [ridge Sense “\ T30~ 1380,
| AC Mains — —

1 ]—It—ﬂs ]s c o I o (50/60 HE}:F

. Hﬂ"
— ) cios Rectifier DC/DC )
Fraquency Generation & Control Bﬂc‘g&
| inverter

e i — + Filfter Conv.

Cord ||
Pet. 44. f

Similarly, Petitioner asserts that the receive antenna unit corresponds to the | A

AC Mains
(50/60 Hz)

-

Mains—"
Cord

[P I ——— ) S ———

E |B

second resonator. Ffﬂwﬂﬂﬂf Generation & Control

Receive Power Converler Unit

Receive Antenna 1510

I

W — 1370 1300~
Muti-fum ,m e | | o e l 1
m,\% ot | it e | i o ) || Receive Power Converter Uinit
j o |y I ‘Z%”ES”"“ Hece:‘rg#:ema 1510~ } 3 - . -
: ,m% TTe o Pk 02 Ougut Voltage

Capacilor or
Antenna Feedr Cable ‘mecmmm“mm 1056 1568 :ESTW E\- ?535"‘\ ?rﬂﬂ""\ 1555"‘\ /..
L hore | L[ ocioc \ .
Mutti-furn Antenna or

Current ng & warl | DC/AD
e % Rectier| | OC/A v \

Al
Deine
;EEﬂ ﬂ F 9 |
[ Tc A 18\ e 8%
Frequency Generation & Controf 1555 "‘,’f '_5"*“'!?‘”
110VIB0 Hz
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The four elements in Fiqg. 16:

o ‘ are connected to the Power-
§ ””C'?Eg;a’g;:}facmr Stage Bridge Inverter by a
Low ,l _~ Tunable Reactance simple series connection

1610

fmpEdanCE' NEAN 1620
Power Stage
(e.g. Half
Bridge Inverter)

all pass the same current from

Antenna the Power-Stage Bridge Inverter
Loop/Coil and

allow only adjustment of the

1604~_ | Tuning resonant frequency

1600~ T Capacitors _
1602~ 157 RF do not adjust the load
I

i Switches resistance presented to the
power stage to a matching value

(Horenstein Decl. at 50 — 58 (Exh.

. *  BURR& 2011)).
e FORMAN uae




[PR2023-01182
Declaration of Dr. Mark N. Horenstein in Support of Patent Owner’s Response

function of a multi-reactance network.

A

1604 Tuning

A
mooq_ T eos | CaPCIOSS 4 ivalent to —» J— C
rra e s A & [ —AB

1602~ 1, i AF

1604~_ _L_Tuning
1600~ Capacitors Equivalent to —

1602~ 1,7 I 17 17  RF
\1:{_: L__é L_él Switches

Ground
FiG. 16

Cook-554 Fig. 16, annotated. (The common grounds at the bottom

have been connected together in the figure on the right.)

® BURR&
XX
e FORMAN

* Fig. 16 of Cook-554 only
discloses a single capacitor
bank

Capacitors with RF switches
that are opened or closed to
adjust the effective
capacitance of the system --
Cook-554 17:41-61

The capacitor bank has only

one degree of freedom. --
Horenstein 4[] 50-59; 119-120




Petitioner Did Not Meet Its Burden
To Show Independent Claim 17
Is Obvious Over Lee and Cook-523

(Petitioner’s Ground 4)
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e Lee only discloses a single
switched capacitor bank
functioning as one variable
capacitor. PO’s Response (62-
64); Horenstein Decl. ]| 88-89.

~
@ “Switched Capacitor Bank” {Lee at 4]79) FunCtiona"y the Ssdame as the

capacitor bank shown in Cook-
554 Fig. 16. /d. at 91.

FIGURE 12

Lee Fig. 12, annotated

e The capacitor bank adjusts the
resonant frequency. Lee [0078];

® BURR& Pet.’s Reply at 29-30.
® e’ FORMAN
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A
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Matching
Network
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Rectifier
&
Storage
Capacitor
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320

FIGURE 13

Q

37c

Lee does not disclose which electrical
elements, if any, are inside the box

labeled 37a in Figure 13, nor does Lee
disclose the purpose or use of the box

labeled 37a. Lee { 75.

