I*I Innovation, Sciences et Innovation, Science and CA 3000311 C 2019/01/08
Développement economique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (11)(21) 3 000 3 1 1
(12 BREVET CANADIEN
CANADIAN PATENT
13) C
(86) Date de depot PCT/PCT Filing Date: 2016/09/30 (51) Cl.Int./Int.Cl. GO6K 719/073 (2006.01),

(87) Date publication PCT/PCT Publication Date: 201/7/04/06

GO6K 19/07 (2006.01)

(45) Date de délivrance/lssue Date: 2019/01/08 (72) Inventeur/Inventor:

(85) Entree phase nationale/National Entry: 2018/03/238

ROESNER, BRUCE, US

(73) Proprietaire/Owner:

(86) N° demande PCT/PCT Application No.: |IB 2016/001486 STAR SYSTEMS INTERNATIONAL, LTD., CN

(87) N° publication PCT/PCT Publication No.: 2017/055917 (74) Agent: SMART & BIGGAR

(30) Priorte/Priority: 2015/10/01 (US62/235,755)

(54) Titre : DISPOSITIF D'’ETIQUETTE DIIDENTIFICATION RADIOFREQUENCE COMMUTABLE
54) Title: SWITCHABLE RADIO-FREQUENCY IDENTIFICATION TAG DEVICE

Un-tuned OFE
Structure State
102 102
Un-tuned Antenna _Un-tuned Antenna
Section 108_ 106 93 / Section

, TTTTTTT o ) f_r'-';':';” — v
/11117111711 e /// /111
1o—""> | /17 / s?ﬁ
Tuneo Yhmaaw / ate
Antenna ’m .
Structurs

(57) Abréegée/Abstract:

A switchable radio-frequency identification tag device. The device Includes a first RFID module positioned on a first plane, at least
one un-tuned antenna section positioned on a second plane, a shorting bar positioned on the second plane; and a sliding
mechanism configured to move between a first position and a second position. The first plane is positioned parallel to the second
plane. The first RFID module is coupled to the at least one un-tuned antenna section to form a tuned RFID tag in the first position.

The first RFI

D module Is coupled to the shorting bar in the second position.

50 rue Victoria e Place du Portage1l e Gatineau, (Québec) K1AOC9 e www.opic.ic.gc.ca i+

50 Victoria Street e Place du Portage 1 ¢ Gatineau, Quebec K1AO0C9 e www.cipo.ic.gc.ca C anada



wO 2017/055917 A1 | ] TV 0 00000 A OA 00RO

CA 03000311 2018-03-28

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Burecau

WIPOIPCT

(43) International Publication Date
6 April 2017 (06.04.2017)

(10) International Publication Number

WO 2017/055917 Al

(51) International Patent Classification:
GO6K 19/073 (2006.01) GO6K 19/07 (2006.01)

(21) International Application Number:

PCT/IB2016/001486

(22) International Filing Date:

30 September 2016 (30.09.2016)
English
English

(25)

(26)
(30)

Filing Language:
Publication Language:

Priority Data:

62/235,755 1 October 2015 (01.10.2015) R

Applicant: STAR SYSTEMS INTERNATIONAL,
LTD. [CN/CN]; Unit 04, 12/f Vanta Industrial Centre, 21-
33 Tai Lin Pai Road, Kwai Chung, N.t. Hong Kong, Hong
Kong (CN).

Inventor: ROESNER, Bruce; 197 Camelot Drive, Banner
Elk, NC 28604 (US).

Agent: LEE AND LI - LEAVEN IPR AGENCY LTD.;
Unit 2202, Tower A, Beiing Marriott Center, No. 7, Jian
Guo Men South Avenue, Beljing 100005 (CN).

