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L. INTRODUCTION

In passive (backscatter) radio frequency identification (RFID) systems, the
tags themselves have no power source. Instead, they rely on radio frequency (RF)
signals sent by RFID readers for power (through “power harvesting”) and to transmit
data by reflecting portions of the RF signals back to the reader (“backscattering”).
The amount of power the tag harvests and the strength of the reflected RF signal are
based on the reflectivity of the antenna—the more the antenna reflects the RF signal,
the stronger the backscattered signal but the less power is harvested.

U.S. Patent No. 10,452,968 (“the ’968 patent”) purports to identify a new
approach in passive RFID tag performance: improved tag range “by sacrificing tag
transmission performance.” The inventors claim to have discovered that by reducing
the RFID tags reflectance—and thereby reducing the strength of the backscattered
signal—RFID tag range actually increases because the tag harvests power while also
transmitting the reflected signal. The increased power extends “the useable range”
of the RFID tag, even though backscattered signal strength is reduced.

But this concept was not new. It was published in a textbook nearly a decade
earlier: “In early tag designs, it was not uncommon for a tag to start its reply to a
reader and then run out of juice in the middle of transmitting its ID . . . it is helpful

to consider trading off some backscattered signal for more tag power.” Ex-1021,
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214. This textbook provided the same solution as the ’968 patent: vary the
modulation impedances (without shorting the antenna) to reduce antenna reflectance
and continually harvest power. Ex-1021, 215-218.

Years later, but long before the *968 patent was filed, Petitioner’s expert, Dr.
Sumit Roy, published an IEEE paper applying these well-known principals to
improve RFID tag performance. Ex-1005. Dr. Roy confirmed that optimum RFID
tag performance/range can be achieved by reducing antenna reflectance (without
shorting the antenna) because of increased power harvesting during backscatter. He
explained why: if the RFID tag does not obtain enough power to remain in an “active
state,” it must cycle to a “sleep state” in which it cannot transmit any data. This
“reduces availability for backscatter and reduces uplink throughput.” Dr. Roy even
showed how tag performance improved with increased power harvesting (Fig. 8).

With the *968 patent’s foundational principle already well-known in the art,
the only remaining subject matter in the claims are techniques for adjusting the
reflectance of the antenna by changing its resonant frequency. But the claimed
approaches—such as varying antenna length, changing load impedances, or
adjusting duty cycles—were all well-known and conventional in the art. Petitioner,
therefore, respectfully requests that this Panel grant institution and cancel claims 1-

20 of the 968 patent.
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II. GROUNDS FOR STANDING (37 C.F.R. § 42.103(a))

Petitioner certifies the *968 patent is available for inter partes review and that
Petitioner is not barred or otherwise estopped from requesting inter partes review.
III. IDENTIFICATION OF CHALLENGE (37 C.F.R. § 42.104(b))

The *968 patent was filed on June 14,2017. AIA 35 U.S.C. §§ 102-103 govern

this patent. All prior art is asserted pursuant to AIA statutes. See MPEP § 21.59.01.

A.  Citation of Prior Art

Each asserted reference was publicly available before the *968 patent’s filing
date of June 14, 2017.

o Colby Boyer and Sumit Roy, Backscatter Communication and RFID:
Coding, Energy, and MIMO Analysis, IEEE Transactions on Communications, Vol.
62, No. 3 (Ex-1005, “Boyer”) is prior art under §102(b) because it was published in
the IEEE Transactions on Communications, a well-known and widely circulated
industry journal, at least by March 2014 as indicated on the face of the document.
Exhibits 1012 and 1013 are date-stamped (April 2, 2014) versions from
Northwestern State and Mercer Universities, respectively. Exhibit 1015 shows that
Boyer was published in the IEEE database (IEEE Xplore) on December 18, 2013,
and Exhibit 1014 explains that “The Date of Publication for Journals and Standards

on IEEE Xplore represents the very first instance of public dissemination.” Dr.
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Sylvia Hall-Ellis confirms its public availability as of December 18, 2013. Ex-1020,
447-53. Finally, Dr. Roy, one of the co-authors, confirms Boyer was publicly
available as of March 2014. Ex-1003, 9985-86.

o Klaus Finkenzeller, RFID Handbook, Third Edition (2010) (Ex. 1023,
“RFID Handbook™) is a textbook that was published in 2010. It bears copyright
notices, ISBN (978-0-470-69506-7), a reference to the Library of Congress, a
catalog record in the British Library, and was published by John Wiley & Sons, Ltd.
(a reputable publisher). Dr. Hall-Ellis confirms it was publicly available at least by
December 17, 2010, and is therefore prior art under §102(b). Ex-1020, 79-84.

o U.S. Publication No. 2005/0237198 (Ex-1006, “Waldner”), which was
filed April 8, 2004 and published on October 27, 2005, is prior art at least under
§102(b).

o K. Kapucu and C. Dehollain, “Base-station design for passive UHF
RFID tags with pulse-width modulated backscattering,” 2014 10th Conference on
Ph.D. Research in Microelectronics and Electronics (PRIME), Grenoble, France,
2014, pp. 1-4, doi: 10.1109/PRIME.2014.6872750, (Ex-1009, “Kapucu™) is prior art
under §102(b) because it was published in the IEEE Xplore database on August 7,
2014. Ex-1026 (“Date Added to IEEE Xplore: 07 August 2014”). IEEE Xplore is

“the flagship digital platform for discovery and access to scientific and technical
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content published by the IEEE. Ex-1019. IEEE Xplore shows that Kapucu was
published as part of the 2014 10th Conference on Ph.D. Research in
Microelectronics and Electronics, from June 30, 2014—1July 3, 2014. Ex-1026.
Exhibit 1018 is the Table of Contents of that conference showing Kapucu on pdf
page 10, further corroborating the IEEE Xplore records. This information matches
the face of the document, which identifies “2014 IEEE RFID Technology and
Applications Conference (RFID-TA)” and provides an ISBN 978-1-4799-4680-8/14
and a copyright notice from the IEEE of 2014. Dr. Hall-Ellis confirms the public
availability at least as of August 7, 2014. Ex-1020, §961-67.

For the non-patent literature, Petitioner includes evidence from the IEEE and
Dr. Hall-Ellis’s declaration confirming their public availability. Intel Corp. v. FG
SRC LLC,1PR2020-01449, Paper 13 at 43-44 (P.T.A.B. Mar. 3, 2021) (date on IEEE
website supported public accessibility); Cerebras Sys. Inc. v. Rex Computing, Inc.,
IPR2022-00741, Paper 37 at 67 (P.T.A.B. Oct. 11, 2023) (date of availability on
IEEE Xplore). Each was published by an established publisher creating “a
presumption of public accessibility as of the publication date.” VidStream LLC v.
Twitter, Inc., 981 F.3d 1060, 1065 (Fed. Cir. 2020).

B. Statutory Grounds for Challenge

Petitioner requests cancellation on the following statutory grounds:
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GROUND 1: Claims 11-12, 16-20 are obvious over Boyer in view of RFID
Handbook under 35 U.S.C. §103.

GROUND 2: Claims 1-5, 11-20 are obvious over Boyer in view RFID
Handbook in further view of Waldner under 35 U.S.C. §103.

GROUND 3: Claims 6-10 are obvious over Boyer in view of RFID Handbook
in further view of Kapucu under 35 U.S.C. §103.

GROUND 4: Claims 6-10 are obvious over Boyer in view of RFID Handbook

and Kapucu, in further view of Waldner under 35 U.S.C. §103.

C. Level of SKkill in the Art

A POSITA is someone who understands radio communications and systems
(including interrogators/readers, transponders, and signal processing components
thereof). That person would have a bachelor’s degree in electrical engineering,
physics, or an equivalent degree and at least two years of experience in a relevant
industry. Additional work or research experience can substitute for less or different
education, and vice-versa. Ex-1003, q921-25.

IV. BACKGROUND - THE ’968 PATENT

A.  RFID Tags
A simple RFID system consists of an RFID reader and one or more RFID tags

(sometimes referred to as “transponders”), which receive and respond to the reader
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signal. Ex-1003, 950. “Passive” RFID tags have no power source, but instead receive
power generated by a reader’s interrogation signal. To communicate with a reader,
a passive tag reflects back a signal to the reader using a technique called
“backscattering.” Ex-1003, q451-52.

B. Backscatter and Signal Modulation

Dobkin explains fundamental RFID concepts of passive tags, including
backscattering (§3.4), power requirements (§3.5.3), antenna reflection coefficients
(A4.1), and the design of the tags themselves (Chapter 5). Ex-1021, 51, 195; Ex-
1003, 9953-73.

RFID tags tradeoff signal absorption for reflectance, and vice versa. Both the
antenna and the load can be modeled as having an impedance that has both resistive
(real) and reactive (imaginary) components.

Dobkin explains that the antenna load (e.g., the IC connected to the antenna)
affects the current through the antenna (and the reflected signal). Therefore, by
changing the load impedance, the reflected signal can be modulated. This changes
the reflection properties of the antenna and modulates the reflected backscatter

signal (i.e., amplitude modulation, phase shifting, or both). /d., 68-69.
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Figure 3.15: Modulated Backscatter Using a Transistor as a Switch.

The state of maximum absorption (and minimum reflectance) is the “matched
condition,” which is when the imaginary components of the antenna and load are
complex conjugates (i.e., opposites such that they cancel out) and the real
components are equal. This is also the condition when 1) the reflectance coefficient
(') 1s 0; 2) the resonant frequency of the RFID tags matches the frequency of the
incoming signal; and 3) maximum power can be harvested. Ex-1021, 210; 311.

Dobkin explains the operation of modulation circuits that use open and short

circuit configurations, along with a problem:

It is obviously possible to obtain a higher backscattered signal power 2P, by switching
between an open circuit and a short circuit—but in this case no power at all is delivered to the
1C! Such a configuration can be considered for a semipassive tag.

Ex.-1021, 211-214.
Dobkin explains that in early designs, a tag “would start its reply to a reader

and then run out of juice in the middle of transmitting its ID.” Id. It then proposes a

8
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solution: “it is helpful to consider trading off some backscattered signal for more
tag power.” 1d.

Dobkin explores the tradeoff between power harvesting and backscatter
signal strength by analyzing two different binary modulators, neither of which
short the antenna: one in which a “resistance in series with the load” (i.e., the 1C)

in Figure 5.19 and the other when capacitance is placed in parallel shown in Figure

5.20.
P=iR, /2 !
a I.'II'|| -\-\ - J “ :
Lt iR a led ‘\ i
=ty !
, "J‘ rad i
j(m-” la? 1i;“'lnml = 2_ [
T Reoa=1.5R ,, |
T !
state 1 = large load i stote 2 = small load
Figure 5.19: Modulation Using a Resistive Circuit in Place of a Short (Resistive Amplitude-Shift
Keying).
ld., 215.
"i\ F R, /2 Q Pra— ER /2
i R 5 iy R N
I VAAYA — VW
Vant é‘u} ' Vant 'fb

% _JIR,,“, |:i| R =R, | Xnod™ JR g |:i| g‘Rh“"; R

state T = positive reactance i state 2 = negative reactance

Figure 5.20: Modulation Using Reactance Rather than Resistance.
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Id., 216.

Dobkin summarizes his anlaysis showing both circuits increased power
harvesting compared to short circuits, and concluded modulators with “reactive”
components (e.g., capacitors and inductors) provide better power harvesting with

less loss of backscatter signal:

Table 5.1: Meodulation Approaches.

Approach Backscattered Power IC Power
Match <==> Open P2 P. /2
Short Circuit
) Resistive g LEF, . w
Alternative Reactive PSK 032 Py, 038 P,
Impedances

Ex-1021, 218.

C. Load Impedance and Antenna Reflectance

Backscattering happens by matching and unmatching the tag’s antenna and
integrated circuit (IC) impedances, which varies the reflectance coefficient and the
resonant frequency. Ex-1003, 9963-64; Ex-1007, 213. Dobkin explains the
fundamentals in Appendix 4. Ex. 1021, 477.

The energy reflected corresponds to the tag’s reflection coefficient, which is
represented by the following equation:

(2 —2zg)
C(zi+24)

Pi

where Z,is the antenna impedance and Z; is the IC impedance. Ex-1003, 4965-67;
10
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Ex-1005, 772; Ex-1021, 477; 968 patent, 4:62-67.

D. The ’968 Patent’s Alleged Discoveries Were Well-Known

The *968 patent purports to improve passive RFID systems by “sacrific[ing]
backscatter signal strength in order to provide additional received power to the tag
100.” Id., 4:18-24. It asserts that the prevailing belief was “that a reduction in tag
transmission performance would reduce the range of the tag.” Id., 1:40-45; 4:18-23.
It further contends that in prior art RFID tags, the backscatter “signal is designed to
have the maximum strength to maximize the range of the tag 100”—i.e., a short
circuit or close to it. /d., 1:40-45; 3:60-65; Ex-1003, 9974-82.

This was not true. Dobkin, a textbook from nearly a decade earlier, explained
that “it was not uncommon for a tag to start its reply to a reader and then run out of
juice in the middle of transmitting its ID” and therefore “it is helpful to consider
trading off some backscattered signal for more tag power.” Ex-1021, 214; Ex-1003;
q174.