The entire paragraphs in Lee

discussing Figures 12 and 13 only

disclose adjusting the capacitance of

the circuit using capacitor bank 32b
(Lee Y 4, 23, 75, 78) in order to adjust

the resonant frequency.




US 2007/0145

linear sections. The
using printed circuil
conditions, a plura
reverse field region
mere presence of

signi issue s
magnetic field is ax
sign of the magnetil
portant. However,

implies that there
borders between th
field regions. A secq
the field nulls wil
negative magnetic
other. Since the m)
coils 21 and the secy
the amount of magy
ary coil 31, the ca
cantly reduces the cf

[mm] Multi-pha
the field revery
can be seen in

271, 272, 273 of

traveling wave natu|

linear arry of coil

FIG. 10 shows the

excited by a long li

times, in which th

evident.

[0072] A multi-pt
similar in nature to
array antenna. ldeal
number, will produ
close 10 a traveling]
usually limited 10 o
N would entail the
shifiers. The minin
I'heorem. The 4-pk
clearly has an apped
wave. Due 1o the
profile, the RMS (rq
is mot strictly unifio
sinus . The cal
field strength for thy
£2 A more rele
is 10 use the average
field over a sma

By choosing an apd
physical dimension
variation is reduced|
for a 6-phased dni
RMS va

\|un\|
‘Imu_nll and costly

[0073] Applying
primary coi 1y
along the diagonal
sequence 491, 4924
distribution that sk
magnetic field excl
mary coils 21 drivel
two dimensional anf
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US 2007/0145830 Al

control the variahle The i ]

causes the resonant circuit of the secondary unit 30 to tune
in m!thdem,gﬁuqucncyoflh:wmm’ym Zl]unul
the voltage reaches the reference voltage vy

troller 34 can also compensate for any chan;
coupling or device load variation by tuning|
resonant circuit in or out of the primary H
quency through continuous output voltage o
capacitance adjustment

[0076] The ability of the secondary unit 3
output voltage is advantageous in many situs
device o which the secondary unit 30 is attag
regulated voltage 1o power it. Examples o
require regulated power are mobile phones,
assistants, laptop computers, MP3 players.|
cameras and camcorders, radios, portable ga
players. eic. Typically, such device is powered
switched mode power supply whose outp
current are specifically designed for its use.
dedicated DC power supply is a major incom
end user who may carry a multitude of eleg
with him or her and each device requires a
supply. In view of the present invention. the
tion is to equip each device with a secondary]
can receive power from the primary unit 20 af
whatever the voliage the device needs. 11

Jun. 28, 2007

the secondary unit’s output. The controller 34 of the sec-
ondary unit 30 monitors the device current to determine
whether the connection has been m “ht.l't the cnnlr\\lln.r

controller 34 on. Onee the feedback controller 34 |
on, it stans (o regulate the voltage by comparing the voltage
ol the storage capacilor 3¢ and a relerence vollage and

takes the difference which s used as an emor signal to

umed

output voltage from the secondary unit 30 is Unreautated. i
may need a linear voltage regulator if the poy
device is small or a DC-DC converter if
voltage regulation is required. Since the seco
the present invention can supply regulated

device, the need to have a separate voliage ref
is obviated. making the conversion from thy
power supply to the contactless one of the pry
painless. With the addition of a DC curr
element, such as a series current sense resist
mirrored sense resisior when MOSFETS ane

bridge rectifier section 374, it would be possi|
the leedback controller 34 10 control both o
current to behave like a lithium ion/polyme]
little or no additional cost.

[0077] This specific embodiment of the seq
can also be profitably emploved to constn
ter for poriable devices. Modem electrof
designed with a lot of built-in protection
including over-voltage protection, under-voly
over-current protection, eic. 11 such a device
a variable voltage power supply. it would bl
voltage until the supply voltage exceeds a
threshold. Once the supply valtage has the
e's power interface module will

oIy Los Tdo

control the vanable capacitor. The capacilance adjustment
causes the resonant circuit of the secondary unit 30 1o tune
in to the RF driving frequency of the pnmary unit 20 until
H’ﬂllﬂgﬂ reaches the reference voltage value. The con-

m 1 Ll

1 10 the power supply. During the operation, if lh.:
supply voltage spikes o a value that exceeds the threshold
for over-voltage protection, the device's power interface
module immedia isconnect the power from the power