(71)

(72)

(74)

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™M,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
W,

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: SWITCHABLE RADIO-FREQUENCY IDENTIFICATION TAG DEVICE

108 RFID Chip

(57) Abstract: A switchable radio-fre-

quency 1dentification tag device. The
device includes a first RFID module po-

100

/

142~y sitioned on a first plane, at least one un-
Un-tuned / OFE tuned antenna section positioned on a
Structure e State second plane, a shorting bar positioned
¢l L L on the second plane; and a sliding mech-

102 ; <03 anism configured to move between a

Un-tuned Antenna

first position and a second position. The

Section | Section first plane 1s positioned parallel to the
7777777777 e \ e TT 7777 T second plane. The first RFID module 1s
/] ZZZZX VR AW /f///jf P
110—"> /] | /) ON coupled to the at least one un-tuned an-
Tuned ‘/ﬁ;}r/f,f/[[[// 7 1 / &7//7 If;r;r/f/f State tenna S@CthIl {0 fOI’m a tuned RFI]:) tag
Antenna L, LLlilld in the first position. The first RFID mod-
BT ule is coupled to the shorting bar in the
second position.
ON
fo g £ 7 & r F J 5 J J f J 5 ;¢ 4 JE State

==
Ohmic or capacitive coupiin;* 109

Antenna
Section

hetween antenna and moduis

FIG. 1B



CA 03000311 2018-03-28

WO 2017/05591°7 A1 |00 R B0

Published: —  before the expiration of the time limit for amending the

—  with international search report (Art. 21(3)) claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



10

15

20

25

caA 03000311 2018~03-28

84223673

1

SWITCHABLE RADIO-FREQUENCY IDENTIFICATION TAG DEVICE

FIELD OF THE INVENTION

[0001] Embodiments of the present invention relate to the field of radio-frequency

identification.
BACKGROUND OF THE INVENTION

[0002] Radio-frequency identification (RFID) tags use electromagnetic fields to wirelessly
transter data. RFID tags include an antenna and an RFID chip, which contains circuits for

wirelessly receiving and sending data. The RFID chip is also encoded with data. A reader
sends a radio signal to the RFID tag, which receives the signal and transmits its data to the
reader. Some RFID tags receive their power from the radio signal sent by a RFID reader (1.e.,
passive). Other RFID tags are battery-powered (i.e., active). RFID tags can be used to track

and 1dentity objects, for example, vehicles.
SUMMARY

|0002a] According to an aspect of the present invention, there is provided a switchable radio-
frequency 1dentification (RFID) tag device comprising: a first RFID module positioned on a
first plane; at least one un-tuned antenna section positioned on a second plane; a shorting bar
positioned on the second plane; and a sliding mechanism configured to move between a first
position and a second position; wherein the first plane is positioned parallel to the second
plane, the first RFID module is coupled to the at least one un-tuned antenna section to form a

tuned RFID tag in the first position, and the first RFID module is coupled to the shorting bar

in the second position.

[0002b] According to an aspect of the present invention, there is provided a switchable radio-
frequency identification (RFID) tag device comprising: an RFID module positioned on a first
plane; at least one un-tuned antenna section positioned on a second plane; and a sliding

mechanism configured to move between a first position and a second position; wherein the
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first plane is positioned parallel to the second plane, and the RFID module is coupled to the at

least one un-tuned antenna section to form a tuned RFID tag in the first position.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] FIG. 1A is a top view of a switchable RFID tag, according to some embodiments.

[0004] FIG. 1B is a side view of the switchable RFID tag of FIG. 1A, according to some

embodiments.

[0005] FIG. 2A and FIG. 2B schematically illustrate a switchable RFID tag that includes a

tuning inductor, according to some embodiments.

10006] F1G. 3A, FIG. 3B, and FIG. 3C schematically illustrate a multi-module switchable

RFID tag, according to some embodiments.

[0007] FIG. 4A and FIG. 4B schematically illustrate a multi-module switchable RFID tag

that includes tuning inductors, according to some embodiments.

[0008] FIG. 5 1s a cross sectional view of the internal components of a switchable RFID tag,

according to some embodiments.
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[0009] FIG. 6 1s a cross sectional view of a switchable RFID tag within a case, according to

some embodiments.