The 968 patent illustrates reducing the backscatter signal in Figure 3,
“allow[ing] for steady transmission of a (weakened) signal 102’ at the fringes of the

tag range, which modern readers are able to read.” Id., 4:23-28.

11
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FIG. 3

Rather than “reflecting substantially all of the signal and substantially none of
the signal during different transmission periods, antenna 104 has periods of
relatively high reflectance and relatively low reflectance.” Id., 4:24-34. The *968
patent contends this “expands the useable range of the tag, by allowing the antenna
to continuously harvest power while transmitting the reflected signal 102” /d., 4:47-
51.

The 968 patent then employs well-known concepts of ‘“add[ing] or
subtract[ing] one or more impedances 620 from antenna 104” to change “the
resonant frequency and reflectance properties without shorting the antenna 104.” 1d.,
5:43-57; Figures 5 and 7.

E. The ’968 Patent’s Prosecution History

During prosecution, the Applicant distinguished the prior art based on
amendments directed to reducing the reflectance of the main antenna “without

shorting the main antenna.” Ex-1002, 34-36; id., 13-14.

12
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F. The Prior Art

1. Boyer

Boyer published two years before the 968 patent and discusses the same
problem (reduced tag availability from insufficient power harvesting) and the same
solution (power harvesting throughout backscatter communication). Ex-1003, 9988-
93.

Boyer explains that “[i]f the (average) power harvested by the tag is greater
than the (average) power consumed in its active state, then the tag is operational 100
percent of the time. If not, the tag undergoes a duty cycling behavior between an
active state and a sleep state; clearly this reduces availability for backscatter and
reduces uplink throughput.” 1d., 775, 776.

Boyer teaches embodiments that maximize tag performance by power
harvesting throughout the entire active state (when the RFID tag is modulating the
reflected signal)—exactly as discussed in the 968 patent. Id., 775-776 (Section II-
C). Indeed, Boyer expressly states that the modulation impedance, Z», is “between
an open (Z, = ) and short state (Z> = 0)” and that as the value approaches a short
circuit, the “harvested power during backscatter Ppack decreases.” 1d., 775.

Boyer concludes that while increasing the reflectance increases the signal
strength (shown by the bit error rate “BER™), it reduces the amount of power

harvested (Pvack) and reduces the amount of time the tag remains available to transmit
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data (“Deycte”’). This in turn reduces data throughput and ultimately limits the range
of the tag. Id. (“[b]y increasing |[['12] the BER improves, but Puick and the
corresponding tag duty cycle Dcycle decreases.”) Ex-1005, 776.

2. RFID Handbook

RFID Handbook was published 7 years before the 968 patent. It provides the
fundamentals of RFID passive tags and backscatter transmission. Ex. 1023, 22-23,
39-40, 47-48, 114-141; Ex-1003, 4994-97.

Figure 4.89 depicts the structure for several conventional binary modulators,
as well as the absorbed (P.) and reflected (Ps-mod) signals, including:

1. am impedance modulator (4.89(d) using impedance Zmod);
2. an ohmic modulator (4.89(e) using a resistor Rmod); and

3. a capacitive modulator (4.89(f) using a capacitor Cmod).
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(e) Ohmic (real) modulation (1) Capacitive: modulation
Figure 4.89 Generation of the modulated backscatter by the modulation of the transponder impedance
Zri=Ry)
Id., 140.
3. Waldner

Waldner discloses an RFID tag that dynamically adjusts its resonant
frequency to reduce potential effects of electromagnetic “tag-to-tag coupling.”
Waldner, Abstract; §21. An RFID tag can vary its “resonant frequency” by
“selectively coupl[ing] electrical elements, such as capacitive elements, inductive
elements, or combinations thereof.” Waldner, Abstract, 9914, 43; Ex-1003, 98-100.

Figure 3 shows “switch 46 ... switches between inductive elements 48 A and
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48B in order to selectively include inductive elements 48A and 48B as additional

loops for an antenna 42” or “completely separate antennas.” 1d., 9937-38.

4. Kapucu

Kapucu (Ex. 1009) discloses a design “for passive UHF RFID tags that use
pulse-width modulation (PWM) in backscattering communication.” Kapucu, 1; Ex-
1003, 9101-103. Kapucu specifically addresses RFID tags with “phase-locked loop

(PLL) based sensor interfaces [that] can be used in RFID tags with capacitive sensors

16



Petition for Inter Partes Review of
U.S. Patent No. 10,452,968

to reduce the power consumption of the tags.” Id.! “[T]he output of the sensor
interface is a pulse train whose duty cycle is proportional to the variation in the
sensor capacitance value.” Id. “The pulse train signal controls the backscattering
switches that short the antenna terminals. This way the sensor value information is
pulse-width modulated and sent to the base station (reader) by backscattering.” Id.
V.  Claim Construction

Petitioner does not believe any terms of the claims need to be construed.
Nevertheless, Petitioner reserves the right to respond should Patent Owner disagree.
VI. GROUND 1: Claims 11-12, 16-20 were obvious over Boyer in view of

RF Handbook.

A. Description of Boyer Embodiment

Boyer discloses a conventional passive RFID tag comprising a “binary”

impedance modulator (i.e., two states corresponding to Z1 and Z»):

! Kapucu cites to a companion article, Ex-1010, which describes the RFID and

sensor interface in more detail.
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RFID Tag

Fig. 2. System level diagram of an RFID tag with two modulator states.
£ represents the incident E-field penerated by the readers CW at the
tags antenna. &y represents the backscatter E-field propagating back to
the reader’s receiver. To modulate £, the on-tag microcontroller logic
switches the backscatter modulator between two impedance states 1 and Zo.
Additionally, the microcontroller processes any sensory data. The demodulator
(demod. ) block decodes the reader to tag communication. The power harvester
captures part of the energy in the incident RF £ _ for use by the tag.

Ex-1005, 772; Ex-1003, q9108-114.
Figure 3 shows an equivalent circuit (called a “Thevenin™ circuit) for

analyzing RFID tags like the switched modulator in Figure 2 (i.e., Zr is shown as

varying).

VOC ZL

Fig. 3. Thevenin equivalent circuit of an RFID tag. Vi is the voltage
induced by the reader’s CW, Z 4 is the tag antenna’s equivalent impedance,
and Zj, is the combined impedance of the tag front end and backscatter
modulator.
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In Figure 6,2 the circuit is assumed to be in a “matched” state such that the
reactive (imaginary) components of the antenna and integrated circuit (IC)
impedances are complex conjugates and cancel, leaving only the resistive (real)
components to consider. Ex-1005, fn. 7 (“the inductive and capacitive components
of antenna and tag IC are tuned out by matching.”). The “modulator impedance Zmod
is placed in parallel to the tag IC with equivalent resistance R, and the antenna has

equivalent resistance Ra.””

R,
VAV
Voc Z

mod

© el

Fig. 6. Thevenin equivalent circuit of an RFID tag with the modulator
impedances separated from rest of the tag IC. Reproduced from [24].

2 Ex-1005 774; Ex.1003, 99109-114 (explaining the relationship between Figures 2
and 6 and Section II-C).

3 In the Figure 6 equivalent circuit, the load impedance Z is split into its constituent
components: the impedance of the tag front end (R since its complex conjugates
are matched with the antenna) and backscatter modulator impedance (Zmod), which

are connected in parallel.
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Boyer then describes a specific example of this embodiment in Section II-C,
“where Zmod (as in Fig. 6) has two states Z; and Z», which are strictly resistive.” 1d.,
775. “One modulator state remains in the matched condition (i.e., Zi is an open
circuit) and the other state has the value Z,,” which can be varied “between an open
(Z> = ) and short state (Z> = 0).” Id. This embodiment is illustrated in the modified

figures below by their equivalent circuits shown in two states:

Ry R,

VAVAY, VAYAY,
VE)C R | Zmod =Ly =02 VOC R me{ = ZZJ where
tag tag 0< ZZ < oo
Modulator State 1 (low reflectance period) Modulator State 2 (high reflectance period)
Z, is an open circuit Z, is between an open and short circuit

Boyer Figure 6 (annotated, duplicated, and modified to show two modulation states);

Ex-1003, 9114.

B. The Combined RFID Tag: Modifying Boyer’s Section II-C
Modulator Impedance

The combined RFID tag comprises a simple substitution of a capacitor (Cmod)
for Boyer’s resistive modulator impedance (Z2) in the Section II-C embodiment.

Boyer’s Section 1I-C embodiment provides an example of a conventional
binary modulator in which the modulation impedances Zmoq “are strictly resistive.”
Ex-1003, 775. Since Z; is an open circuit and Z; is resistive, Boyer’s modulator is

therefore a basic “Ohmic” or “Real” modulation circuit as shown in the RFID
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Handbook below. Ex-1023, 140 (Figure 4.89(e), shown in red); Ex-1003, 4116.
However, it would have been obvious to a POSITA to use any suitable

impedance in Boyer’s conventional binary modulator, including an impedance with

reactance (imaginary components). The RFID Handbook describes two other

conventional and well-known modulators (in addition to the Ohmic modulator):

1. an impedance modulator (4.89(d) using impedance Zmod) in blue; and

2. a capacitive modulator (4.89(f) using a capacitor Cmod) in green.

a2-Dipole
P=PF, \
s -
R 5 S
F —— S Rr=R
p— Uy P, l
[a”
Ps=P, P,
(a) Equivalent circuit of the antenna (b) Partial absorption in power matching

T Impedance Z,,,4
(Real and/or Imaginary)
—] [[] 3
s

S ]
e
s
Py = 4P, P onad Fr=R,
¥Prmod
Data
(c) Reflection of 4 P, where Ay =0 (d) Technical application:

modulated backscatter

Fzod

]Q—» [

Resistor R, 44 = |: Capacitor Cp,oy
(Real) s s (Imaginary)
Poms N A=A Ps.roa Ar=A,
#Prmod \ ¥Prmod \
Data Data

(&) Ohmic (real) modulation (1) Capacitive modulation

Figure 4.89 Generation of the modulated backscatter by the modulation of the transponder impedance

Zyi=Ry)

1d., 140
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While the general impedance embodiment (Figure 4.89(d), blue) can apply to
any underlying electrical components (resistor, inductor, capacitor, or a
combination) and the analysis would be the same, for the purposes of the following
analysis and for simplicity, the combined system will substitute the RFID
Handbook’s capacitor Cmeda from the “capacitive modulation” circuit shown in
Figure 4.89(f) for Boyer’s Z> impedance in its Section II-C embodiment. No other
changes are needed. Ex-1003, qq117-118.

Therefore, in the combined system, impedance Z; remains an open circuit and
impedance Z» is still varied between an “open” and a “short” circuit as taught by
both Boyer and RFID Handbook.

The reflection coefficient (I') of the RFID tag is given by the following

equation:

_ ZL—Zi : N reflact oaffic
I' = Zizy 1S the (complex) reflection coefficient

between the antenna and load:

Ex-1003, 9120; Ex-1005, 772.
In the modulation state for Z; (switch is open), I'1 is 0 because Boyer’s circuit

is in a matched condition (Z. = ZA") and therefore the numerator in the above

equation is 0.

In the modulation state for Z,, Boyer varies [, between 0 (i.e., open circuit
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matched condition) and 1 (short circuit, where ZL =0 and I' = Zx"/ZA" = 1).

The following table provides a summary of the RFID tag for the anlaysis

below:

Reflectance Modulation Modulation Reflection

Period Impedance (Zmod) | Impedance |Value| | Coefficient (I')
Between short and

State 1: _ ..

First (High) Z>= Crod open circuit 0<|Iz<1

= (O </hr< OO)
State 2: _ . o _
Second (Low) Z1=0pen switch Open circuit () ['1|=0

Ex-1003, 99120-123.

C. Motivation for Modifying Boyer’s Z, Impedance

A POSITA would have been motivated to use a reactive or complex
impedance—such as modulation capacitor Cmod as taught in RFID Handbook—in
place of Boyer’s “strictly resistive” Z, in the Section II-C embodiment.

First, Boyer’s resistive Z; and a conventional Cioq impedance are used for the
same purpose and perform the same function: they are switched on and off in an
RFID passive tag to modulate the backscatter signal by mismatching the antenna and
load impedances. Ex-1003, 4125. As such, both circuit elements were well-known
and conventionally used in these types of circuits. Indeed, RFID Handbook

expressly shows both configurations side-by-side as conventional binary modulation

circuits:
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ResistorR,,;  o—) — [ Capacitor Cpo4
(Real) s s : (Imaginary)
(oo @ ./
Psmod \\ Ar=A, Pemod ‘\\ R =R
¥Prmod \ $Prmad \
Data Data
(&) Ohmic (real) modulation () Capacitive modulation
Figure 489 Generation of the modulated backscatter by the modulation of the transponder impedance
Lri= R

Ex-1023, 140.

No other changes to Boyer’s circuit are required to operate for its intended
purpose of backscatter modulation if the variable load impedance has a complex
value. Ex-1003, 4126.

