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ABSTRACT

A radio frequency transponder includes at least one battery,
which is coupled to provide electrical power for operating
the transponder and at least one antenna, which is configured
to receive and backScatter RF interrogation radiation from
an interrogation device. An integrated circuit is arranged to
Store a code including information and, powered only with
energy provided by the battery, to vary a radiation charac
teristic of the antenna responsively to the code So as to
modulate the information onto the backScattered radiation.
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BATTERYASSISTED BACKSCATTER RFID
TRANSPONDER
CROSS-REFERENCE TO RELATED
APPLICATIONS

0001) This application claims the benefit of U.S. Provi
sional Patent Application 60/584,141, filed Jul. 1, 2004, of
U.S. Provisional Patent Application 60/602,342, filed Aug.
18, 2004, of U.S. Provisional Patent Application 60/608,118,
filed Sep. 9, 2004, of U.S. Provisional Patent Application
60/614,552, filed Oct. 1, 2004, and of U.S. Provisional

Patent Application 60/649,561, filed Feb. 4, 2005. These
related applications are assigned to the assignee of the
present patent application, and their disclosures are incor
porated herein by reference.
FIELD OF THE INVENTION

0002 The present invention relates generally to radio
frequency identification (RFID) systems, and particularly to

battery-assisted backscatter RFID transponders, their com
ponents and methods for producing RFID transponderS.
BACKGROUND OF THE INVENTION

0003 Radio frequency identification (RFID) systems are

used in a variety of applications, ranging from Warehouse
inventory control and container tracking, through automatic
toll payment, to automatic Supermarket cashier applications.
In a typical RFID System, an RF transponder is attached to,
or incorporated into, a tracked object. RF transmissions
between an interrogation device or a reader and the tran
sponder are used for identifying or controlling the object,
reading data, writing data or otherwise communicating with
the transponder.
SUMMARY OF THE INVENTION

0004 RF transponders are commonly classified in terms
of the use they make of an internal power Source. A passive
transponder has no internal power Source and uses the
energy of the RF radiation transmitted by the reader

(referred to herein as interrogation radiation) for powering

the transponder circuitry and for transmitting response radia

tion back to the reader. (The response radiation typically
comprises information, Such as an identification number,

transmitted from the transponder to the reader.) An active

transponder comprises an internal power Source that is used
for both powering the transponder and for generating the RF
energy required for transmitting the response radiation. A

battery-assisted transponder (also referred to as a semi
active or a semi-passive transponder) comprises an internal
power Source. The energy of the response radiation is
derived from the interrogation radiation provided by the
reader, and the transponder circuitry is powered by the
internal power Source. Some battery-assisted transponders,
referred to as backScatter transponders, generate the
response radiation by backScattering the interrogation radia
tion from the transponder antenna. BackScatter transponders
typically transmit information to the reader by modulating
the backScattered radiation.

0005 Battery-assisted backscatter transponders, as
described in the background art, can use part of the energy
of the received interrogation radiation for powering the
transponder circuitry, in parallel to their internal battery.
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This configuration reduces the amount of energy that is
available for backScattering, thus reducing the achievable
communication range of the transponder.
0006 Embodiments of the present invention provide
improved battery-assisted backScatter RF transponder con
figurations that maximize the achievable communication
range and extend the lifetime of the internal power Source.
Exemplary performance measurements of Such transponders
in various challenging test environments are shown herein
below.

0007. In some embodiments, an integrated circuit (IC) in

the transponder modulates the information to be transmitted
to the reader onto the backScattered radiation using back
Scatter modulation. The IC modulates a radar cross-section

(RCS) of the transponder antenna by varying the impedance
at the feed-point of the antenna. In particular, when an
extreme mismatch, Such as an open circuit, is introduced at
the antenna feed-point, the energy of the interrogation
radiation available for backScattering is maximized, thus
maximizing the communication range of the transponder.
0008. In some embodiments, the antenna and the IC are
jointly optimized So as to maximize the impedance mis
match at the antenna feed-point, and hence maximize the
achievable communication range. Additionally or alterna

tively, a modulation depth (denoted ARCS) defined as the
ratio between the different RCS values is also maximized.

0009. The RF transponders described herein can operate
under various protocols, Such as, but not limited to various
transponder-talks-first (TTF) and reader-talks-first (RTF)
protocols. Such protocols typically define the different
modes of operation for the transponder. In Some embodi
ments, an energy saving (battery Saving) module in the IC
activates and deactivates parts of the transponder respon
Sively to the operational modes defined in the protocol, in
order to reduce the energy consumption from the internal
power Source. In Some embodiments, the energy Saving
module controls the operational modes of the transponder
responsively to predetermined timeout conditions, to further
reduce energy consumption.
0010 Embodiments of the present invention also provide
improved methods for producing RF transponders. In Some
embodiments, the power Source of the transponder is a thin
and flexible battery that is printed on the same Substrate as
the IC and the antenna, as part of the transponder production
proceSS.