[0010] Skilled artisans will appreciate that elements in the figures are 1llustrated for
simplicity and clarity and have not necessarily been drawn to scale. For example, the
dimensions of some of the elements 1n the figures may be exaggerated relative to other elements

to help to improve understanding of embodiments of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

[0011] Environmental and other concerns have led to regulations that favor high-occupancy
vehicles over single-occupancy vehicles. For example, the number of people 1n a vehicle
determines where and when the vehicle can legally drive (e.g., in what lanes of a roadway), what
tolls the vehicle must pay, or both. A vehicle that transports only the driver 1s categorized as
“SOV” (i.e., a single-occupancy vehicle). A vehicle that transports the driver and at least one
other person is categorized as “HOV™ (i.e., a high-occupancy vehicle). High-occupancy vehicles

that transport the driver and at least two other persons are categorized as “HOV3.”

[0012] Regulations restricting vehicles based on occupancy may be enforced using RFID
readers and tags. For example, RFID readers placed periodically along a HOV lane send radio
signals to RFID tags on vehicles, which respond with data indicating the status of the vehicle as
SOV, HOV, or HOV3. However, a vehicle’s status 1s not static and an RFID tag with a single
code will not accurately report the vehicle’s status at all times. Accordingly, embodiments of the

present invention provide a switchable RFID tag device.

[0013] Betore any embodiments of the invention are explained in detail, 1t 1s to be
understood that the invention 1s not limited 1n 1ts application to the details of construction and the
arrangement of components set forth 1n the following description or 1llustrated 1n the following
drawings. The invention 1s capable of other embodiments and of being practiced or of being
carried out 1n various ways. It should also be noted that, in the specification and the claims, the

terms “above,” “below,” “beneath,” “top,” “middle,” “bottom,” and the like are used 1n reference
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to the illustrated embodiments. This 1s done for ease of description, and should not be

considered limiting.

[0014] One embodiment provides a switchable radio-frequency 1dentification tag device.

The device includes a first RFID module positioned on a first plane, at least one un-tuned
antenna section positioned on a second plane, a shorting bar positioned on the second plane; and
a sliding mechanism configured to move between a first position and a second position. The first
plane 1s positioned parallel to the second plane. The first RFID module 1s coupled to the at least
one un-tuned antenna section to form a tuned RFID tag in the first position. The first RFID

module 1s coupled to the shorting bar 1n the second position.

[0015] In some embodiments, the device further includes a second RFID module positioned
on the first plane, a third RFID module positioned on the first plane, and a second shorting bar.
In such embodiments, the sliding mechanism 1s further configured to move between the first
position, the second position, and a third position. In the first position, the RFID module 1s
coupled to the at least one un-tuned antenna section to form a tuned RFID tag, and the second
and third RFID modules are coupled to the first shorting bar. In the second position, the second
RFID module 1s coupled to the at least one un-tuned antenna section to form a tuned RFID tag,
the first RFID module 1s coupled to the second shorting bar, and third RFID module 1s coupled to
the first shorting bar. In the third position, the third RFID module 1s coupled to the at least one
un-tuned antenna section to form a tuned RFID tag, the first and second RFID modules are

coupled to the second shorting bar.

[0016] Another embodiment provides a switchable radio-frequency 1dentification (RFID) tag
device. The device includes an RFID module positioned on a first plane, at least one un-tuned
antenna section positioned on a second plane, and a sliding mechanism contigured to move
between a first position and a second position. The first plane 1s positioned parallel to the second
plane. The RFID module 1s coupled to the at least one un-tuned antenna section to form a tuned

RFID tag in the first position.

[0017] In some embodiments, the device further includes a second RFID module positioned
on the first plane, and a third RFID module positioned on the first plane. In such embodiments,

the sliding mechanism 1s further configured to move between the first position, the second
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position, and a third position. In the first position, the RFID module 1s coupled to the at least one
un-tuned antenna section to form a tuned RFID tag, and the second and third RFID modules are
not coupled to the at least one un-tuned antenna section. In the second position, the second
RFID module 1s coupled to the at least one un-tuned antenna section to form a tuned RFID tag,
the first and third RFID modules are not coupled to the at least one un-tuned antenna section. In
the third position, the third RFID module 1s coupled to the at least one un-tuned antenna section
to form a tuned RFID tag, the first and second RFID modules are not coupled to the at least one

un-tuned antenna section.