Therefore, the combined system would have represented a “simple
substitution of one known element [i.e., a conventional capacitive modulation
impedance Cmod] for another [Boyer’s conventional resistive modulation impedance
Z>] to obtain predictable results [i.e., a conventional capacitive modulator circuit,
just as shown in RFID Handbook Figure 4.89(f), that is switched on/off to change
the reflective characteristics of the RFID tag to modulate the reflected signal, with
no changes to how Boyer currently operates.]” KSR, 550, 415-421; Ex-1003, 9127.

Second, Boyer motivates the modification. Throughout Boyer, Zmod is
described in terms of a general impedance, teaching that backscatter modulation is

achieved via modulation of a complex load impedance. It is never suggested that a

24



Petition for Inter Partes Review of
U.S. Patent No. 10,452,968

resistive modulation impedance is required to take advantage of the underlying
principle: i.e., optimizing tag performance by sacrificing transmission power for
more power harvesting. Thus, like the RFID Handbook Figure 4.89(d) disclosure of
a modulation impedance of “Zmo,” a POSITA would have understood that the
designer of the circuit would choose—based on the design parameters and system
purpose—the type of impedance, including potentially with some reactance. Ex-
1003, 9128.

In fact, Boyer teaches “that switching between symbols [impedance
modulation states] by changing only the real component of 1 [corresponding to the
resistive part of the modulation impedances] tends to be less efficient in terms of
power harvesting than changing the imaginary component of 1| [corresponding to
the reactive components of the modulation impedances].”* Id., 774. A POSITA
would have therefore understood that the selection of Z, as “resistive” was for
illustration purposes and would have been motivated by Boyer to investigate the use
of complex impedances, including capacitors and inductors. Ex-1003, 4129.

In fact, Boyer’s Figure 7 shows that for a 4-state modulator, maximum power

4 Boyer introduced a design parameter, 1, which “corresponds to Zmod value.” Ex-

1003, 774.
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harvesting (Pwg) corresponds to a constellation of impedances—the cluster on the
left-side of the graph—having both real (the component of each point on the x-axis,
highlighted in blue) and imaginary (the component of each point on the y-axis,

highlighted in red) components:

@ Optimal ; h
© Suboptimal mmp, 0.75 + 0.259
= e 7 Pk = 0,16y

Poacke = 1.73Fy O
\“""-\ /
®

Prg= P \ Fee=?
‘\HJ—U.:) =075 1= 1||‘/-..
o

i

[Reqn
|

[ = 0.75 — n.255

A 4

Fig. 7. Two 4-QAM constellation with identical detection error by the reader,
but with different Fj, values. One constellation uses the optimal 1 values,
while the other constellation is arbitrarily placed. The solid-lined circle is the
boundary of the set W, the feasible n values. The Pae values are given for
the match (7 = 0.5) and short (7 = 1) state. Phack 15 give for the optima
constellation design and for the arbitrarily placed constellation. Reproduced

from [24].

1d., 774 Ex-1003, q130.

Boyer also explains that “detection performance depends on the Euclidean
distance between the two reflection coefficients states via [['1,2| = [I'1| — 2| . ...” Ex-
1005, 772. And Figure 8 shows tag performance based on the absolute value
(magnitude) of the difference in the reflectance values |I'1,2|. Thus, a POSITA would
have known that the impedances are typically complex and would have been
strongly motivated to try them as it would enable additional degrees of design
freedom to meet the desired condition on the magnitude of the difference of
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reflection coefficient |['1,2] in pursuit of enhanced RFID tag performance. Ex-1003,
q131.

Textbooks confirm that a POSITA possessed the necessary background of
backscatter modulation using variable complex load impedances and knew the
benefits thereof. For example, when addressing the same transmission power/power
harvesting trade-off, Dobkin showed that a binary modulator circuit where Zmod 1S
only capacitive has better power harvesting and backscatter transmission than a
strictly resistive binary modulator. Ex-1021, 214-218 (Table 5.1, comparing
modulators in Figures 5.19 and 5.20); Ex-1003, 9132.

Therefore, the combined system would have represented “[u]se of known
technique to improve similar devices [RFID tags] in the same way.” KSR, 550,
415-42. At the very least, a POSITA would have recognized this as a design choice
and found it obvious to try a complex modulation impedance (e.g., a capacitor
Cmod) since there are only a finite number of choices—resistive, reactive, or a
combination of the two. Ex-1003, 9133.

D. Boyer in view of RFID Handbook renders claim 11 obvious

1. The combined RFID Tag discloses [11P]

Boyer discloses “a radio-frequency identification (RFID) tag” [11P]. For
example, Boyer explains that a “backscatter communication system consists of two

components: a RFID tag (backscatter node) and a RFID reader
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(transmitter/receiver).” Ex-1005 772.

Reader CW Feader
Transrmtter Recerver
.@j e Elr.at Y
z'-'r' - /'ll =, |
3 »
- ,,/{~~ )
Powrer "
Harvester [
Micro— (i
Coniroller
i _ —_
'Ir -
Sensors
= RFID Tag

Boyer, Figure 2 (“an RFID tag” (shown in yellow)).
Figure 6 shows the Thevenin equivalent circuit for an embodiment of the

“RFID tag” with a binary backscatter modulator analyzed herein.

R,
VAV
Voc Z

mod

© el

Fig. 6. Thevenin equivalent circuit of an RFID tag with the modulator
impedances separated from rest of the tag IC. Reproduced from [24].

Ex-1003, 9134-136.

2. The combined RFID Tag discloses [11A]

Boyer discloses “a main antenna that receives a radio-frequency (RF) signal
from an RFID reader and wirelessly harvests power from the RF signal” [11A]. The

RFID tag includes at least the antenna (blue) that receives the RF signal &;,,. (green)
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from the RFID reader (“Reader CW Transmitter) in Figure 2 below.

Reader CW Feader
Transrmtter Recerver
P £ Y

Q:)j ) X
— 157/
Powrer -
vt |¢ ?
Miero— |
Controller
[ z, 7
Y
Sensors
= EFID Tag

Boyer, 772.

The “&;,, represents the incident E-field generated by the reader’s CW at the
tags [sic] antenna.” Id., 772. “The power harvester” (purple above) “captures part
of the energy in the incident RF &, for use by the tag.” Id.

Further, “[a]ny tag within range of the reader’s downlink CW signal will
backscatter a portion back to the source (the reader), while the remainder is
harvested to assist powering the on-tag integrated circuit (IC).” Id., 771; 775
(“Passive RFID tags must rely on harvesting a portion of the reader’s CW incident
energy ....”). Ex-1003, 134-142. See the analysis of [11C.2] below.

3.  The combined RFID Tag discloses [11B.1]

Boyer discloses “a circuit that is configured to vary a reflection coefficient of

the main antenna to transmit a reflected signal to the RFID reader” [11B.1]. In
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Figure 2, the “integrated circuit” (IC) includes a microcontroller [orange] that
modulates the reflected signal &.4; [red] to the RFID reader [“Reader Receiver”]
by switching between impedances Z; [blue] and Z, [yellow] on the antenna, thereby

changing (i.e., “vary[ing]”) its reflection coefficient (I). Id., 771- 772.

Reader CW Feader
Transmmtter Recerver
ll;-'!_:l j ET; cat T

= RFID Tag

For example, the “microcontroller”—i.e., a part of the IC and hence a
“circuit”—includes logic that “switches the backscatter modulator between two
impedance states Z; and Z,” to modulate the backscattered signal Eg.q;. Id., 772; 771
(“IC modulates information onto the backscattered CW by controlling the front-end
impedance loading.”). A POSITA would have understood that the IC and
microcontroller are “circuits” because they comprise circuit elements to perform
logic—including the switching to perform modulation. Ex-1003, q145.

Boyer further explains that “the tag”—via the IC and microcontroller—

“switches the modulator impedance between Z; and Z» resulting in the
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corresponding reflection coefficients I'1 and I'2, respectively.” Id., 772. Boyer sets
forth the well-known relationship between the antenna impedance (Za), load
impedance (Zr, “combined impedance of the tag front end and backscatter
modulator”—i.e., either Zi or Z, whichever is connected), and the reflection

coefficient of the antenna:

_ ZL_Z:l
I = ZL+Z%
between the antenna and load:

is the (complex) reflection coefficient

Id., 772; Ex-1003, q9146-149.°
The ’968 patent provides the same equation for its “reflection coefficient of
the antenna,” where Z1 and I' in Boyer are the same as Z; and p in the *968 patent,

respectively:

explained in the following equations (1)-(4) and Table 1. The
reflection coefficient p is described according to equation

(1).

P|Emz Y (z=2."), (1

where z, is the antenna impedance.

> Where Z4" is equal to the complex conjugate of the antenna’s impedance, Za.
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’968 patent, 5:64-67.°

That the equation in the 968 patent for the “reflection coefficient” of the
“main antenna” expressly considers both the antenna impedance (Z.) and the load
impedance (Zi) confirms the understanding of a POSITA that the “reflection
coefficient of the antenna” is affected by changes in the load, which in turn is
affected by changing modulating impedances like Boyer’s Zi/Z». Indeed, it is not
uncommon to refer to the reflectance properties of an RFID tag as properties of the
antenna. But the reflectance properties (e.g., reflectance, resonant frequency, etc.) of
the RFID antenna (and hence the tag) are affected by the load impedance, which the
’968 patent confirms. Said another way, if the same antenna conductor (e.g., same
material, length, etc.) is connected to two different loads, it will have a different

reflection coefficient.

6 The equation recited in the *968 patent includes a typographical error. The
denominator should reflect the sum of the antenna’s and integrated circuit’s

impedance, not the difference. Ex-1003, 966, 150.
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Changing either Z, (Z,) or Z, (Z,) changes the reflection coefficient

. Zr—Z* — kR ®
I = 77 P=(Z—2,* )V (z;~2,*)
Boyer ‘068 patent

The 968 patent confirms that changing the modulating impedance connected
to the antenna as taught by Boyer changes the “reflectance properties” of the “main
antenna.” The ’968 patent explains that “Electrical-reduced backscatter signal
strength and increased tag power efficiency are achieved and controlled via choosing
a different modulating impedance within tag circuitry.” 968 patent, 5:51-54. “In
these embodiments, an ASIC or processor 600 controls one or more switches 610 to

add or subtract one or more impedances 620 from antenna 104. This changes the

resonant frequency and reflectance properties without shorting the antenna 104.”

Id., 5:55-59.

The above describes the binary modulator in Boyer, which shows Z; (open
circuit) and Z» (green) connected directly to the antenna by the switch (blue), just
like Figure 6 from the 968 patent. Boyer, 771, 772 (“Zv is the combined impedance

of the tag front end and backscatter modulator”™).
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100
( Reader CW Reader
Transmitter Receiver

RFID TAG

600

= RFID Tag

‘968 Patent, Figure 6 Boyer, Figure 2

Ex-1003, q4151-152.

The claims confirm that the ’968 patent uses “main antenna” and the
combination of the antenna and IC (or tag circuit) interchangeably for these
concepts. For example, claim element [11A] recites the “main antenna” “harvests
power from the RF signal.” See also [11C.2]. Of course, a POSITA would have
understood that power harvesting (rectification, i.e., conversion of RF to DC) can
only be done in the IC (e.g., through Boyer’s “power harvester”); power harvesting
cannot be done by the antenna alone. Ex-1023, 129-137; Ex-1003, 4151.

In Section II-C, impedances Z; (“open circuit”) and Z, (“between an open (Z>
= o) and short state (Z> = 0)”) are different, resulting in different reflectance

coefficients |I'1| and |I2|, respectively ([Tt = 0; 0 < [T2|<1). Boyer, 775. This analysis
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does not change whether Z> is a resistor, a capacitor (as in the modified system), an
inductor, or combination thereof. Ex-1003, q153.

Finally, as explained for element [11B.2], the reflection coefficient (I')
determines the reflected E-field at the reader (&.,:). Therefore, the IC and
microcontroller are “configured to vary a reflection coefficient of the main antenna
to transmit a reflected signal to the RFID reader” [11B.1].

4. The combined RFID Tag discloses [11B.2]

Boyer discloses “the reflected signal having a first reflectance period and a
second reflectance period when an amount of reflectance by the main antenna of
the RF signal is different than during the first reflectance period” [11B.2].

As shown for element [11B.1], the “tag switch[ing] the modulator impedance
between Z1 and Z» result[s] in the corresponding reflection coefficients I'y and I,
respectively.” Id., 772; Ex-1003, qq156-157. “By altering the tag’s antenna
impedance loading” (i.e., switching between load impedances Z; and Z»), “a return
signal with different phase and amplitude is backscattered to the reader.” Id., 772.
Boyer defines the reflected E-field “signal at the reader,” £;.4¢, as a function of the
reflection coefficient I'.