0011. There is therefore provided, in accordance with an
embodiment of the present invention, a radio frequency (RF)

transponder, including:
0012 at least one battery, which is coupled to provide
electrical power for operating the transponder;
0013 at least one antenna, which is configured to receive
and backScatter RF interrogation radiation from an interro
gation device; and

0014) an integrated circuit (IC), which is arranged to store

a code including information and, powered only with energy
provided by the battery, to vary a radiation characteristic of
the antenna responsively to the code So as to modulate the
information onto the backScattered-radiation.

0015. In some embodiments, the transponder includes a
Substrate having at least one of the IC, the at least one
antenna and the at least one battery disposed thereon.
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0016. In a disclosed embodiment, the at least one battery
includes at least a printed anode layer, a printed electrolyte
layer and a printed cathode layer disposed in at least one of
a co-planar and a co-facial configuration. The electrolyte
layer is disposed between the anode layer and the cathode
layer. In another embodiment, the substrate is flexible.
0.017. In yet another embodiment, the transponder has a
thickness no greater than 1 mm and a bending radius no
greater than 25 mm.
0.018. In an embodiment, the transponder is attached to an
object and at least part of the information in the IC is related
to the object. Additionally or alternatively, the transponder is
adapted to be attached around a corner of an object So that
the at least one battery is oriented in a first plane and the at
least one antenna is oriented in a Second plane different from
the first plane.
0019. In another embodiment, the at least one antenna is
Selected from the group consisting of at least one of a
monopole, a bent monopole, a dipole, a bent dipole, a patch,
an array antenna and a combination thereof. Additionally or
alternatively, the at least one antenna is configured to receive
and backScatter the interrogation radiation in one of an

ultra-high frequency (UHF) range and a microwave fre

quency range. Further additionally or alternatively, the at
least one antenna is arranged to receive and backScatter

transverse electromagnetic (TEM) radiation.
0020. In yet another embodiment, the at least one antenna

includes a feed-point, the radiation characteristic includes a

radar cross-section (RCS) of the at least one antenna, and the

IC is arranged to vary a load impedance at the feed-point of
the at least one antenna So as to vary the RCS of the at least
one antenna between two or more different RCS values. In

still another embodiment, the IC includes a Solid-state

Switch operatively coupled to the feed-point of the at least
one antenna, which is arranged to Switch the load impedance
between a first impedance and a Second impedance, respon
Sively to a binary representation of the code.
0021. In an embodiment, the IC is arranged to introduce
a low resistive load condition at the feed-point of the at least
one antenna So as to maximize at least one of the two or

more RCS values, thereby maximizing a communication
range of the transponder. Additionally or alternatively, the
IC is arranged to maximize a modulation depth defined as a
ratio between two of the two or more RCS values. Further

additionally or alternatively, the at least one antenna and the
IC are arranged to jointly maximize the modulation depth
and a communication range of the transponder.
0022. In an embodiment, the interrogation radiation
received by the at least one antenna has a first power level,
and the at least one antenna and the IC are arranged to
backScatter the interrogation radiation at a Second power
level that is greater than 75% of the first power level. In
another embodiment, the Second power level is greater than
95% of the first power level.
0023. In still another embodiment, the IC is configured to
comply with an operation protocol defining two or more
operational modes. Additionally or alternatively, the IC
includes an energy Saving module, which is arranged to
activate and deactivate parts of the transponder responsively
to the operational modes So as to reduce an energy con
Sumption from the at least one battery. In yet another
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embodiment, the protocol includes at least one of a tran

sponder-talks-first (TTF) and a reader-talks-first (RTF) pro
tocol.

0024. In an embodiment, the protocol includes the RTF
protocol, and the IC is configured to analyze Signals carried
by the interrogation radiation, to progressively activate
components of the transponder responsively to the analyzed
Signals So as to reduce an energy consumption from the at
least one battery, to assess a relevance of the interrogation
radiation to the transponder based on the analyzed signals,
and to enable the transponder to react to the interrogation
radiation based on the relevance. Additionally or alterna
tively, the IC is arranged to evaluate one or more timeout
conditions and to deactivate predetermined components of
the transponder responsively to the timeout conditions after
having detected a presence of the interrogation radiation.
0025. In another embodiment, the IC includes a battery
Status indicator, which is configured to indicate an avail
ability of sufficient electrical power from the at least one
battery, and the IC is configured to draw electrical power
from the interrogation radiation responsively to a reported
unavailability of Sufficient battery power as determined by
the battery Status indicator.
0026. In yet another embodiment, the transponder
includes at least one Sensor, and the IC is arranged to receive
an indication of a local condition in a vicinity of the
transponder from the at least one Sensor.