[0018] FIG. 1A 1llustrates two top views (1.e., one 1n the “OFF state,” and one 1n the “ON”
state) of one exemplary embodiment of a long reading distance switchable RFID tag 100. The
RFID tag 100 includes two un-tuned antenna sections 102 and an RFID module 104. The RFID
module 104 includes an RFID chip 106 and two coupling pads 108. The RFID chip 106 includes
hardware, software, or firmware or some combination of the foregoing, configured to respond to
electromagnetic signals received from an RFID reader (not shown). The RFID chip 106
responds by transmitting a pre-programmed data string at a predetermined radio frequency. In
one exemplary embodiment, the RFID chip 106 1s designed to transmit radio signals in the UHF
band (1.e., 902-928MHz). RFID chips are known, and are not described herein in greater detail.
The coupling pads 108 are coupled to the RFID chip 106 and are configured to couple (e.g.,
ohmically or capactively) the RFID module 104 to suitable radiating elements, for example, the

antenna sections 102.

[0019] The un-tuned antenna sections 102 are configured such that, when capactively or
ohmically coupled to the RFID module 104 (via the coupling pads 108), the antenna sections 102
and the RFID module 104tform a tuned antenna system 110, which 1s tuned to the predetermined
frequency of the RFID chipl106, forming a tuned RFID tag. However, when not coupled to the
RFID modulel04, the antenna sections 102 simply form an un-tuned structure 112, which 1s
incapable of sending or receiving radio signals at the predetermined frequency. The
configurations of the antenna sections 102 are shown for illustrative purposes only. As
appreciated by one skilled 1n the art, the physical shape of the antenna sections 102 will depend
on factors such as, for example, the frequency and operational range of the RFID tag 100, or the

dielectric material to which the antenna 1s attached.



CcaA 03000311 2018-03-28

WO 2017/055917 PCT/IB2016/001486

[0020] As 1llustrated 1n FIG. 1B, the antenna sections 102 are located on a plane separate
from plane containing the RFID module 108. In one exemplary embodiment, the planes are
parallel and can be moved relative to each other using a suitable sliding mechanism (not shown).
In some embodiments, the antenna section plane 1s fixed, and the RFID module plane 1s
moveable. In some embodiments, the RFID module plane 1s fixed, and the antenna section plane

1s moveable. In alternative embodiments, both planes are moveable.

[0021] Returning to FIG. 1A, regardless of the configuration, the RFID module 104 1s thus
moveable between two or more positions relative to the antenna sections 102. For example, the
RFID module 104 may be positioned 1n a first position, to align with and capactively couple to
the antenna sections 102 to form the tuned antenna system 110 and functional RFID tag (“ON
State”). The RFID module 104 may also be positioned 1n a second position, apart from the

antenna sections 102 (“OFF State”), resulting 1n the un-tuned structure 112.

[0022] Capacitive coupling 1s preferred for RFID tags operating in the UHF band. In some
embodiments, the RFID module 104 1s ohmically coupled to the antenna sections 102. When
positioned apart from the antenna sections 102, the RFID module 104 does not function to send
or recerve radio signals. In alternative embodiments, the planes are not parallel, but are oriented
such that they can be moved relative to each other using a suitable mechanism to couple and

uncouple the antenna sections 102 from the RFID module 104.

[0023] The RFID tag 100 may be enclosed 1n a suitable case (not shown). In some
embodiments, the cases are constructed from polyvinyl chloride (PVC) plastic, which minimizes
product cost and provides a rugged encasement. In alternative embodiments, other suitable
materials may be used. In some embodiments, the sliding mechanism can be designed to allow
for external visual observation of the RFID module’s position. In one example, when the slider
mechanism positions the RFID module 104 to be coupled to the antenna sections 102, 1t
simultaneously causes a portion of the case display the word “ON,” the color green, or another
indication that the RFID tag 100 1s tuned and functional. Likewise, when the slider mechanism
uncouples the RFID module 104 from the antenna sections102, 1t simultaneously causes a
portion of the case to display the word “OFF,” the color red, or another indication that the RFID