5
&E

- _ °SM a
Escat = Escat — l—‘IM I_
a

1d., 772 (equation (1)). This is the “reflected signal.”
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Therefore, I'; and I'y are the antenna reflection coefficients corresponding to
the periods when the IC switches the modulator impedances between Z, and Zi. This
in turn changes the “amount of reflectance by the main antenna,” providing the first
reflectance period (i.e., high reflectance corresponding to I> and an “ON”
modulation period) and the second reflectance period (i.e., low reflectance period
corresponding to I'1 and an “OFF” modulation period) of the resulting backscattered

electric field at the reader (e.g., to achieve ON-OFF keying):

Reflected Signal During Second/Low (I'2 and Z.) /
First/High (I' and Z;) Reflectance Periods

1d., 772; Ex-1003, 99158-160. Therefore, the amount of RF signal that is reflected
by the antenna is proportional to I'.

In Section II-C, the binary backscatter modulator switches between the two
states by changing the modulation impedance, Zmod, between Z; (open circuit for the
low reflectance period with matched condition, where I'1 = 0) and Z, (having a

value between an open and short circuit for the high reflectance period, where 0 <

IT2| < 1). Id., 775; Ex-1003, q161.
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Ry R,
AYAY VAYAY
l/OC R | Zm{)d = Z]_ =02 ‘/OC R Zm()d = ZZJ where
1ag tag 0< 22 < oo
|
Modulator State 1 (low reflectance period) Modulator State 2 (high reflectance period)
Z, is an open circuit Z, is between an open and short circuit

Boyer Figure 6 (annotated, duplicated, and modified to show two modulation states).
Since I'1 and I are different, the “amount of reflectance of the RF signal,”
which if not the reflection coefficient themselves, is at least proportional to the
reflection coefficient as shown above, is therefore varied to modulate the signal.
The *968 patent confirms that the firsz (high) and second (low) reflectance
periods includes the ON and OFF periods of the backscatter signal as shown in

Boyer.

T1 = OFF time (low reflectance period)

-t

FIG. 2

’968 patent, 3:65-4:3.

Finally, for the same reasons explained above for [11B.1], the “amount of
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reflectance” is “by the main antenna.” A POSITA would have understood that the
antenna reflectance properties are dependent on the load connected to the antenna at
least because the equation for I" depends on both impedances. Ex-1003, q151-152;
see limitation [11B.1].

5. The combined RFID Tag discloses [11C.1]

Boyer discloses “wherein a reflectance of the main antenna is reduced below
a predefined amount during the first reflectance period without shorting the main
antenna” [11C.1].

As explained for elements [11B.1]-[11B.2], a binary system that switches
modulator impedances Zmoq between Z; and Z, provides different antenna reflection
coefficients, I'1 and I'>. This in turn yields different amounts of the reflected electric
field (the RF signal), £.4¢, by the antenna during different periods of the reflected
signal (e.g., for ON-OFF keying). Boyer, 771-773; Ex-1003, 49165-170.

Since the RFID tag in Section II-C has one state (when Zmod = Z1) set to a
“matched condition” (i.e., ZL is equal to Za), a POSITA would have understood that
corresponds to the second (low) reflectance period when 1) maximum power
harvesting and minimal reflection occurs; and 2) I'1 is equal to 0, as set forth in this

equation from above:

=7y . ) L " e
I' = Zi 17, 18 the (complex) reflection coefficient

between the antenna and load:
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Ex-1003, 99171-173.

Similarly, since setting Zmod = Z> determines the reflectance of the antenna in
the first (high) reflectance period, a POSITA would have understood that the
reference to a “short state” is a short circuit of the antenna. Therefore, a POSITA
would have understood that selecting Zmoa = Z2 “between” an “open” and “short
state” means that 1) antenna reflection coefficient |[['2| will be greater than 0 and less
than 1; 2) the antenna will not be shorted since Z; is between an open and a short;
and 3) since the antenna is not shorted, |I2| is below a “predefined amount” (for
example, less than 1, but also potentially any amount within the disclosed range of
0to 1). Ex-1003, q9174.

Although in the combined system I'> will have a complex value, its magnitude

will still be greater than 0 and less than 1. The magnitude of a complex number (z)
is given by: |z| = [x +Jy| = /x"2 + y"2 (i.e., the vector from the origin to the point

in the complex plane):

Imaginary Axis

4 Complex Plane

Yp======== z=X+Hy

4 L P> Real Axis

39



Petition for Inter Partes Review of
U.S. Patent No. 10,452,968

Therefore, since Z> = Ciod in the modified RFID tag, it has a corresponding reactance
value and a non-zero magnitude, and the same analysis applies. Ex-1003, 9175-
176; Ex-1021, 460.

Again, these states (corresponding to Zmod = Z1 or Z2) are illustrated by the

two states of Figure 6:

R, R,
VAYAY, AA/
Voc R |Z,,md =Z,=o  Voc R Z,. =2LZ,where
@ tag 2 @ tag é 0<Z,< o0
|
Modulator State 1 (low reflectance period) Modulator State 2 (high reflectance period)
Z, isan open circuit Z, is between an open and short circuit

Boyer Figure 6 (annotated, duplicated, and modified to show two modulation states).

That the reflectance of the main antenna corresponding to |[I'2| is less than a
“predefined amount” and the antenna is not shorted is confirmed in Figure 8, which
models reflectance coefficient values for |I'12| of the antenna that range from 0 to 1,

and hence include instances where |I'2|” is below a predefined amount (i.e. less than

7 Claim 3 indicates the “predefined amount” concerns the “reflection coefficient.”
Claims 2, 3, and 7 also appear to equate the “reflectance” with the “reflection

coefficient.” To the extent the “reflectance of/by the main antenna” means the
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1, less than .1, less than .2, less than .3, etc.).® Examples are highlighted below for
the Section II-C embodiment with |I"2| between 0 and .5 (in green) and thus below,
for example, a “predefined amount” equal to .5. Also, the points in red show each

RFID tag performance when || =.5.

——d=12m, PC = 10microW
600 ——d=35m, PC = 1microW
—_——d=22m, PC = 10microW
— — d=60m, PG = TmicroW

500

—
/,/
~

100 ¥/ e

/ e

/ e

-
0 - I I I 1 1 I |

I', below “predefined amount” of .5 “predefined amount” for reflection
coefficientis .5

Boyer, 775-776.

Finally, for the same reasons explained above for [11B.1], the “reflectance”

amount of signal reflected, as shown above, that is proportional to I'. Petitioner
reserves the right to argue all claims are indefinite because of the ambiguity.
8 For the RFID tag described in Section II-C, a POSITA would have understood

|T'12| is equal to T2, since I'y = 0. Ex-1003, §177.
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i1s “of the main antenna.” A POSITA would have understood that the antenna
reflectance properties are dependent on the load connected to the antenna. Ex-1003,
q151-152.

6. The combined RFID Tag discloses [11C.2]

Boyer discloses that the reflectance is reduced below a predefined level “to
enable the main antenna to continuously harvest power while transmitting the
reflected signal to the RFID reader” [11C.2]. As explained above in Section IV.F.1,
Boyer expressly applies the principal of reducing backscatter transmission power to
increase power harvesting during backscatter.

In the RFID tag in Section II-C, since the modulation impedance Z> is not a
“short state” and therefore |I'2| is less than 1, at least some of the incident RF field
that is not reflected is harvested for power. Boyer, 775-776; Ex-1003, 99179-181.
Indeed, Boyer states in its “Fundamentals” section that while part of the incident RF
electrical field is backscattered, “[/¢tfhe remaining power is assumed harvested by
the tag, 1.e. dissipated by the modulator impedances Z1, Z>.” Boyer, 771.

Boyer teaches that the amount of power harvested during backscatter, Ppack, 18
a function of the impedance load during the entire backscatter period. Boyer, 775-
776; Ex-1003, q182.

For example, Boyer teaches that when “[o]ne modulator state remains in the

matched condition (i.e., Z1 is an open circuit) and the other state has the value Z,,”
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“[b]y varying the value of Z> between an open (Z> = ) and short state (Z> = 0), the
harvested power during backscatter Py decreases but link reliability improves.”
Ex-1005, 776. A POSITA would therefore have understood that the selection of Z»
affects the amount of power harvested during backscatter in the first (high)
reflectance period because as Z approaches a short circuit: the antenna reflectance
(I"2) increases, (meaning less signal to harvest) and therefore Ppack decreases. And of
course, if no power was harvested during the first (high) reflectance period, then
the impedance of Z, would have no impact on Ppack. Ex-1003, 182.

Boyer represents the power harvested during backscatter as:

1+ (11— |l 2
Poack = Pm ( 2| 1’2|)

where the constraints of Z; and Z, translate to |F1,2| <1 in the Section II-C
embodiment.” Boyer, 775-776. Boyer explains that as the reflectance difference
|F1,2| increases, “Ppack and the tag duty cycle Deycle decreases.” Boyer, 776. In other
words, the closer Z> is to a short state (Z2 = «), the less power the tag will harvest
during backscatter. Ex-1003, q183. Thus, Boyer teaches not shorting the antenna

during the first (high) reflectance period “to continuously harvest power while

? For this embodiment, |F1,2| is equal to ||
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transmitting the reflected signal to the RFID reader.”
In Figure 8, Boyer identifies the optimum performance values for different
distances and tag power consumption levels, all but one of which corresponds to a

difference in reflectivity |F1,2| of less than 1 (where the antenna is short circuited).

Optimum Performance
\ T T T T T T
\ ——d=12m, P_ = 10microW
600 —d=35m, F’C = 1microW
__d=22m,Pc = 10microW
__d:ﬁDm,F‘C = 1microW
500+
T 400
g
x
2
300
k]
o
&
200 . = 1
- = ——— e —— —
-
’//
ool g
/ -
/ -
0 - 1 I
0 01 0z 03 04 05 08 07 08 08 1
T,
Fig. 8. Goodput vs. |T'1+2| for varying tag-reader distances d and lag power
consumption Fc.

Boyer, 776; Ex-1003, 184.

Textbooks confirm that a POSITA would have known that power harvesting
occurs during backscatter: “it is helpful to consider trading off some backscattered
signal for more tag power.” Ex-1021, 214. Dobkin analyzes resistive and capacitive
binary modulation circuits in Figures 5.19 and 5.20, respectively, allowing “the
component values . . . to vary from those corresponding to a very small modulated

signal to the limit of open and short circuits,” and found increased power harvesting
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during backscatter in both circuits when the antenna is not shorted. Ex-1021, 214-
218; Ex-1003, 9185.

7. The combined RFID Tag discloses [11C.3]

Boyer discloses “wherein the reflectance of the main antenna is reduced
based on a change in a resonant frequency of the main antenna” [11C.3].

As explained for elements [11B.1]-[11B.2], Boyer varies the reflection
coefficient of the main antenna by switching the modulating impedance Zmod
between Z; and Z,. This changes the RFID tag from a “matched” to an “unmatched”
state.

In the modified RFID tag, Z> has a reactive component (e.g., it is capacitor
Cmod). Since resonant frequency is “inversely proportional to the product of
inductance and capacitance,” (Ex-1021, 217), a POSITA would have known that
adding (or subtracting) a reactance from the antenna of the RFID tag changes the

resonant frequency:

1
2vLC

,fres -

Ex-1021, 473 (resonant frequency); Ex-1003, §187-189.
Indeed, a POSITA would have known that changing an antennas reflectance

by “couple[ing] electrical elements, such as capacitive elements, inductive elements,
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or combinations thereof, [would] vary the resonant frequency of the RFID tag.” Ex-
1006, Abstract. Here, as shown in Boyer Figure 2 and 6, Zmod (Z2) 1s coupled to the
antenna, has a reactance component, and therefore changes the total reactance and
therefore “resonant frequency.” Ex. 1021, 477; Ex-1003, §9188-189.

For the same reasons explained for limitations [11B.1], [11B.2], and [11C.1],
a POSITA would have understood that changing the reactance of the load (e.g., the
IC or the modulation impedance) changes the resonant frequency “of the main
antenna.” First, a POSITA would have known that the LC value in the equation
above comprises the L and C from both the antenna and the load (including
modulation impedance). Ex-1003, q9190-195.

Second, it is not unusual to refer to the reflection properties of an RFID tag as
properties of the “antenna,” since that is the component that receives and radiates
the RF signals. Of course, the reflectance properties (e.g., reflectance, resonant
frequency) of the RFID antenna are affected by the load impedance. When connected
as an RFID tag, the antenna and tag have the same resonant frequency. Ex-1003,
19196-197; Ex. 1021, 477.

The 968 patent confirms that changing the modulating impedance connected
to the antenna as taught by Boyer changes the resonant frequency of the main

antenna. In the “electrical” embodiment, the 968 patent explains that “choosing a
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different modulating impedance within tag circuitry . . . changes the resonant
frequency . . ..” Id., 5:51-59. This describes the binary modulator in Boyer and the

RFID Handbook. Ex-1003, q198.

E. Claim 12 was obvious

Boyer discloses that IC with microcontroller (the circuit) “changes the
resonant frequency of the main antenna to generate the first and second reflectance
period” as recited in claim 12. See limitations [11B.1], [11B.2] and [11C.3].