0027. In still another embodiment, the transponder
includes an energy conversion circuit, which is arranged to
draw excess power from the interrogation radiation, when
the excess power is available, and to perform at least one of
powering the IC and charging the at least one battery using
the drawn exceSS power.
0028. In an embodiment, the IC is arranged to decode and
react to interrogation data carried by the interrogation radia
tion, the interrogation data including at least one of a
command relating to an operation of the transponder and
input data to be written to the transponder.
0029. There is also provided, in accordance with an
embodiment of the present invention, a radio frequency (RF)
transponder, including:
0030) a battery, which is coupled to provide electrical
power for operating the transponder;
0031 an antenna, which is arranged to receive and back
Scatter RF interrogation radiation from an interrogation
device;

0032 an integrated circuit (IC), which is arranged to store

a code including information and, powered with energy
provided by the battery, to vary a radiation characteristic of
the antenna responsively to the code So as to modulate the
information onto the backScattered interrogation radiation;
and

0033 a substrate, on which the battery, IC and antenna
are disposed, and which is adapted to be fixed around a
corner of an object So that the battery is oriented in a first
plane and the antenna is oriented in a Second plane different
from the first plane.
0034. There is further provided, in accordance with an
embodiment of the present invention, a radio frequency (RF)
transponder, including:
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0.035 an antenna, which is arranged to receive interro
gation radiation at a first power level from an interrogation
device and to backScatter the interrogation radiation at a
second power level that is greater than 75% of the first
power level; and

0036) an integrated circuit (IC), which is arranged to store
a code including information and to vary a radiation char
acteristic of the antenna responsively to the code So as to
modulate the information onto the backScattered radiation.

0037. In an embodiment, the second power level is
greater than 95% of the first power level.
0.038. There is additionally provided, in accordance with
an embodiment of the present invention, a radio frequency

(RF) transponder, including:
0.039 an antenna, which is arranged to receive first RF

radiation carrying Signals from an interrogation device and
to transmit second RF radiation responsively to the first RF
radiation;

0040 a battery, which is coupled to provide electrical
power for operating the transponder; and

0041 an integrated circuit (IC), which is operative in
accordance with a reader-talks-first (RTF) protocol, and

which is configured to detect a presence of the first RF
radiation, to analyze the Signals carried by the first RF
radiation, to progressively activate components of the tran
sponder responsively to the analyzed signals So as to reduce
an energy consumption from the battery, to assess a rel
evance of the first RF radiation to the transponder based on
the analyzed Signals, and to enable the transponder to
transmit the second RF radiation based on the relevance.

0042. In an embodiment, the IC is configured to assess
the relevance of the first RF radiation by performing at least
one of detecting a pattern in the first RF radiation and
determining addressing information in the first RF radiation.
In another embodiment, the IC is arranged, responsively to
the relevance of the first RF radiation, to perform at least one
of rejecting RF radiation not generated by an RF reader and
rejecting RF radiation not addressed to the transponder.
0043. There is also provided, in accordance with an
embodiment of the present invention, a method for trans

mitting information from a radio frequency (RF) transpon

der, including:
0044) providing a battery for operating the transponder;
0.045 configuring an antenna to backscatter RF interro
gation radiation that is transmitted from an interrogation
device; and

0.046 varying a radiation characteristic of the antenna
responsively to the information So as to modulate the
information onto the backScattered radiation. The energy
used to vary the radiation characteristic is not derived from
the interrogation radiation.
0047. In an embodiment, providing the battery includes
applying a printed battery to a Substrate having at least one
of the IC and the antenna disposed thereon. In another
embodiment, the battery is no greater than 1 mm thick.
0.048. In yet another embodiment, the battery includes a
flexible thin-layer open liquid-State electrochemical cell
including a first layer of insoluble negative electrode, a
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Second layer of insoluble positive electrode and a third layer
of aqueous electrolyte, the third layer being disposed
between the first and Second layers and including:

0049 (a) a deliquescent material for keeping the open
cell wet at all times,

0050 (b) an electroactive soluble material for obtaining

required ionic conductivity; and

0051 (c) a water-soluble polymer for obtaining a

required Viscosity for adhering the first and Second layers to
the third layer.
0052 There is additionally provided, in accordance with
an embodiment of the present invention, a method for

manufacturing a radio frequency (RF) transponder, includ

ing:
0053 providing a battery for operating the transponder;
0054 configuring an antenna to backscatter RF interro
gation radiation that is transmitted from an interrogation
device;

0055 disposing the antenna and the battery on a sub
Strate, wherein the Substrate is configured to allow for
application of the transponder around a corner of an object,
So that the battery is oriented in a first plane and the antenna
is oriented in a Second plane different from the first plane.
0056. There is further provided, in accordance with an
embodiment of the present invention, a method for trans

mitting information from a radio frequency (RF) transpon

der, including:
0057 configuring an antenna to receive an interrogation
radiation at a first power level from an interrogation device
and to backScatter the interrogation radiation at a Second
power level that is greater than 75% of the first power level;
0058 storing a code including the information; and
0059 varying a radiation characteristic of the antenna
responsively to the code So as to modulate the information
onto the backScattered radiation.