tag 100 1s not functional.
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[0024] FIG. 2A 1llustrates two top views (1.e., one 1n the “OFF state,” and one 1in the “ON”
state) of an exemplary embodiment of a long reading distance switchable RFID tag 200. The
RFID tag 200 includes similar components to the RFID tag 100 (See FIG. 1A), which function
similarly to the RFID tag 100. In the illustrated embodiment, the RFID module 104 includes a
tuning inductor 120, connected 1n parallel with the RFID chip 106, as shown in FIG. 2A. In
some 1nstances, the addition of the tuning inductor 120 may result in the RFID module 104 itself
acting as a short read distance tag, when 1t 1s not coupled to the antenna sections 102. Because
the RFID module 104 1s not coupled to the antenna structures 102, the resulting short read
distance tag 1s not tuned to the predetermined frequency of the RFID chip 106.

[0025] As illustrated in FIG. 2B, to counter this 1ssue, the RFID tag 200 includes a
conductive shorting bar 122, which 1s placed in close proximity to the area under the RFID
module104, on the same plane as the antenna sections 102. In some embodiments, the shorting
bar may be made of a dielectric material. The RFID module 104 1s coupled to the shorting bar
122 when 1n the OFF State, and 1s therefore inoperable.

[0026] FIG. 3A, FIG. 3B, and FIG. 3C 1illustrate exemplary embodiments of a multi-state
switching RFID tag 300. The RFID tag 300 includes three RFID modules 302A, 302B, 302C.
Each module’s RFID chip includes a different data string. In this example, the three RFID
modules 302A, 302B, 302C contain data strings representing SOV, HOV, and HOV3. The three
RFID modules 302A, 302B, 302C are positioned on the same plane, and two shorting bars 122
and the antenna sections 102 are positioned on another plane. The two planes are configured to
move relative to each other using a mechanical means, and operate to couple the RFID modules
302A, 302B, 302C to either the antenna sections 102 or the shorting bars 122. In alternative
embodiments, the shorting bars 122 may be placed on a third plane, apart from the antenna
sections 102. In some embodiments, one or more of the planes may be fixed. In the example
1llustrated in FIG. 3A, the bottom RFID module 302C (SOV) 1s in position to form a tuned and
functional RFID tag. Simultaneously, the other two RFID modules 302A, 302B (HOV, HOV3)
are coupled to the shorting bars 122 and rendered inoperable. In this state, the RFID tag 300, 1f

activated by a reader, would return the data string associated with SOV.
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[0027] As 1llustrated 1n FIG. 3B, by moving the RFID modules 302A, 302B, 302C
downward, the middle RFID module 302B (HOV) forms a tuned and functional RFID tag, and
the other RFID modules 302A, 302C (SOV, HOV3) become 1noperable. In this state, the RFID
tag 300, 1f activated by a reader, would return the data string associated with HOV.

[0028] Alternative embodiments, illustrated in FIG. 3C, form the RFID tag 300 such that the
RFID modules 302A, 302B, 302C can be moved horizontally. In example 1llustrated, the RFID
module 302B containing the HOV data string 1s operable, while the other RFID modules 302A,
302C (SOV, HOV3) are coupled to shorting bars 122 and are inoperable. Sliding the modules to
the right would activate the SOV RFID module 302C, and sliding the modules to the left would
activate the HOV3 RFID module 302A. The other RFID modules would be inoperable while the
operable RFID module 1s coupled to the antenna sections. Alternative embodiments include
more than three RFID modules. In some embodiments, the RFID tag 300 includes sufficient
shorting bars 122 such that all of the RFID modules 302A, 302B, 302C may be rendered

inoperable simultaneously (i.e., all of the RFID modules are in an OFF State).

[0029] As noted above, the sliding mechanism may be designed to allow for external visual
observation of the RFID tag’s position. In some embodiments of multi-state switching RFID
tags, the slider mechanism 1s configured to cause a portion of the case display a visual indicator
of which RFID module 1s forming an active RFID tag. In some embodiments, each type of
RFID module (e.g., SOV, HOV, HOV3) 1s visually indicated on the case, and the sliding
mechanism causes a portion of the case to display a visual status indication for each RFID

module.