f the supply vohage dips to a valoe that
1 threshold, which may or may not be the
sume as the initial threshold, then the device also disconnect
itself from the power supply, until the supply voltage retums
to its normal range. Thus, it would be possible to program
the feedback controller 34 of the secondary unit 30 10
increase the regulated output voltage in sieps, with a suffi-
cient wait time to account for the initial delay before the
power interface module of the device connects the device 10

of 2 of the -m_l'll;_\l up.mum..: So for s_!t_lll'l[lls_ if 1I;..-
smallest capacitance is 100 pF, then the other three

tances are 200 pF, 400 pF and 800 pF. Each capacitor is in
series with a MOSFET switch which can be wmed on 10
enable the capacitor it is directly connected to, or to turn off
to disable the capacitor. Since each MOSFET switch can be
either ON, or OFF. the swiched capacitor bank 3256 can
provide 24 or 16 different capacitance values which are more
or less linearly distnbuted with values from 0 pF to 1,500 pF.
Ihe capacitance values are nol precise because of the
inherent variation of stock capacitors as well as the source
drain capacitances of the MOSFETs. The source drain
capacitance of the MOSFET is unimportant when the MOS-




* As noted in Lee, the switched capacitor bank 32b
performs the function of an electronically controlled

capacitor...” Lee [ 86.

 Thus in Lee, like Cook-554, a single, variable
capacitor (in the form of a capacitor bank) maintains

the resonant frequency.
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Lee does not disclose a second degree of freedom in order to match the
resistance of the source of the wireless power transfer circuit to the
resistance of the load, as disclosed and explained in detail in the 719
Patent and as required by Claim 17.

Lee fails to mention, much less explain, the Smith Chart and its
requirement for two degrees of freedom in order to tune the two variable
elements to ensure resistance matching for a particular resonant circuit.
Horenstein Decl. [ 45 — 49.

Petitioner and its technical expert likewise failed to address the use of
the Smith chart in illustrating the two-degrees-of-freedom tuning
procedure disclosed in the 719 patent. Horenstein Decl. 9] 44-57.

Similarly, the Lee reference also never mentions the Smith Chart or the
required two or more degrees of freedom.

e FORMAN



e Petitioner misrepresents Dr. Horenstein’s Deposition testimony by
Implying in a conclusory sentence in the Reply that Dr. Horenstein
confirmed that Lee discloses a network of capacitors with two degrees
of freedom. Reply at 30, citing --Horenstein Tr. at 49: 19-24.

e Indeed, the portion of Dr. Horenstein's testimony cited by Petitioner is
not discussing Lee at all.

e Instead, in response to a question by counsel for Petitioner, Dr.
Horenstein simply stated that impedance matching, as disclosed in the
719 Patent, requires two degrees of freedom. --Horenstein Tr. 49:19-
24
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Transcript of Mark N. Horenstein, Ph.D.
Conducted on August 8, 2024

and matching network is not connected directly to

what Cook has termed the receiver -- recelve antenna

unit. So not directly connected to the res
Figure 15.

By MR. PETERS: 19 Q. And I think we went over thlS E'arliE'I, but

Q. Do you dispute that the tuning and
network in Figure 15 performs an impedance 2[] it L] E F':}ur Expert Dp ini o1 that impedan '::e mat:h ing
network for the multi-turn loop?

MR. LAWSCN: Objection to form.

THE WITNESS: 1t performs impedanc 2 l IEqUiIE$ Prﬂvi ding tw':j degrEE$ Gf freedﬂm?

matching so that the -- its input terminals
matched to the -- to its output terminals, 22 A . GEnErally it dl::IES . Il-'l the Cﬂnte};t Gf
to the rectifier and then on to the DC -- t
or DC to AC converter, which is block 1515. . . . T . . '
T 23 impedance matching, as it's discussed in the '719
Q. So it performs impedance matching?

A. Between its left-hand input port a 2.4 Patent ’ it dDES .

right-hand output port.

0. And I think we went over this earlier, but
it's your expert opinion that impedance matching
requires providing two degrees of freedom?

A. Generally it does. In the context of
impedance matching, as it's discussed in the '719
patent, it dees.

Q. Does the '719 patent perform impedance
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