0060. In an embodiment, the second power level is
greater than 95% of the first power level.
0061 There is additionally provided, in accordance with
an embodiment of the present invention, a method for

manufacturing a radio frequency (RF) transponder, includ

ing:
0062 providing a substrate;
0063 applying on the substrate an antenna Suitable for

backScattering radio-frequency (RF) radiation;
0064 applying an integrated circuit (IC) to the substrate,

and coupling the IC to vary a radiation characteristic of the
antenna So as to modulate information onto the backscat

tered radiation; and

0065 printing a battery on the Surface of the Substrate, so
as to provide electrical power for powering the transponder.
0066. In an embodiment, printing the battery includes
printing one or more battery layers in at least one of a
co-facial configuration and a co-planar configuration using
respective inks including battery layer materials. In another
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embodiment, the layer material includes at least one of Zinc,

manganese dioxide (MnO) and Zinc chloride (ZnCl2).
0067 In yet another embodiment, printing the battery
includes:

0068 forming a first battery assembly including:
0069 i. printing a first electrode layer on the Surface of
the Substrate;

0070) ii. applying an electrolyte on the first electrode
layer; and
0.071) iii. applying a separator layer on the electrolyte of
the first electrode layer;
0.072 forming a second battery assembly including:
0.073 i. printing a second electrode layer of opposite
polarity to the first electrode layer on a Second Substrate; and
0.074 ii. applying the electrolyte on the second electrode
layer; and
0075 joining together the first battery assembly and
Second battery assembly So that the layers are Stacked and
the electrolyte of the Second electrode layer is in co-facial
contact with the Separator layer.
0.076. In still another embodiment, applying the antenna
includes printing the antenna on the Substrate. In another
embodiment, the IC includes an organic polymer IC and
applying the IC includes using a printing technique to apply
the IC. Additionally or alternatively, applying the antenna
and the IC and printing the battery include printing a fully
printable transponder.
0077. There is also provided, in accordance with an
embodiment of the present invention, a method for reducing
energy consumption from a battery in a radio-frequency

(RF) transponder operating in accordance with a reader
talks-first (RTF) protocol, including:
0078 detecting a presence of RF radiation at the tran

sponder;

0079 analyzing Signals carried by the detected RF radia
tion;

0080 progressively activating components of the tran
sponder responsively to the analyzed signals, So as to reduce
the energy consumption;
0.081 assessing a relevance of the RF radiation to the
transponder based on the analyzed signals, and
0082 based on the relevance, enabling the transponder to
react to the RF radiation.

0.083. There is further provided, in accordance with an
embodiment of the present invention, a radio-frequency

identification (RFID) system, including:
0084 at least one interrogation device, which is config
ured to transmit RF interrogation radiation to RF transpon
derS and to receive and decode backScatter-modulated radia

tion from the RF transponders responsively to the
interrogation radiation;
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0085 at least one radio frequency (RF) transponder,

including:
0086) i. at least one battery, which is coupled to provide
electrical power for operating the transponder;
0087 ii. at least one antenna, which is arranged to receive
and backScatter the interrogation radiation from the at least
one interrogation device; and

0088 iii. an integrated circuit (IC), which is arranged to

Store a code including information and, powered only with
energy provided by the battery, to vary a radiation charac
teristic of the antenna responsively to the code So as to
modulate the information onto the backScattered radiation;
and

0089 at least one data processing device for processing
data decoded by the at least one interrogation device from
the backScattered modulated radiation.

0090 There is additionally provided, in accordance with
an embodiment of the present invention, an antenna for

transmitting information from a radio frequency (RF) tran

sponder. The antenna is configured to receive RF interroga
tion radiation at a first power level from an interrogation
device, to backScatter the interrogation radiation at a Second
power level that is greater than 75% of the first power level,
and the antenna has a variable radiation characteristic, which

is controllable by the transponder So as to modulate the
information onto the backScattered radiation. In an embodi

ment, the second power level is greater than 95% of the first
power level.
0091. There is also provided, in accordance with an
embodiment of the present invention, an energy Saving
circuit for reducing energy consumption from a battery in a

radio-frequency (RF) transponder, including:
0092) a state machine, which is arranged to detect a

presence of RF radiation at the transponder, to analyze
Signals carried by the detected RF radiation, to progressively
activate components of the transponder responsively to the
analyzed Signals, So as to reduce the energy consumption, to
assess a relevance of the RF radiation to the transponder
based on the analyzed signals, and, based on the relevance,
to enable the transponder to react to the RF radiation; and
0093 one or more timeout circuits, which are arranged to
evaluate timeout conditions So as to activate predetermined
components of the transponder responsively to the analyzed
Signals.
0094. There is further provided, in accordance with an
embodiment of the present invention, a radio frequency (RF)
transponder, including:
0095 at least one battery, which is coupled to provide
electrical power for operating the transponder;
0096 at least one antenna, which is configured to receive
and backScatter RF interrogation radiation from an interro
gation device; and

0097 an integrated circuit (IC), which is arranged to store

a code including information and, powered with at least one
of energy provided by the battery and exceSS power from the
interrogation radiation, to vary a radiation characteristic of
the antenna responsively to the code So as to modulate the
information onto the backScattered radiation.
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0098. The present invention will be more fully under
stood from the following detailed description of the embodi
ments thereof, taken together with the drawings in which:
BRIEF DESCRIPTION OF THE DRAWINGS