[0030] Certain parameters determine how well the RFID tag performs and increase the
amount of 1solation between the On and Off states. These parameters are discussed 1n relation to
an exemplary three-position switchable RFID tag 400, as illustrated in FIG. 4A. The RFID tag
400 1ncludes antenna sections 402, shorting bars 404, and RFID modules 406A, 406B, 406C. As
set forth above, the RFID modules 406A, 406B, 406C each include two pads 408 and an RFID
chip 410.

[0031] Included in the enlarged view of the pads, illustrated in FIG. 4B, the first parameter 1s
the common area of the RFID module, antenna, and shorting plane. This 1s set by the RFID
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module pad 408. In some embodiments, the minimum size 1s, for example, approximately one-
hundred mils on a side. The area should be large enough to result 1n a capacitance that allows a
low impedance connection between the RFID module (e.g., 406B) and the antenna sections 402.
This area 1s determined during the antenna section and RFID module design, and 1s attected by

the spacing between the RFID module and the antenna sections.

[0032] The second parameter 1s the minimum overlap of the RFID module pad 408 by the
antenna 402 and shorting bar 404. This parameter 1s designated in FIG. 4B as the “X” and “Y”
dimensions. The minimum overlap 1s determined when designing the RFID tag case and
position tolerance of the slide mechanism. In some embodiments, the dimensions “X” and “Y”
are 1dentical. In other embodiments, “X” and “Y” differ depending upon manufacturing
tolerances and slider movement. One skilled in the art will appreciate that the dimensions listed
herein are approximate and exemplary only, and the actual dimensions will vary from the

approximations provided.

[0033] Known RFID tag assembly methods may be utilized to produce the structure of the
antenna and shorting bar plane, and the RFID modules. In one exemplary embodiment,
1llustrated in FIG. 5 (a cross sectional view of the intersection line shown in FIG. 4B), the RFID
modules 406A, 406B are on a first plane 502, while the antenna 402 and shorting bar 404 are
formed on a second plane 504. In this example, both the first plane 502 and the second plane
504 are produced on a first substrate 506 and a second substrate 508, respectively. The first
substrate 506 and the second substrate 508 may be made of high temperature Mylar™ (e.g., 2 or
3 mils 1n thickness). The thickness of the Mylar™ films forms the spacing between the RFID
modules and the antenna sections. Mylar™ has a relative permittivity (er(®)) of approximately
three, whereas air has a relative permittivity of approximately one. The use of Mylar™ film
substrates 1n close contact (that 1s, with little to no air between them) increases the capacitance

and decreases the impedance between the RFID modules and the antenna sections.

[0034] FIG. 6 1llustrates a cross sectional view of an exemplary embodiment of a switchable

RFID tag 600. The RFID tag 600 includes a slide 602, two antenna sections 604, and a case 606.
The slide 602 includes three RFID modules 608. The slide 1s positioned on a first substrate 610

(e.g., made of Mylar™). The antenna sections 604 are formed on a second substrate 612 (e.g.,
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made of Mylar™), which substrate 1s adhered to the case 606. The case 606 1s made of a
suitable matenial, for example, PVC, and includes a suitable compressive material 614, which 1s
attached to the case and positioned to maintain sutficient pressure on the slide 602 to maintain
close contact between the first substrate 610 and the second substrate 612. This close contact
reduces the spacing, and thus the air, between the two Mylar™ layers. As noted above, this
increases the capacitance and decreases the impedance between the RFID modules 608 and the

antenna sections 604 (for the RFID module positioned over the antenna sections).

[0035] Thus, the invention provides, among other things, a switchable RFID tag. Various

features and advantages of the invention are set forth in the following claims.
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CLAIMS:
1. A switchable radio-frequency identification (RFID) tag device comprising:

a first RFID module positioned on a first plane;

at least one un-tuned antenna section positioned on a second plane;

5 a shorting bar positioned on the second plane; and

a sliding mechanism configured to move between a first position and a second

position;

wherein the first plane is positioned parallel to the second plane,

the first RFID module is coupled to the at least one un-tuned antenna section to

10  form a tuned RFID tag in the first position, and
the tirst RFID module is coupled to the shorting bar in the second position.

2. The device of claim 1, wherein the first RFID module includes an RFID chip

and two coupling pads.

3. The device of claim 1 or 2, wherein the first RFID module includes a tuning

15 inductor.