In brief, the IC via microcontroller switches the modulation impedances Zmod
between Z; and Z», which changes the antenna’s reflection coefficient, I'1 and I,
and, with it, the resonant frequency of the antenna. This creates the firsz (high or
ON, Zmod = Z2) and second (low or OFF, Znoa = Z1) reflectance periods of the
reflected signal because it brings the antenna and IC into and out of resonance

(matched):

Reflected Signal During Second (I'; and Z;) /
First (I' and Z) Reflectance Periods

Boyer, 772, 775; Ex-1003, 99200-202.

F. Claim 16 was obvious

Claim 16 requires “a switch controlled by the circuit that connects an RF

impedance to the main antenna during the first reflectance period.” As explained
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for element [11B.1] and claim 12, Boyer includes an IC with a microcontroller
(yellow) that controls a switch (blue) connecting modulation impedances (Zmod = Z1
or Z;) to the main antenna. Boyer, 772 (“microcontroller logic switches the

backscatter modulator between two impedance states Z; and Z.”).

Reader CW Reader
Transmitter Receiver

@j g:.g;lt Y

/) )
2)
A\
) D Sy

Micro—

Controller

Boyer, Figure 2

Ex-1005, Fig. 2 (annotated).

As explained for element [11B.2], Z> (green) is connected through a switch
during the first reflectance period—e.g., during the ON modulation of the
backscatter period. A POSITA would have understood that impedance Z> is an “RF
impedance” because connects to the antenna to affect the RF properties. Ex-1003,

9203-205.
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G. Claim 17 was obvious

Claim 17 further requires “wherein the amount of reflectance by the main
antenna of the RF signal is greater than the predetermined amount during the first
reflectance period, and the amount of reflectance by the main antenna of the RF
signal is lower than the predetermined amount during the second reflectance
period.” To the extent this claim is understandable, Boyer discloses this limitation.!°

As explained above and for elements [11C.1] and [11C.2], in Section II-C:

e the second (low) reflectance period corresponds to the modulation
state for Zmod = Z1 (open circuit), and [I'1] is 0;
e the first (high) reflectance period corresponds to the modulation state
Zmoda = Zo (varies between an open and short state), and |I2| varies
between 0 (i.e., open circuit matched condition) and 1 (short circuit).
Boyer, 772,774-775.
Therefore, a POSITA would have understood that there is an “amount of

reflectance” between Zmod = Z1 (|| = 0) and Zmoda = Zo (0 < |[[2] < 1)—i.e., a

10 Petitioner reserves the right to argue that claim 17 is indefinite at least because 1)
the “predetermined amount” has no antecedent basis; and 2) it contradicts the use of

“predefined amount.”
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“predetermined amount”—that is greater than 0 (such that the “amount of
reflectance by the main antenna of the RF signal is lower than the predetermined
amount during the second reflectance period”) while also being less than |[2| (such
that “the amount of reflectance by the main antenna of the RF signal is greater than
the predetermined amount during the first reflectance period.”) Ex-1003, §9206-
210.1

For example, Boyer’s Figure 8, which models reflectance values that range
from 0 to 1 for |I2|,'* and hence any value below |I'2| and greater than 0 is the
“predetermined amount.” An example would include a value of .5, where I'2 (in blue)

is greater than .5.

1" As noted above, to the extent “amount of reflectance” refers to the amount of

reflected RF signal, rather than the reflection coefficients, then the same anlaysis
applies because the reflected RF signal strength is proportional to T

12 As noted above, in this embodiment, |1 2| is equal to I'.
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I', above “predetermined amount”

“predetermined amount” for reflection
coefficient is .5

Boyer, 776.

Each of the values on the x-axis provides a “predetermined amount” at least
because the designers had to select the antenna, chip impedance, and Z1/Z, values to
set the desired reflectance coefficients for each period of the modulated backscatter
signal, including the value during the high and low reflectance period corresponding

to Ty and 2. Ex-1003, §9211-212.

H. Claim 18 was obvious

For claim 18, the analysis for limitations [11B.2], [11C.1], claim 17 applies.
In short, I'; (reflectance during the first reflectance period) is between 0 and
1, and Ty (reflectance during the second reflectance period) is 0 in Boyer’s Section

II-C embodiment. Boyer, 775-776; Ex-1003, q9213-215.
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For claim 19, while Boyer does not expressly refer to IC as an “ASIC,” it

would have been obvious to use an ASIC for Boyer’s IC. First, ASICs were

conventional components for RFIDs, including backscatter passive RFID tags. Ex.

1021, 195. Even the inventor recognized years earlier that “typical passive tag

consists of an antenna and an application specific integrated circuit (ASIC) chip.”

Ex. 1007, 212. This would have been a “[s]imple substitution of one known element

for another to obtain predictable results.” KSR, 550 U.S. 415-421. Ex-1003, 9[9216-

218.

Second, a POSITA would have been motivated to use an ASIC as taught by

RFID Handbook so that the tag could be used in a wide range of applications.

Table 3.6 Overview of the power consumption of various RFID-ASIC building blocks (Atmel, 1994).
The minimum supply voltage required for the operation of the microchip is 1.8 V, the maximum permissible
voltage is 10V (Atmel, 1994)

Memory Write/read Power Frequency Application

(bytes) distance(cm) consumption
ASICH#I1 6 15 10pA 120 kHz Animal ID
ASIC#2 32 13 600 nA 120kHz Goods flow, access check
ASIC#3 256 2 6UA 128 kHz Public transport
ASIC#4 256 0.5 <l mA 4 MHz* Goods flow, public transport
ASIC#5 256 <2 ~1mA 4/13.56 MHz Goods flow
ASIC#6 256 100 500 nA 125kHz Access check
ASIC#7 2048 03 <10mA 491 MHz* Contactless chip cards
ASIC#8 1024 10 ~1 mA 13.56 MHz Public transport
ASIC#9 8 100 <1 mA 125kHz Goods flow
ASIC#10 128 100 <1 mA 125kHz Access check
*Close-coupling system.

Ex-1023, 42; id., xiii (defining “ASIC”).

Third, a POSITA would have known of benefits of using an ASIC, such as
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reduced cost and size at scale. Ex. 1021, 195; Ex-1003, 99219.

J. Claim 20 was obvious

For claim 20, while Boyer does not expressly describe the antenna as “linearly
polarized,” such antennas were well-known and conventional in the art at the time
the *968 patent was filed. One example is a dipole antenna, which “is a linear
polarised antenna in which the electric field lines run parallel to the dipole axis.” Ex-
1023, 114; Ex-1003, 99220-221; Ex-1007, 216 (using a “linearly polarized
transmitting antenna” for the measurements of the RFID chip.) RFID Handbook
shows that the antennas in its modulation circuits shown in Figure 4.89(a)-(f) are
“A2 Dipole.” Ex-1023, 140. Even the *968 patent admits that such RFID tags were
“prevailing on RFID market.” 968 patent, 5:32-35.

Because Boyer is agnostic as to the details of the antenna, a POSITA would
have selected any suitable antenna for Boyer’s RFID tag, including a conventional
“linearly polarized antenna” like a dipole antenna. A POSITA would have also
known of the benefits of using a linearly polarized antenna like a dipole antenna,
such as increased energy transfer when the transmitting/receiving antennas have the
same direction. Ex-1023, 114. This modification would have been a “[s]imple
substitution of one known element for another to obtain predictable results” or, at

the very least, “use of known technique to improve similar devices in the same way.”
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KSR, 550 U.S. at 415-421. Ex-1003, 4222.
VII. GROUND 2: Claims 1-5, 11-20 were obvious over Boyer in view of

RFID Handbook in further view of Waldner.

Claims 1-5, 13-15 are similar to claim 11 except they claim the use of
“separate length of antenna” as the impedance that is switched onto the antenna.
However, this was a well-known way of varying the load impedance (and therefore

the reflectivity) of an RFID tag antenna.

A.  The combined system

The combined system of Boyer in view of RFID Handbook is an RFID tag
with “binary backscatter modulator” that includes an impedance Z, having a
reactance—in the example for claim 11, a capacitance Cmod. However, as explained
in Sections VI.A-VI.C, a POSITA would have known that the modulation
impedance Zmod could have any value and comprise any suitable circuit element
depending on the system design. Indeed, Boyer refers throughout to Zmod, without
reference to its composition until Section II-C, and only then to illustrate the
principle power harvesting/backscatter power tradeoff. And RFID Handbook
discloses a modulator with impedance Zmoa (blue) alongside the Ohmic (red) and

Capacitive (green) modulation circuits.
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(a) Equivalent circuit of the antenna (b) Partial absorption in power maiching

Zos Impedance Z,,,
(Real and/or Imaginary)

— —) D

s s
] . )
_ Fy=0

Pg=4P, Pmod Fy=R
¥Prmod

Data /

{c) Reflection of 4 P, where B =0 (d) Technical application:
modulated backscatter

e
Resistor R4 — —) D 1 Calpacit.or Cioa

(Real) s s (Imaginary)
— \”’=R' e e /

Data Data
(e) Ohmic (real) modulation (1) Capacitive modulation

Figure 489 Generation of the modulated backscatter by the modulation of the transponder impedance
Zy (= Rr)

Since Boyer and RFID Handbook teach modulation impedances (Zmod) can
vary to optimize RFID performance, such techniques were well-known in the art.
Ex-1003, 99224-226; Ex. 1023, 120-121 (“The scatter aperture [corresponding to
reflectance] can thus take on any desired value in the range 0 [matched condition] —
4 Ae [short condition].”)

One example of an impedance used in RFID tags is Waldner (Ex. 1006).
Waldner is directed to a passive RFID tag that “includes a main antenna tuned to a
first resonant frequency, and switching circuitry that dynamically changes the
resonant frequency of the main antenna” by “selectively coupl[ing] electrical
elements, such as capacitive elements, inductive elements, or combinations thereof
....” Waldner, Abstract.

Figure 3 shows that switch 46 alternates between two inductive elements 48A
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and 48B. Waldner, 937. “Inductive elements 48A and 48B [green and purple below]
comprise portions of conductive traces fabricated to form additional loops of
antenna 42” or “any component with an inductance, or completely separate

antennas.” Waldner, 938.

Switch (46)

For the combined system for these claims, Boyer’s embodiment in Section I1-
C—in which the modulator impedance Zmod “has two states Z; and Z,”—as further
modified by RFID Handbook such that Z, has a reactive impedance, is further
modified with Waldner’s teaching of circuit elements that can be used as such an
impedance, including “additional loops” of the main antenna or a “completely
separate antenna.” Waldner, Abstract; 438. Waldner’s circuit components are
specifically used for the impedance Z» (since Z; is an open circuit). Boyer, 775; Ex-

1003, 99227-230.
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Boyer, Figure 6 (further modified to show Z; as antenna loops/separate antenna).
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Boyer Figure 2 (left) and Waldner Figure 3 (right) (annotated to show how additional

antenna loops/antenna would have been implemented as Boyer’s 7).

B. Motivation to use Waldner’s impedances

A POSITA would have been motivated to use Waldner’s “additional loops”
of antenna, or entirely “separate antenna,” as the impedance Z, in Boyer.

First, Boyer, RFID Handbook, and Waldner are directed to the same field and
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address similar functionality—switching connections to impedances to change the
antenna reflectance properties in RFID backscatter tags. Waldner, 497 (“... by
changing the resonant frequency at which the RFID tag backscatters radio frequency
energy”); 23 (“backscatters RF energy”). Further, like Boyer and RFID Handbook,
Waldner’s tag includes “switching circuitry that dynamically changes the resonant
frequency of the main antenna . . . [by] selectively coupl[ing] electrical elements,
such as capacitive elements, inductive elements, or combinations thereof, to vary the
resonant frequency of the RFID tag.” Id., Abstract, 448, 10, 23-36, 37, 38-39, 44;
Ex-1003, 9232.

Therefore, a POSITA studying Boyer and the RFID Handbook would look
towards teachings of impedances that can be switchably connected to the antenna to
change its reflectivity (i.e., by changing the resonant frequency), and found Waldner.
At the very least, the combined system was a “simple substitution of one known
element [i.e., Waldner’s switchable impedances comprising antenna loops] for
another [Boyer’s switchable impedance Z:] to obtain predictable results [i.e., a
switchable impedance that connects to an RFID backscatter tag antenna to change
its reflectivity.]” KSR, 550, 415-421; Ex-1003, 4233.

Second, even though Waldner selectively couples/decouples its additional

impedances to tune the antenna frequencies to address interference, a POSITA
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would have recognized that Waldner’s switchable impedances would have been a
suitable implementation in Boyer’s binary backscatter modulator. Specifically, a
POSITA would have recognized that Waldner’s inductance elements 48A and/or
48B, e.g., with additional lengths of antenna, would have resulted in a different
impedance load (Z) and therefore different reflectance (I"2), as taught by Boyer. Ex-
1003, 9234.