0099 FIG. 1 is a schematic pictorial illustration of an
RFID system, in accordance with an embodiment of the
present invention.
0100 FIG. 2 is a block diagram that schematically illus
trates an RFID system, in accordance with an embodiment
of the present invention.
0101 FIGS. 3A and 3B are geometrical diagrams that
Schematically illustrate RFID transponder antennas, in
accordance with embodiments of the present invention.
0102 FIG. 3C is a schematic pictorial illustration of an
RFID tag that is folded over an edge of an object, in
accordance with an embodiment of the present invention.
0103 FIG. 4A is a diagram that schematically illustrates
a radiation pattern of an RFID transponder antenna, in
accordance with an embodiment of the present invention.
0104 FIG. 4B is a graph that schematically illustrates
coverage of an RFID transponder antenna, in accordance
with an embodiment of the present invention.
0105 FIGS. 5A-5C are graphs that schematically illus
trate backScatter values of RFID transponder antennas, in
accordance with embodiments of the present invention.
0106 FIGS. 6A and 6B are flow charts that schemati
cally illustrate methods for communicating between a reader
and an RFID transponder, in accordance with embodiments
of the present invention.
0107 FIG. 7 is a state diagram that schematically illus
trates energy Saving operation in reader-talkS-first mode, in
accordance with an embodiment of the present invention.
0108 FIG. 8 is a schematic exploded view of an RFID
transponder, in accordance with an embodiment of the
present invention.
0109 FIG. 9 is a flow chart that schematically illustrates
a method for producing an RFID transponder, in accordance
with an embodiment of the present invention.
0110 FIG. 10A is a schematic exploded view of a printed
battery, in accordance with an embodiment of the present
invention.

0111 FIG. 10B is a flow chart that schematically illus
trates a method for producing a printed battery for a tran
sponder, in accordance with an embodiment of the present
invention.
DETAILED DESCRIPTION OF EMBODIMENTS

System Description
0112 FIG. 1 is a diagram that pictorially illustrates an
RFID system 20, in accordance with an embodiment of the
present invention. System 20 in this example, which is no
way limiting is a warehouse inventory tracking System, in
which objects, Such as packages 24 are Stored and tracked in
a warehouse. An RF transponder 28, typically in the form of
a tag or label, is attached to or is integrally formed with each
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package 24. The term “transponder as used herein includes,
but is not limited to, transponder forms Such as tags, labels,
Stickers, wristbands, Smart cards, disks or coins, glass tran
sponders, plastic housing transponders, watch face transpon
derS and any combination thereof. The term includes any
size, thickness, Shape, and form of transponder device. The
term includes integrated and non-integrated devices, Such as,
but not limited to, devices integrated into the packaging of
an object or integrated into the object or product itself. The
term includes transponders, made by any Suitable technol
ogy, including, but not limited to a printing technology.
0113 A code comprising information relating to package
24 and/or to transponder 28 can be generated and Stored in
a memory of transponder 28. Generally Speaking, the code
comprises any information that is to be transmitted from
transponder 28 to reader 32. For example, the information
may comprise an ID number that identifies package 24.
Additionally or alternatively, the code may comprise data
measured by Sensors coupled to the transponder, or any other
data that should be transmitted to reader 32.

0114. An interrogation device, Such as a reader 32, trans
mits interrogation RF radiation to transponder 28 in order to
query its information. Typically, the interrogation radiation

comprises a transverse electromagnetic (TEM) wave. The

interrogation radiation may comprise interrogation data
transmitted to the transponder, Such as an identification of
the reader or an identification of the queried transponder.
The transponder receives the interrogation radiation and
responds by modulating its code onto a backScattered
response RF radiation, using methods, which will be
explained in detail below. The reader receives the backScat
tered radiation and demodulates the code Sent by the tran
sponder. The information in the code can be transmitted to
a processing unit 36. In Some embodiments, at least one
repeater 42 can be used for communicating between reader
32 and processing unit 36, for example in installations where
there is no line of Sight between the reader and the proceSS
ing unit.
0.115. In the example of FIG. 1, a forklift is seen entering
the warehouse carrying a new package 24 to be stored.
Reader 32, in this example configured as a gate reader,
interrogates transponder 28 attached to package 24 in order
to automatically update an inventory database maintained by
processing unit 36 with the newly-arriving package.
0116. The configuration shown in FIG. 1 is an exemplary
RFID application, chosen purely for the Sake of conceptual
clarity. System 20 may comprise any other RFID system, in
which RFID transponders are coupled to tracked objects.
System 20 may comprise, for example, a container tracking
System, an automatic toll payment System, a book tracking
System in a library, an airport baggage tracking System, an
automatic cashier in a Supermarket, animal tagging, human
tracking Such as, but not limited to baby tracking in a
hospital or armed forces tracking, Supply chain manage
ment, access control, asset control, total asset Visibility,
licensing, product handshaking, logistics management,
movement and theft alarms. System 20 of the present
invention can be used to monitor assets, packages, contain
ers, and pallets when they are in Warehouses and Stockyards,
as well as when they are in transit.
0.117) System 20 typically comprises multiple transpon
derS 28 and may comprise multiple readers 24 and/or
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multiple processing units. Reader 32 and transponder 28
may communicate using any Suitable protocol. An exem
plary protocol is defined in an EPCglobal Specification
entitled “Class-1 Generation-2 UHF RFID Conformance

Requirements Specification V.1.0.2, which is available at
www.epcglobalinc.org/standards technology/specification
S.html. Another exemplary protocol is the ISO 18000
6:2004 standard entitled “Radio Frequency Identification for
Item Management-Part 6: Parameters for Air Interface
Communications at 860 MHz to 960 MHz,” published by
the International Organization for Standardization (ISO).
The ISO/IEC 18000-6:2004 Standard is available at
www.iso.org.
0118. The modes of operation of transponder 28 and the
functionality of each mode can be defined in accordance
with any Suitable protocol, Standard or interoperability inter
face, such as the EPCglobal and ISO specifications cited
above.