4, The device of any one of claims 1 to 3, wherein the first RFID module is
formed on a first polyester film substrate, the first polyester film substrate being positioned on

the first plane, and

the shorting bar and the at least one un-tuned antenna section are formed on a
20  second polyester film substrate, the second polyester film substrate being positioned on the

second plane.

5. The device of claim 1, further comprising:
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a second RFID module positioned on the first plane;
a third RFID module positioned on the first plane; and

a second shorting bar;

wherein the sliding mechanism is further configured to move between the first

position, the second position, and a third position; and

wherein, 1n the first position, the RFID module is coupled to the at least one
un-tuned antenna section to form a tuned RFID tag, and the second and third RFID modules

are coupled to the first shorting bar; and

In the second position, the second RFID module is coupled to the at least one
un-tuned antenna section to form a tuned RFID tag, the first RFID module is coupled to the

second shorting bar, and third RFID module is coupled to the first shorting bar; and

in the third position, the third RFID module is coupled to the at least one un-
tuned antenna section to form a tuned RFID tag, the first and second RFID modules are

coupled to the second shorting bar.

6. The device of claim 5, wherein the first, second, and third RFID module, the

first and second shorting bar, the at least one un-tuned antenna section, and the sliding

mechanism are enclosed in a case.
7. The device of claim 6, wherein

the sliding mechanism causes a first visual indicator to display on the case

when 1n the first position, and

the shding mechanism causes a second visual indicator to display on the case

when 1n the second position, and
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the sliding mechanism causes a third visual indicator to display on the case

when in the third position.

8. The device of claim 6, wherein the first, second, and third RFID modules are

formed on a first polyester film substrate, the first polyester film substrate being positioned on

the first plane; and

the first and second shorting bar and the at least one un-tuned antenna section
are formed on a second polyester film substrate, the second polyester film substrate being

positioned on the second plane and adhered to the case.

9. A switchable radio-frequency identification (RFID) tag device comprising:
an RFID module positioned on a first plane;
at least one un-tuned antenna section positioned on a second plane; and

a sliding mechanism configured to move between a first position and a second

position;
whereln the first plane is positioned parallel to the second plane, and

the RFID module is coupled to the at least one un-tuned antenna section to

form a tuned RFID tag in the first position.

10. The device of claim 9, wherein the RFID module includes an RFID chip and

two coupling pads.

11. The device of claim 9 or 10, wherein the first RFID module is formed on a first

polyester film substrate, the first polyester film substrate being positioned on the first plane,

and

the at least one un-tuned antenna section is formed on a second polyester film

substrate, the second polyester film substrate being positioned on the second plane.
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12. The device of claim 9, further comprising:

a second RFID module positioned on the first plane;
a third RFID module positioned on the first plane;

wherein the shiding mechanism is further configured to move between the first

position, the second posilion,“and a third position; and

wherein, in the first position, the RFID module is coupled to the at least one
un-tuned antenna section to form a tuned RFID tag, and the second and third RFID modules

are not coupled to the at least one un-tuned antenna section; and

in the second position, the second RFID module is coupled to the at least one
un-tuned antenna section to form a tuned RFID tag, the first and third RFID modules are not

coupled to the at least one un-tuned antenna section; and

in the third position, the third RFID module is coupled to the at least one un-
tuned antenna section to form a tuned RFID tag, the first and second RFID modules are not

coupled to the at least one un-tuned antenna section.

13. The device of claim 12, wherein the first, second, and third RFID module, the

at least one un-tuned antenna section, and the sliding mechanism are enclosed in a case.
14. The device of claim 13, wherein

the sliding mechanism causes a first visual indicator to display on the case

when 1n the first position, and

the sliding mechanism causes a second visual indicator to display on the case

when in the second position, and

the sliding mechanism causes a third visual indicator to display on the case

when 1n the third position.
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15. The device of claim 13, wherein the first, second, and third RFID modules are

formed on a first polyester film substrate, and the first polyester film substrate is positioned on

the first plane; and

the at least one un-tuned antenna section is formed on a second polyester film
substrate, the second polyester film substrate being positioned on the second plane and

adhered to the case.
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