The fact that Boyer switches impedances to change the antenna reflectivity
for modulation, whereas Waldner changes the impedances for tuning, would not
have dissuaded a POSITA from utilizing Waldner’s teaching of impedances in
modulation. Boyer switches impedances to change the reflection coefficient of the
antenna. Waldner does the same. A POSITA would have known that any suitable
impedance could have been used in Boyer so long as it changed the reflection
coefficient and enabled continuous power harvesting. An additional loop of antenna,
or a separate antenna, as well as other inductance elements (or capacitive elements
for that matter), would have been suitable for that purpose. Waldner itself teaches
the interchangeability of load impedances to change resonant frequency. Ex-1006,

99 ¢¢

936 (“capacitive element in parallel/series,” “short out a capacitive element,”
“switch in an inductive element in either series or parallel,” “or combinations

thereof, to change the resonant frequency of main antenna.”). Ex-1003, 4235.
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The 968 patent does not provide any explanation as to why using a separate
antenna length was unconventional, or any specific benefits it provides over other
impedances. At the very least, Waldner’s use of dynamically switchable antenna
lengths to change the antenna reflective properties constituted “[k]nown work™ in
the RFID backscatter field that would have prompted variations of it for use in other
aspects of an RFID tag, including as an impedance in a modulator circuit. KSR, 550
U.S. at 415-421. Ex-1003, 9236.

Third, a POSITA would have been motivated to use an additional length of
antenna or separate antenna for the Z, impedance in Boyer because it would have
provided known advantages. For example, it would have increased the amount of
the RF signal that could be received, thereby increasing power harvesting at the
RFID tag. RFID Handbook, 119 (discussing radar cross-section and power density).
Moreover, an additional antenna loop/separate antenna would have been relatively
simple to manufacture on an RFID, since the main antenna components would also
have to be fabricated at the same time. Ex-1003, 9237.

Further, as taught by Waldner, using antenna loops or a separate antenna
would have provided a level fidelity for tuning the impedances to optimize the
performance (as taught by Boyer’s Figure 8) that a capacitive or resistive load alone

may not have provided. Therefore, using Waldner’s switchable antenna loops in
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place of Boyer’s generic switchable Z; impedance would have constituted “applying
a known technique to a known device ready for improvement to yield predictable
results.” KSR, 550 U.S. at 415-421; Ex-1003, 9238.

A POSITA would also have known that using antenna/antenna loops would
have provided the benefit of changing both the real and imaginary components of
the antenna reflectance, since they typically comprise both an inductance and
resistance as shown by their equivalent circuits. Ex-1023, 119 (Figure 4.65). Boyer
teaches that “switching between symbols [corresponding to impedances] by
changing only the real component of 1 tends to be less efficient in terms of power
harvesting than changing the imaginary component of 1.” Ex-1005, 774. Therefore,
using an antenna or antenna loop is an efficient means by which additional design
freedom is provided—i.e., the ability to vary both resistance and reactance of the
antenna. Ex-1003, 99239-240.

Finally, a POSITA would have found it obvious to try implementing an
additional loop of antenna (or a sperate antenna) as taught by Waldner as the
switchable Z; impedance in Boyer. There are only a finite number of ways to achieve
these different results, and one way is conductive traces that form antennas. Ex-

1003, 9241.
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C. Using separate antenna lengths as the modulation impedance
(Zimoa) does not affect the reflection property claim terms

The claims recite various reflectance properties “of” or “by” the “main
antenna.” Although the analysis for Ground 1 used as an example a capacitor (Cimod)
as the modulation impedance, the analysis is the same if a length of antenna is
connected/disconnected to the antenna (as taught in Waldner) to modulate the
signal.!?

In the combined system for Ground 2, Z> is Waldner’s separate length of
antenna. The equations analyzing the reflective properties “of/by the antenna™ are
all agnostic as to the specifics of the impedance used—including where or how it is
connected to the antenna—as are Boyer’s and Dobkin’s teachings of power
harvesting throughout the backscatter communication. Ex-1003, 99242-243.

As to terms 1) “reflection coefficient” [11B.1]/[1D]/[6B]; 2) “amount of
reflectance” [11B]/[1D]/[6B]; and 3) “reflectance” [11C.1]/[1D]/[6C], those values
are all provided by the reflection coefficient equation (or at the very least are

proportional to it):

3" A POSTIA would have understood an antenna length will have a reactive

impedance (inductance) and perhaps a resistive component. Ex-1003, 99242.
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Changing Z, (Z;) based on any impedance (inductor, capacitor, complex) changes |I'|

Zp—2 — b ]
r = Z;,—Z_'_: pi_(zi_za )‘H(Zi_za )
Boyer ‘068 patent

Thus, since Zmod = Z2 has an inductive value (or is complex), the reflection
coefficient [I2| will be different than |I"j| (which remains 0 for the matched condition
in Boyer), since |I 2| is between 0 and 1 (i.e., no short circuit).

Similarly, for “resonant frequency” [11C.3]/[1G]/[6C], that value is provided
by the equation below, which changes regardless of whether Z, is a capacitive,
inductive, or complex impedance (e.g., Waldner’s antenna lengths), as any reactive

load will change the L or C values. This will in turn change the reflection properties:

1
2nVLC

f;"es =

The remaining analysis is equally applicable since none of claims 11-12, 16-
20 (or as shown below, claims 6-10) have limitations that depend on the type of
reactive modulation impedance used nor the location of the switch that modulates

the signal (so long as it connects to the antenna). Ex-1003, 49242-247.
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D. Claim 13 was obvious

Claim 13 further requires “the circuit adds a separate length of antenna to the
main antenna during the first reflectance period.”

In the combined system, impedance Z> comprises Waldner’s “additional loops
of antenna 42 or “completely separate antennas,” either of which is a “separate
length of antenna.” Waldner, 438. Thus, as explained for claim 16, the circuit
(Boyer’s IC with microcontroller) controls the switch between impedances Z; and
7> to add the “separate lengths of antennas” (as taught by Waldner). When 7> is

connected, that is the first (high) reflectance period. Ex-1003, 49248-249.

R, R,
VAVAY A/
Voc |Z,,md =Z;=o0 Vo R *me, =Z,, where
fag é

@ ngé @ 0<22<°'°
|

Modulator State 1 (low reflectance period)
Z1 isan open circuit

Modulator State 2 (high reflectance period)
Z, comprises additional antenna loopsor a
separate antenna

Boyer, Figure 6 (further modified to show Z, as antenna loops/separate antenna).

E. Claim 14 was obvious

The combined system discloses “a switch that adds the separate length of
antenna by connecting the separate length of antenna to the main antenna during
the first reflectance period” [14A].

As discussed above for claim 16, Boyer discloses a switch (i.e., the switch
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shown in Figure 2 in blue below) that is “controlled by the circuit that connects an
RF impedance to the main antenna during the first reflectance period’ (i.e., the
switch is controlled by the IC via microcontroller and “switches the backscatter

modulator between two impedance states Z; and Z,”).

Reader CW Reader
Transmitter Receiver

® Y Exeat ?

YV
el PR SNy

e
Micro—
Controller
i ZJ Z‘-
Sensors

Boyer, Figure 2.

Moreover, as explained for claim 13, in the combined system, the impedance
Z> (shown in green above) comprises either additional loops of antenna or a separate
antenna (either of which would comprise a “separate length of antenna”) as taught
by Waldner, and the switch connects Z> to the main antenna during the first

reflectance period—i.e., during the high period of the backscatter modulation. Ex-
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1003, 99250-252.

The combined system also discloses “the switch being located on a first
portion of the main antenna and the circuit being located on a second portion of the
main antenna, wherein the first portion of the main antenna is different than the
second portion of the main antenna” [14B]."

First, Boyer discloses that its IC includes additional components—such as
power harvester (“rectifier”), sensors, and demodulator—that are connected to the
antenna in different locations (and hence different “portions”) than the switch (which

is controlled by the microcontroller):

Reader CW Reader
Transmitter Receiver

Second portion of antenna
= (where other IC
components are located)

z A I~ Firstportion of antenna
! N (where switch is located)

Sensors

Boyer, 770.

14 Petitioner reserves the right to argue that this claim limitation is indefinite because

the term “located on” is ambiguous.
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Indeed, a POSITA would have understood that Boyer’s rectifier circuit (i.e.,
part of the power harvester) would have a separate connection to the antenna because
it needs to operate in both the active and idle state for the RFID to harvest power. At
the very least it would have been obvious based on the teachings in Boyer’s Figure
2.1d.,770; Ex-1003, q9253-254.

Second, Waldner expressly teaches how to implement its variable load
impedances comprising additional loops of antenna/separate antenna in Figure 3,
reproduced below. As shown, Waldner’s IC 16 (yellow) is connected to a second
portion of the antenna, and the switch (blue) that connects additional loops (Z»,

green) is connected to a first portion of the antenna.

First portion of antenna
(where switch is located)

Second portion of antenna
(where other IC /
components are located)
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Waldner Figure 3.

For the same reasons explained above for why a POSITA would have been
motivated to implement Waldner’s antenna impedances into Boyer’s modulator (Z>)
impedances, a POSITA would have been equally motivated to implement those
impedance in the same way taught by Waldner. Ex-1003, 99255-256. Indeed,
depending on the length of the separate antenna, a POSITA would have found
Waldner’s layout an efficient means of utilizing the substrate space available. And
a POSITA would have known that the IC would still be capable of controlling the
switch to modulate the signal.

In the alternative, it would have been obvious in the combined system of
Boyer in view of Waldner to connect the IC and switch to different portions of the
main antenna. First, it would have been a simple design choice since 1) the IC in
Boyer’s RFID passive tag must be connected to the antenna somewhere so that it
can harvest power and demodulate the incoming signal. Second, it would have been
obvious to try since there are only two options: connect at the same or to different

portions of the main antenna. KSR, 550 U.S. at 415-421. Ex-1003, 9257.

F. Claim 15 was obvious

The combined RFID tag renders obvious “the main antenna includes a first
antenna for receiving the RF signal, and a second antenna for receiving power, and

the second antenna continues to absorb a portion of the RF signal during the first
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reflectance period and the second reflectance period to generate a low reflectance
to enable wireless power harvesting during both the first reflectance period and the
second reflectance period” in at least two ways.

1. Main Antenna Interpretation

First, the main antenna and Waldner’s additional length of antenna (or
separate antenna) for Z, represent the first and second antennas.

The “second antenna” is the portion of the main antenna corresponding to the
impedance (Ra, shown in blue below) in the combined system that remains

connected to the chip in both the second (low) and first (high) reflectance periods.

ny R, First Antenna
—Nv——l —AAN— ]
l’bC R Zumd = Z]_ = o9 VOC R Zmod = 22! where
tag g tag é 0<Z,< o0
Modulator State 1 (low reflectance period) Modulator State 2 (high reflectance period)
Z, is an open circuit Z, comprises a separate antenna

The “second antenna” in the combined system is shown in Figure 3 of

Waldner (blue):
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I

I

| I

First Antenna :
1

| e

SecondAntenna/ l_ __________‘%___“_"_"__j

As explained for claim [11C], Boyer harvests power in both the sig/h and low
periods of the backscatter signal, and this portion of the tag antenna continues to
receive the reader RF signal (whether or not connected to 7). Ex-1003, 99259-262.

The “first antenna” of the “main antenna” is at least Waldner’s separate
antenna providing the modulation impedance Z», shown in green above. That
separate antenna, Z», “receiv/es] the RF signal” at least when connected to the main
antenna during the first (high) reflectance period, and reflects a portion of the RF

signal back while absorbing the remaining portion of RF signal for harvesting.
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R First Antenna

VbC mod| = Zz’ where

@ ngé 0<Z,< o0

Modulator State 2 (high reflectance period)
Z, comprises a separate antenna

Ex-1003, 99263.

2. Sensor Alternative

In the alternative, Boyer’s “sensors” in Figure 2 are modified to include the
“sensing” antenna in Waldner. Ex. 1006, Abstract (“The RFID tag may include a
sensing circuit that determines when to selectively couple the electrical element to
the main antenna to adjust the resonant frequency of the main antenna”); Figure 1

(element 20).

Tkl )
First AntennalS= ﬂ R

Boyer, Figure 2 (modified to show Z1 is an open circuit; labels for antennas)
Such a modification to Boyer would have been obvious because Boyer is
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agnostic about the sensors that may be included. A POSITA would therefore have
included any useful and well-known sensors, including Waldner’s sensing antenna,
which can be used to determine if there is interference, enable the tag to make any
necessary adjustments to RF signals in its environment, or find a different frequency
to use (if multiple frequencies are in use). Ex-1006, 9 25 (“sensing antenna 20 may
be viewed as determining or sensing whether there is tag-to-tag coupling.”) In
addition to using the sensing antenna to potentially tune the antenna as Waldner
teaches, a POSTIA would have known that it could be used for other purposes, such
as to detect movement relative to the reader or measure signal strength. This would
have constituted use of a known technique to improve similar devices in the same
way and/or applying a known technique to a known device ready for improvement
to yield predictable results. KSR, 550 U.S. at 415-421; Ex-1003, 99264-265.