0119). In some embodiments, system 20 may comprise
multiple readers 32. The multiple readers may be synchro
nized or non-synchronized. The multiple readers may be
connected to a single processing unit 36 or to multiple
processing units. Interrogation radiation from more than one
reader may cause mutual interference problems. In Some
embodiments, readers 32 of system 20 can use a “listen
before talk” protocol in order to avoid the mutual interfer
ence. Additionally or alternatively, readers 32 can use Syn
chronized or non-synchronized frequency hopping for mini
mizing interference, as is known in the art.
0120 Reader 32 and processing unit 36 may communi
cate using any Suitable wired or wireleSS connection means.
Although system 20 can be used in any RFID application,
the methods and devices described below are particularly
suitable for RFID applications that require a relatively long
range between transponder 28 and reader 32. In addition,
System 20 can be used in a variety of challenging environ
ments, Such as environments in which the communication

path between the transponder and the reader is obstructed by
materials. Such as oil, liquids and metals.
0121 Transponder 28 as described herein is a battery
assisted backscatter RFID transponder. The term “backscat
ter transponder” means that the response radiation is gen
erated by a backscattering effect, in which part of the RF
energy of the interrogation radiation is reflected from the
transponder antenna back to the reader. Further, transponder
28 does not draw current from an internal battery for
generating the RF energy required for transmitting the
backScattered radiation, thus extending the lifetime of the
battery and of the transponder.

0122) The term “battery-assisted transponder” (some
times also referred to as a "semi-active' or a "semi-passive”

transponder) means that power required to run transponder

28 is derived from an internal power Source, Such as a
battery. In contrast, a passive transponder does not make use
of an internal power Source. The energy for powering the
transponder circuitry in a passive transponder is derived
from the interrogation radiation, which effectively reduces
the communication range.
0123. Other transponders, referred to as “active transpon
ders,” use the power of the internal battery for generating the
response radiation. While this configuration may extend the
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communication range of the transponder, the power con
Sumption of an active transponder is significantly higher in
comparison to a battery-assisted transponder. The higher
power consumption typically means that an active transpon
der may either have a significantly Shorter lifetime, or have
a significantly larger Size to allow for a larger battery. A
larger battery also adds to the cost of the transponder.
0.124. The background art has described semi-active tran
sponders, in which Some of the energy of the interrogation
radiation received by the antenna is transferred to the
transponder, absorbed or otherwise made unavailable for
backScattering. Since Such a configuration reduces the
energy that is available for backScattering, the communica
tion range of the transponder is reduced accordingly. How
ever, in embodiments described herein, the control circuitry
of the transponder is powered exclusively by the internal
battery. AS long as the battery is able to Supply the required
energy, the energy of the interrogation radiation is not used
to power the transponder. Substantially all of the energy of
the interrogation radiation received by the antenna is thus
available for backScattering. Therefore, the configuration
described herein maximizes the backScatter communication

range between the transponder and the reader.
0.125 Transponder 28 can take the form of a tag or a label
that is attached to the tracked object. Alternatively, in Some
cases the transponder may be incorporated as part of the
tracked object itself. In other cases the transponder can be
embedded inside a smart-card. Further alternatively, the
transponder can be formed and packaged in any other
Suitable configuration, as required by its functionality in
System 20. An exemplary mechanical configuration, in
which transponder 28 is formed as a flexible label, is shown
in FIG. 8 below. Transponder 28 can be produced at low
cost and thus may be disposable.
0.126 In some embodiments, transponder 28 is config
ured to operate at a temperature range of from about -20°C.
to about 65 C. and a non-condensing humidity range of
from about 5% to about 95%. In some embodiments, tran

sponder 28 is resistant to liquids and other non-corrosive
materials. In Some embodiments, transponder 28 facilitates
improved communication compared to passive transponders
in the presence of RF absorptive and reflective materials.
0127. The code stored in transponder 28 may conform to
any Suitable Structure, Standard or convention. For example,
the code may comply with the Electronic Product Code"M,
an industry-driven standard developed by EPCglobal, Inc.
Further details regarding this Standard can be found at
www.epcglobalinc.org. An exemplary product identification
convention is the EAN.UCC standard. Details regarding this
Standard are available at www.ean-u.cc.org. In Some embodi
ments, reader 32 may write input data into transponder 28 in
addition to reading the code, as part of the interrogation
process. The written data can later be read by the same
reader or by a different reader in Subsequent interrogations.
0128. In some embodiments, the interrogation radiation
and the backScattered radiation are transmitted in the ultra

high frequency (UHF) range, typically between about 300
and about 3000 MHz, although other suitable higher or
lower frequency ranges, Such as for example microwaves
can also be used. Nothing herein is meant to limit the
invention disclosed herein to operation within the UHF
band. The particular choice of frequencies may depend upon
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national Spectrum allocation and other regulatory and func
tional constraints. For example, typical frequency ranges are
in the range of about 800-900 MHz in Europe and in the
range of about 900-950 MHz in North America. In some
embodiments, the Same transponder can be configured to be
operable in different frequency bands depending on geog
raphy. AS Such, the present invention readily facilitates
SeamleSS operation across the globe.
0129. When reader 32 transmits information or other
commands to the transponder, the transmission can use any
Suitable modulation type, Such as amplitude shift keying

(ASK), frequency shift keying (FSK), Single Sideband
(SSB), double sideband (DSB) and phase shift keying (PSK)
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0135) In some embodiments, the transponder is typically
less than 1 mm thick and has a bending radius of less than
25 mm. In Some embodiments, the transponder is less than
0.6 mm thick. In Some embodiments, the transponder had a
bending radius of less than 50 mm.
0.136. In some embodiments, the thin and flexible battery
comprises a first insoluble negative electrode, a Second
insoluble positive electrode, and an aqueous electrolyte
being disposed between the negative electrode and positive

electrode. The electrolyte layer typically comprises (a) a
deliquescent material for keeping the open cell wet at all

times; (b) an electroactive Soluble material for obtaining
required ionic conductivity; and (c) a water-Soluble polymer

modulation.

for obtaining a required Viscosity for adhering the electrolyte

0130 FIG. 2 is a block diagram that schematically illus
trates details of RFID system 20, in accordance with an
embodiment of the present invention. Transponder 28 com
prises a Substrate 48, which Serves as the base for mounting
the various transponder components. An antenna 52 receives
and backScatters the interrogation radiation transmitted by
reader 32. In Some embodiments, the transponder may
comprise two or more antennas for improved coverage.
0131) An integrated circuit (IC) 56, typically an applica
tion-specific IC (ASIC), performs the various processing
and logic functions of transponder 28. In Some embodi
ments, Some functions of IC 56 are implemented using
discrete components that are disposed on Substrate 48 as part
of the transponder production process.
0132) IC56 is powered by a battery 60. The RF energy
of the interrogation radiation is typically detected, amplified,
filtered and demodulated by a detector/demodulator 62 in IC
56. Detector/demodulator 62 detects the presence of the
interrogation radiation and demodulates the interrogation
data, if such data is transmitted by reader 32. Detector/
demodulator 62 may use constant false alarm rate (CFAR)
techniques known in the art, or any other Suitable method,
for detecting the presence of the interrogation radiation in
the presence of clutter, background noise and/or interfer

layerS and the electrolyte layer are typically arranged in a
co-facial configuration. Alternatively, the two electrode lay
erS and the electrolyte layer can also be arranged in a
co-planar configuration. The resulting battery can facilitate
an even thinner transponder.
0.137 In other embodiments, battery 60 comprises a thin
and flexible battery as described in U.S. patent application
Publication 20030165744 A1, whose disclosure is incorpo
rated herein by reference.
0.138. In some embodiments, as described in detail here
inbelow, when battery 60 is a thin and flexible battery as
described above, the different layers of the battery are
deposited on Substrate 48 as part of the transponder produc
tion process. In alternative embodiments, a previously
assembled thin and flexible battery is applied or attached to

ence. In Some embodiments, the detector and demodulator

may be integrally formed in one circuit. Alternatively, the
detector and demodulator may use Separate components or
may share Some components.
0133) A control module 64 typically receives an indica
tion regarding the presence of the interrogation radiation,
and optionally the demodulated interrogation data, from
detector/demodulator 62. Control module 64 retrieves the

transponder code, as defined above, which has been previ
ously Stored in a memory 66, and sends the code to a
modulator 68, which accordingly modulates the RF radia
tion that is backscattered from antenna 52 to reader 32.

0134 Battery 60 may comprise one or more suitable
energy Sources. The battery may optionally include circuitry
configured to increase or otherwise control the Supplied
Voltage. In Some embodiments, battery 60 comprises at least
one thin and flexible battery, Such as the batteries produced

by Power Paper Ltd. (Petah-Tikva, Israel). Such thin and
flexible batteries are described, for example, in U.S. Pat.

Nos. 5,652,043, 5,897.522 and 5,811,204, whose disclosures

are incorporated herein by reference. Additional details can
also be found at www.powerpaper.com. Thin batteries of this
Sort are typically less than 1 mm thick.

to the electrodes. In Some embodiments, the two electrode

Substrate 48.

0.139. In some embodiments, battery 60 may be kept in an
inactivated State in order to increase the longevity of the
battery. Such a case may be desirable for a transponder 28,
which has been manufactured, but is not yet in use. Any
Suitable method of facilitating an inactivated State may be
used, Such as but not limited to use of a tab over the battery.
0140. In some embodiments, control module 64 com
prises a microcontroller core that runs Suitable Software,
coupled with peripheral logic and memory. Alternatively or
additionally, control module 64 may comprise logical func
tions and management functions implemented in hardware
as part of IC 56. Memory 66 may comprise any suitable
non-volatile or battery-backed memory, Such as an electroni

cally erasable programmable read only memory (EPROM).