The “first antenna” is “for receiving the RF signal.” Waldner explains that
“sensing antenna 20 may be tuned to the operating frequency of the RFID system.”
Ex. 1006, 9 25

The “second antenna” is the combination of the main antenna and the
modulation impedance (Z»,), which combined both receive the reader signal and
harvest power in both states (i.e., when Z> is connected and disconnected). See claim

[11C.1]-[11C.3]; Ex-1003, 19266-267.
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G. Claim 1 was obvious
Claim 1 includes limitations that are substantively the same as claims 11, 13,
and 14. Ex-1003, 9268. The same support and arguments set forth above apply to
each of these claim limitations. The section below will address any differences in
the claims."
1. Limitation [1P]
For limitation [1P], the analysis for limitation [11P] applies.
1. Limitation [1A]
For limitation [1A], the analysis for limitation [11A] applies.
2. Limitation [1B]
For limitation [ 1B], the analysis for claim 14 applies. Ex-1003, 4271.
3. Limitation [1C]

For limitation [1C], the analysis for claim 14 applies, where a circuit that is

“located on” a portion of the main antenna is also “connected to” that portion.

15 See Appendix 1 for a listing of claims providing the identifiers for the

corresponding claim language.
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L]

First portion of antenna H
(where switch is connected) |
L)

Second portion of antenna/
(where other IC
components are connected)

\
o
FIG. 3

Waldner, Figure 3 (annotated)

Separately, the analysis for claim 15 applies, where the combined system has
a main antenna with a “firs#” and “second” antenna, including for example,
Waldner’s sensory antenna as one of Boyer’s “sensors.” A POSITA would have
understood that the IC would have had a separate connection to the sensory antenna

(as well as any other sensors as shown in Figure 2).

74



Petition for Inter Partes Review of
U.S. Patent No. 10,452,968

First Antenna

Boyer, Figure 2 (modified to show Z1 is an open circuit); Ex-1003, 99272-274.

4.

Limitation [1D]

For limitation [1D], the analyses of limitation [11B.1]-[11B.2], [11C.1]-

[11C.2], and claim 17 apply, where 1) the second reflectance period— when Z; (an

open circuit) is connected—is the low reflectance period because it is the “matched”

condition and |I'1| = 0, and 2) the first reflectance period—when Z,, which has an

impedance between an open and short circuit, is connected—is the high reflectance

period because that is when |I2] is greater than 0 but less than 1. Ex-1003 99275-

279.

R,

Voc

S

VAYAY

R.fag é

|Zm()d = Z]_ S

Modulator State 1 (low reflectance period)
Z1 is an opencircuit

R,

Voc

&

VAYAY:
R

Z mod
tag 2

=Z,, where
0<Z,<0e

Modulator State 2 (high reflectance period)
Z, comprises additional antenna loopsor a
separate antenna

Boyer, Figure 6 (modified to show Z> as antenna loops/separate antenna)
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5. Limitation [1E]

For limitation [1E], the analysis for claim 16 (Boyer’s “switch controlled by
the circuit...”), as well as limitation [1B] and claim 13 (adding “separate length of
antenna”) apply.

The switching that connects Z, (Waldner’s length of antenna) to the main
antenna is “intermittent” at least because the switch (controlled by the IC) connects
and disconnects Z, to modulate the signal—i.e., to create the first (high) and second
(low) reflectance periods—in accordance with the data and modulating schemes,
neither of which will be regular nor continuous. Ex-1003 99280-282.

6. Limitation [1F]

For limitation [1F], the analysis for limitation [11C.3] and claims 12, 13, and
16 apply.

7. Limitation [1G]

For limitation [1G], this limitation is substantively identical to claim
limitation [11C] addressed above, where the “first reflectance period” is the “high
reflectance period”—i.e., the period when the switch connects the impedance Z»,

and the main antenna has reflectance I2. Ex-1003 9286.

H. Claim 2 was obvious
For claim 2, the analysis for limitation [1D] and claim 17 applies. Although

claim 17 did not specify the “predetermined amount,” Boyer discloses that Z»
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(connected in the high reflectance period) can have a reflectance magnitude |17
anywhere between 0 and 1, which a POSITA would have understood includes values
equal to or greater than .5. Since I'1 (when Z; is connected during the low reflectance
period) is 0, it will be lower than any “predetermined amount” in that range. And as
explained for limitation [11C.1], the fact that the impedance is reactive (here
inductive rather than capacitive) does not change the analysis because it will still

have a non-zero magnitude.

—d=12m, F‘C = 10microW
600 —d=35m, PC = TmicroW
——d=22m, F‘C = 10microW
— — d=60m, P = tmicroW
500
% 400
g
X
H
300
B
o
(6]
200 o —
’d —_—_—
///
—
-
-~
0o 4 e
/ e
J/ ~
[,=0 e ‘ .
(below a “predetermined amount”) 01 o1 0z 08 04 ‘#f | 0e or 08 08 ]1
1 T
) vt - bove “predetermir mount
“predetermined amount” for reflection F

coefficientis .5

Boyer, 776; Ex-1003, 9287.

1. Claim 3 was obvious

For claim 3, the analysis for limitations [11C.1] and [11C.2] applies. Boyer
also discloses or at least renders obvious this limitation since |I2| can be varied

between 0 and 1. Therefore, as shown in Figure 8, there are instances when |I7| is
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below .5:1°

—d=12m, PC = 10microW
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— — d=22m, F‘C = 10microW
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= 1microW
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0 0.1 0.2 03 0.4 05 0.6 0 08 0.9 1
[T, 51
1.2
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I, below “predefined amount” of .5 “predefined amount” for reflection

coefficientis .5

Boyer, 776; Ex-1003 9288.

J. Claim 4 was obvious
For claim 4, the anlaysis for claim 19 applies.
K. Claim 5 was obvious

For claim 5, the anlaysis for claim 20 applies.

L. Claims 11-12, 16-20 were obvious

Although as shown above in Section VI, claims 11-12 and 16-20 are rendered

obvious over Boyer in view of RF Handbook alone, to the extent Patent Owner

16 As explained above, in this embodiment, [T | is equal to T3]
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argues that these claims require that a separate length of antenna must be used to
vary the “reflection coefficient” [11B.1]/[1D]/[6B]; 2) “amount of reflectance”
[11B])/[1D])/[6B]; 3) “reflectance” [11C.1]/[1D]/[6C], and/or 4) “resonant
frequency” [11C.3]/[1G]/[6C] “of/by the “main antenna,” then those claims would
have been obvious in the combined system (Boyer in view of RFI Handbook, in
further view of Waldner) as described above for Claims 1-5 and 13-15. As explained
above in Section VII.A-VIIL.C, Z, is Waldner’s separate antenna or separate length
of antenna, and the analysis of these reflection properties is the same regardless of
the reactive (or complex) value of the impedance.

VIII. GROUND 3: Claims 6-10 are obvious over the Boyer in view of RFID

Handbook in further view of Kapucu.

A. Limitations [6P]-[6C] and claim 7 are substantially similar to
prior analysis.

As shown in the chart below, limitations [6P]-[6C] and claim 7 are
substantially the same as claims 2, 3, 11, and 17 with only minor differences
highlighted and discussed below. Therefore, Petitioner incorporates and applies the

analysis of those prior limitations for these claims.
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. 17 Claim Limitations Analysis

Claims 6 and 7 Incorporated by Reference
[6P] 11[pre]; 1[pre]
[6A] 11[A])/1[pre]
[6B] 11[B]/[1D]

Claim 17

[6C] 11[C]/[1G]
[6D] See below
Claim 7 Claim 2

For limitations [6B]-[6C], the limitations recite “high” and “low” rather than
“first” and “second” reflectance periods. However, the second reflectance period,
when Z; (an open circuit) is connected, is the low reflectance period because it is
the “matched” condition and I'; is 0, and the first reflectance period, when Zo (which
has an impedance befween an open and short circuit) is connected, is the /igh
reflectance period because I> is greater than (. See limitations [11C.1]-

[11C.3]/[1G]; Ex-1003, 9292.

7 See Appendix 1 for a listing of claims providing the identifiers for the

corresponding claim language.
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R, R,

A% A

I/OC | and = 21 =0 VOC R *Z”md = ZZr where
tag é

@ ngé @ 0<22<°'°

Modulator State 1 (low reflectance period)
Z1 is an open circuit

Modulator State 2 (high reflectance period)
Z, comprises additional antenna loopsor a
separate antenna

Boyer, Figure 6 (further modified to show Z; as antenna loops/separate antenna).

Limitation [6C] recites “during the high reflectance period.” However, the
analysis in [11C.1]-[11C.3] applies since the “reflectance” |I’2| is the antenna
reflection coefficient (or proportional to it) throughout (“during”) the first (high)
reflectance period.

In addition, the combination of [6B] and [6C] requires || greater than a
“predetermined amount” but below a “predefined amount,” and |I'1| to be below the
“predetermined amount.” As explained above, a POSITA would have chosen any
suitable value of I for their system, which a POSITA would have met the
“predefined’ and “predetermined” limitations, such as the following example where

the “predetermined amount” is .1 and the “predefined amount” is .9:
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above “predetermined amount” (.1)

Ex-1003, 9294.

Finally, for claim 7, the “predetermined amount” is a reflection coefficient
magnitude of between “0.25 and 1.” Claim 2 required an amount “between 0 and
.5.” However, the same analysis applies since Boyer in view of RFID Handbook
discloses |I2| can have a value between 0 and 1. Moreover, the ranges between
claims 2 and 7 overlap between .25 and .5. Ex-1003, 295.

B. Limitation [6D] and claim 8 (Duty Cycle)

Limitation [6D] recites “wherein the circuit increases a duty cycle of the low
reflectance periods and decreases a duty cycle of the high reflectance periods to
increase a time period of wireless power transmission.” Claim 8 further recites

“wherein the circuit increases the duty cycle of the low reflectance periods to greater
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than 50%.” As explained below, these claims are obvious over Boyer in view of
RFID Handbook in further view of Kapucu.

1. The combined system

While Boyer does not expressly discuss the duty cycles of the high and low
reflectance periods in the binary modulator, Kapucu discloses a “passive UHF RFID
tags that use pulse-width modulation (PWM) in backscattering communication.” Ex-
1009, 1 (Abstract). It would have been obvious to modify Boyer to include this
feature.

Kapucu describes RFID tags that have a “phase-locked loop (PLL) based
sensor interface” to work “with capacitive sensors to reduce the power consumption
of the tags.” Id. The “output of the sensor interface is a pulse train whose duty cycle
is proportional to the variation in the sensor capacitance value” and the “pulse train
signal controls the backscattering switches that short the antenna terminals.” Id.
“This way the sensor value information is pulse-width modulated and sent to the
base station (reader) by backscattering.” /d. Kapucu shows an example of a pulse-
train that has an “arbitrary duty-cycle,” but that still shows that the high reflectance

period is shorter than the low reflectance period. /d. at 2.
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Low reflectance period High reflectance period

e

(|
L

Fig. 1. The pulse-train, i.e., a square wave with an arbitrary duty-cycle
d=Fk/T, period T, and amplitude A.

Kapucu further teaches how the PWM RFID tag operates using a model of the
behavior. “The PWM signal from the waveform generator”—which models the
signals received from capacitor sensors—“controls the RF switch, which changes
the load seen by the cable between short circuit and the impedance Z..” Id. at 4. This
concept is illustrated in the model circuit shown in Figure 4, with a binary

modulation switch (green) just as in Boyer:

Z
(low reflectance period)

Attenuator

Z

[
Short PWM

(high reflectance period) signal

Fig. 4. The circuit that is used in measurements to model the path loss and
the backscattering from the tag.

In the modified system, Kapucu’s capacitive sensors are used as Boyer’s
“sensors” (shown in yellow in Figure 2 below), and Kapucu’s PLL interface is used

along with the microcontroller (grey) to control the binary modulator switch (green)
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between impedances (Z; and Z>) based on the pulse train (PWM, orange) to create

the PWM backscattered signals, as taught by Kapucu.

Power
Harvester

Reader CW Reader
Transmuitter Recerver
Eﬁcﬂl T
& 1\:5/ @

Micro—
Controller

Kapucu [}
PLL Capacitive Sensor v

Sensors

Fig. 2.

System level diagram of an RFID tag with two modulator states.

RFID Tag

Einc represents the incident E-field generated by the reader’s CW at the
tags antenna. Esey represents the backscatter E-field propagating back to
the reader’s receiver. To modulate éicm. the on-tag microcontroller logic
switches the backscatter modulator between two impedance states Z; and Z5.
Additionally, the microcontroller processes any sensory data. The demodulator
(demod.) block decodes the reader to tag communication. The power harvester
captures part of the energy in the incident RF &, for use by the tag.

Ex-1003, 9297-300.

2.

Motivation to use Kapucu’s PWM

A POSITA would have been motivated to modify Boyer’s RFID tag having a

reactive impedance (Cmod) as taught RFID Handbook with Kapucu’s teachings of

PWM of the backscatter communications—including its PLL-based capacitive

sensor interface—at least for use with capacitive sensors.

First, Kapucu motivates the combination by explaining the benefits of

integrating PLL sensors into RFID tags like Boyer. Kapucu explains that

“integration of sensors with passive UHF RFID tags extends the application of RFID
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technology ....” Kapucu, 1. Thus, modifying Boyer’s RFID tag would have enabled
it to operate in these fields and have wider applicability, including with different
types of sensors. Ex-1003, 44301-302.

In addition, Kapucu explains that “phase-locked loop (PLL) based sensor
interfaces can be used in RFID tags with capacitive sensors to reduce the power
consumption of the tags.” Kapucu, 1. Boyer teaches that power was a limiting factor
in RFID performance. Thus, a POSITA would have been motivated to include
additional techniques that would have reduced power consumption to further
improve the RFID performance. Ex-1003, 4303.

Second, Boyer is already capable of, and configured to, work with Kapucu’s
components and teachings. For example, Boyer includes “sensors,” a
microcontroller to process sensor data, and a “switch” used to modulate the
backscattered signal. And like Kapucu, Boyer’s RFID backscattering is achieved by
varying the load impedance on the antenna. Thus, this modification would have
resulted in an RFID tag that would function in the same way, although improved
with Kapucu’s lower power and PLL sensors, and would therefore have constituted
use of a known technique to improve similar devices in the same way and/or
applying a known technique to a known device ready for improvement to yield

predictable results. KSR, 550 U.S., 415-421; Ex-1003, 9304.
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3. Claims 6 and 8 were obvious.

Limitation [6D] requires “wherein the circuit increases a duty cycle of the low
reflectance periods and decreases a duty cycle of the high reflectance periods to
increase a time period of wireless power transmission.” Claim 8 requires “the duty
cycle of the low reflectance periods to greater than 50%.”

In the combined system, the duty cycle for the high and low reflectance
periods are varied based on the sensor data as taught by Kapucu. Specifically, “the
output of the sensor interface is a pulse train whose duty cycle is proportional to the
variation in the sensor capacitance value.” Id. “The pulse train signal controls the
backscattering switches that short the antenna terminals. This way the sensor value
information is pulse-width modulated and sent to the base station (reader) by
backscattering.” Id.'®

Kapucu shows that the duty cycle of the high reflectance period is decreased,

resulting in a duty cycle of greater than 50% for the low reflectance period:

18 Although Kapucu shorts the antenna, as explained above, Boyer and the general
knowledge in the field (Ex-1021, 214-218) would have motivated a POSITA to use

modulating impedance Z: (e.g., capacitor Cmod).
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Low reflectance period High reflectance period
k /
I —
1 H H
t=0 T
Fig. 1. The pulse-train, i.e., a square wave with an arbitrary duty-cycle
d = k/T, period T, and amplitude A.

Kapucu further discloses how the PWM varies the duty cycle: “The duty-cycle
of the PWM signal controlling the RF switch is swept from 20% to 80% . ... Id.,
4. Figure 6 shows an example of the “voltage waveforms recorded during the
measurements for a 100 kHz PWM signal with 35% duty cycle.” 1d. A POSITA
would have therefore understood that the duty cycle could be any value within the

modeled range—i.e., between 20% and 80%--and that 35% is an example.

45 0.25
+ L-- ey L-v- La-- Fu- 0.20 E
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g 25 s
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5 005 g
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Fig. 6. The measured voltage waveforms at the output of the log-amp (red)
and at the output of the comparator (blue) for a 100 kHz PWM signal
with 35% duty-cycle. The 50mVj,_p signal at the output of the logarithmic
amplifier is amplified to a rail-to-rail signal by the comparator.

Ex-1003, 19305-308.

Moreover, to the extent Patent Owner argues that that duty cycle must be
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increased “fo increase a time period of wireless power transmission”—i.e., that this
limitation is more than an intended use or outcome—that is disclosed in the
combined system. Boyer teaches the low reflectance period (matched state)
harvests more power than the high reflectance period and hence a system in which
the duty cycle of the low reflectance period is longer increases power harvesting and
hence the time of “power transmission.” See limitation [11C.2]; Ex-1003, 99309-
310.

C. Claim 9 was obvious

See claim 19 above.

D. Claim 10 was obvious

See claim 20 above.

IX. GROUND 4: Claims 6-10 are obvious over Boyer in view of RFID

Handbook, Kapucu, and Waldner under 35 U.S.C. §103.

Although as shown above in Section VIII, claims 6-10 are rendered obvious
over Boyer in view of RF Handbook and Kapucu, to the extent Patent Owner argues
that these claims require that a separate antenna or separate length of antenna must
be used to vary the “reflection coefficient” [11B.1]/[1D]/[6B]; 2) “amount of
reflectance” [11B]/[1D]/[6B]; 3) “reflectance” [11C.1]/[1D]/[6C], and 4) “resonant

frequency” [11C.3]/[1G]/[6C] of/by the “main antenna,” then those claims would
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have been obvious in the combined system (Boyer in view of RFI Handbook and
Kapucu, in further view of Waldner). As explained above in Section VII.A — VII.C,
Z> is Waldner’s separate length of antenna, and the analysis of these reflectance
properties is the same regardless of the reactive (or complex) value of the impedance.
Ex-1003, §313.

X.  The Board Should Not Exercise Discretion to Deny Institution

A.  Fintiv Favors Institution

Patent Owner asserts the 968 patent against Petitioner TransCore. Hand Held
Products, Inc. v. TransCore, LP, 1-23-cv-00686 (DDE).

Factor 1 (neutral): a stay is neither requested nor granted.

Factors 2-4 (against): there is no scheduling order and no trial date set. The
parties have not engaged in discovery, served contentions, or claim construction.
Until a pending motion is resolved, no schedule will be entered. Moreover, only
claim 11 is asserted in the related litigation, whereas Petitioner challenges all claims.

Factor 5 (slightly for): Petitioner is the defendant in the related litigation.

Factor 6 (against): Petitioner presents strong grounds for invalidity.

B. The Becton, Dickinson Factors Favor Institution

None of the references relied on were previously applied, nor are they

cumulative to those used during prosecution.
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XI. CONCLUSION
Petitioner requests the Board institute inter partes review and cancel each

challenged claim.

Respectfully submitted,
KING & SPALDING LLP

By:/s/ Dara M. Kurlancheek
Dara M. Kurlancheek, Reg. No. 69,815
Zachary Coots, pro hac vice to be
submitted

Counsel for Petitioner
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Real Parties-in-Interest Under 37 C.F.R. § 42.8(b)(1)

The real parties-in-interest are TransCore, LP and TransCore Holdings, Inc.

B.

Related Matters Under 37 C.F.R. § 42.8(b)(2)

To the best of Petitioners’ knowledge, the 968 patent is, or has been, involved

in one district court litigation: Hand Held Products, Inc. v. TransCore, LP, 1-23-cv-

00686 (DDE).

C.

Lead and Back-Up Counsel Under 37 C.F.R. § 42.8(b)(3)

Lead Counsel

Back-up Counsel

Dara M. Kurlancheek, Reg. No. 69,815
KING & SPALDING LLP

1700 Pennsylvania Avenue NW

Suite 900

Washington, D.C. 20006
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Zachary Coots (pro hac vice to be
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KING & SPALDING LLP
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Suite 900

Washington, D.C. 20006

(202) 394-4483
zcoots(@kslaw.com

D.

Service Information Under 37 C.F.R. § 42.8(b)(4)

Please address all correspondence to counsel at the addresses above.

Petitioners consent to service by email at the above email addresses.
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CERTIFICATION OF WORD COUNT
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Petition for Inter Partes Review, excluding any table of contents, mandatory
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KING & SPALDING LLP
1700 Pennsylvania Avenue NW
Suite 200

Washington, D.C. 20006
(202) 626-5590

Counsel for Petitioner
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Listing of Independent Claims

[1P] A radio-frequency identification (RFID) tag comprising:

[1A] a main antenna that receives a radio-frequency (RF) signal from an
RFID reader and wirelessly harvests power from the RF signal;

[1B] a switch connected to a first portion of the main antenna and a

separate length of antenna; and

[1C] a circuit connected to a second portion of the main antenna, wherein
the second portion of the main antenna is different than the first
portion of the main antenna, the circuit being configured to:

[1D] vary a reflection coefficient of the main antenna to transmit a
reflected signal to the RFID reader, the reflected signal having high
reflectance periods when an amount of reflectance by the main
antenna of the RF signal is greater than a predetermined amount, and
low reflectance periods when an amount of reflectance by the main
antenna of the RF signal is lower than the predetermined amount;

[1E] control the switch to intermittently connect the separate length of
antenna to the main antenna;

[1F] change a resonant frequency of the main antenna, based on the
controlled switching, to generate a high reflectance period and a low

reflectance period; and

[1G] reduce a reflectance of the main antenna below a predefined amount
during the high reflectance period without shorting the main antenna
to enable the main antenna for continuous wireless power harvesting
while transmitting the reflected signal to the RFID reader, wherein
the reflectance of the main antenna during the high reflectance
period is reduced based on the change in the resonant frequency of

the main antenna.
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2. The RFID tag of claim 1, wherein the predetermined amount is a reflection
coefficient magnitude of between 0 and 0.5.

3. The RFID tag of claim 1, wherein the predefined amount is a reflection
coefficient magnitude of 0.5.

4. The RFID tag of claim 1, wherein the circuit is an application-specific
integrated circuit (ASIC).

5. The RFID tag of claim 1, wherein the main antenna is a linearly polarized

antenna.
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[1P]

A radio-frequency identification (RFID) tag comprising:

[1A]

a main antenna that receives a radio-frequency (RF) signal from an

RFID reader and wirelessly harvests power from the RF signal; and

[1B]

a circuit that is configured to vary a reflection coefficient of the main
antenna to transmit a reflected signal to the RFID reader, the
reflected signal having a high reflectance period when an amount of
reflectance by the main antenna of the RF signal is greater than a
predetermined amount, and a low reflectance period when an amount
of reflectance by the main antenna of the RF signal is lower than the

predetermined amount,

[1C]

wherein a reflectance of the main antenna is reduced below a
predefined amount during the high reflectance period without
shorting the main antenna to enable the main antenna for continuous
wireless power harvesting while transmitting the reflected signal to
the RFID reader, wherein the reflectance of the main antenna during
the high reflectance period is reduced based on a change in a resonant

frequency of the main antenna,

[1D]

wherein the circuit increases a duty cycle of the low reflectance
periods and decreases a duty cycle of the high reflectance periods to

increase a time period of wireless power transmission.

7. The RFID tag of claim 6, wherein the predetermined amount is a reflection

coefficient magnitude of between 0 and 1.
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8. The RFID tag of claim 6, wherein the circuit increases the duty cycle of the

low reflectance periods to greater than 50%.

9. The RFID tag of claim 6, wherein the circuit is an application-specific

integrated circuit (ASIC).

10. The RFID tag of claim 6, wherein the main antenna is a linearly polarized

antenna.
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[1P]

A radio-frequency identification (RFID) tag comprising:

[1A]

a main antenna that receives a radio-frequency (RF) signal from an

RFID reader and wirelessly harvests power from the RF signal; and

[1B.1]

a circuit that is configured to vary a reflection coefficient of the main

antenna to transmit a reflected signal to the RFID reader,

[1B.2]

the reflected signal having a first reflectance period and a second
reflectance period when an amount of reflectance by the main
antenna of the RF signal is different than during the first reflectance

period,

[1C.1]

wherein a reflectance of the main antenna i1s reduced below a
predefined amount during the first reflectance period without

shorting the main antenna

[1C.2]

to enable the main antenna to continuously harvest power while

transmitting the reflected signal to the RFID reader,

[1C.3]

wherein the reflectance of the main antenna is reduced based on a

change in a resonant frequency of the main antenna.

12. The RFID tag of claim 11, wherein the circuit changes the resonant

frequency of the main antenna to generate the first and second reflectance period.

13. The RFID tag of claim 12, wherein the circuit adds a separate length of

antenna to the main antenna during the first reflectance period.

14. The RFID tag of claim 13, further comprising:
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a switch that adds the separate length of antenna by connecting the separate
length of antenna to the main antenna during the first reflectance period, the switch
being located on a first portion of the main antenna and the circuit being located on
a second portion of the main antenna, wherein the first portion of the main antenna
is different than the second portion of the main antenna.

15. The RFID tag of claim 11, wherein the main antenna includes a first
antenna for receiving the RF signal, and a second antenna for receiving power, and
the second antenna continues to absorb a portion of the RF signal during the first
reflectance period and the second reflectance period to generate a low reflectance to
enable wireless power harvesting during both the first reflectance period and the
second reflectance period.

16. The RFID tag of claim 11, further comprising:

a switch controlled by the circuit that connects an RF impedance to the main
antenna during the first reflectance period.

17. The RFID tag of claim 11, wherein the amount of reflectance by the main
antenna of the RF signal is greater than the predetermined amount during the first
reflectance period, and
the amount of reflectance by the main antenna of the RF signal is lower than the

predetermined amount during the second reflectance period.
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18. The RFID tag of claim 11, wherein the amount of reflectance of the main
antenna of the RF signal during the first reflectance period is of greater magnitude
to the amount of reflectance of the main antenna of the RF signal during the second
reflectance period.

19. The RFID tag of claim 11, wherein the circuit is an application-specific
integrated circuit (ASIC).

20. The RFID tag of claim 11, wherein the main antenna is a linearly polarized

antenna.