Battery-backed memory is Sometimes advantageous due to
its low working Voltage and current and low cost.
0.141. In some embodiments, memory 66 comprises a
read memory section 67, in which module 64 stores the code
and reads it during its transmission to the reader, and a write
memory section 69, which is used for storing data sent to the
transponder from the reader. In Some embodiments, the read
and write memory Sections can be activated and deactivated
independently as appropriate, in order to reduce the energy
drawn from battery 60.
0142. In some embodiments, the code is written perma
nently into memory 66 as part of the IC fabrication process
or as part of the transponder production proceSS. In other
embodiments, the code can be written and modified by
reader 32 during operation. In Some embodiments, writing
the code into the memory requires the use of a password or
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a Suitable Security code. The modulator modulates the
retrieved code onto the backScattered radiation, which is
backscattered from antenna 52 to reader 32. The modulation
method is described in detail hereinbelow.
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in the event of a product being out of date or if environ
mental conditions Such as temperature have exceeded a
Specified limit.
0149. In some embodiments, the IC comprises a power

0143. In some embodiments, transponder 28 comprises
authentication and/or encryption means, for verifying the
identity of the transponder and/or of the tracked object to the

on-reset (POR) and watchdog timer (WD) module 80. The

reader.

troller in control module 64, when Such a microcontroller is
used, in certain Software failure Scenarios.

0144. IC 56 may also comprise an energy saving module
70. Module 70 enables and disables different hardware

functions and components of transponder 28, in accordance
with the transponder's mode of operation, So as to minimize
the current drawn from battery 60 and extend its lifetime.
Module 70 can use a battery status indicator 72 for assessing
the status of battery 60. Module 70 is typically implemented
as a State-machine using hardware, Software or a combina
tion of both. The operation of module 70 is shown in detail
in FIGS. 6A, 6B and 7 below.
0145. In some embodiments, IC 56 comprises a real-time

clock (RTC) 74. In some embodiments, the transponder

reads the RTC and adds a time-stamp to the code sent to the
reader. In Some embodiments, transponder 28 Senses one or
more local conditions using one or more external Sensors 78.
For example, Sensors 78 may sense the temperature or other
environmental conditions in the vicinity of transponder 28.
Sensors 78 may also comprise motion Sensors, tamper
Sensors, shock/vibration Sensors, humidity Sensors, radiation
Sensors, chemical sensors, gas or fume Sensors, weight

Sensors, drug (narcotics) sensors, explosives Sensors or any
other Suitable Sensor.

0146). Some of sensors 78 may have digital or discrete
outputs, whereas other Sensors may have analog outputs. In
Some embodiments, IC 56 comprises an analog to digital

converter (ADC) 76 that samples the outputs of the analog
Sensors and provides the Sampled values to control module
64. In Some cases, at least one Sensor, Such as a temperature
Sensor, can be implemented internally to the IC. In Some
embodiments, at least one Sensor can be implemented exter
nally to IC 56.
0147 In some embodiments, the information of sensors
78 and RTC 74 is combined to provide time-dependent
alarm conditions. For example, IC 56 may report an alarm
to the reader if the local temperature exceeds a predeter
mined threshold for a predetermined time duration. The
reported alarm can also contain a time-Stamp indicating the
time of the event. In some embodiments, the profile of the
Sensor measurements over time can be recorded in memory
66 while the tracked object is outside the reader communi
cation range. A Sensor profile Such as a time-temperature
profile is important in applications Such as fresh food
packages, medical Supplies, drugs and any other tempera
ture-Sensitive commodity. In Some embodiments, control

POR typically resets control module 64 when power is
applied. The watchdog timer typically resets a microcon

0150. In some embodiments, the functions of IC 56 can
also be performed by two or more application-specific or
general-purpose components.
0151 FIGS. 3A-3C are diagrams that schematically
illustrate different exemplary implementations of antenna
52, in accordance with embodiments of the present inven
tion. Typically, the type of antenna chosen, as well as its
configuration and dimensions, are dependent upon the oper
ating frequency and upon the desired size and shape of the
transponder. Antenna 52 may comprise a monopole, a
dipole, a patch, an array, or any other Suitable antenna type,
as appropriate for the Specific configuration of transponder
28. In Some embodiments, parts of the antenna may be bent
or otherwise oriented to fit within the allocated Space on
Substrate 48.

0152 FIG. 3A shows an exemplary dipole antenna 90
comprising two elements having bent tips that are fed at a
feed-point 92. In this embodiment, which is optimized to
give maximal backScatter and maximal modulation depth at
a frequency of 900 MHz, each element is 102 mm long, of
which 42 mm are bent at a 900 angle. In an alternative
exemplary embodiment, also optimized to operate at 900
MHz, the total length of each element is still 102 mm, but
the bent Section is longer, Such as 67 mm. In alternative
embodiments, different total lengths and different lengths of
bent tips can be used to Suit the desired transponder size. A
Straight dipole with no bent tips can also be used if Sufficient
length is available on Substrate 48.
0153 FIG. 3B shows an exemplary monopole antenna
comprising an active element 94 and a ground plane 96.
Feed-point 92 is located at the bottom of the active element,
between element 94 and ground plane 96. The total length of
element 94 is again 102 mm, to maximize backScatter and
modulation depth at the operating frequency of 900 MHz. As
with dipole antenna 90, the tip of active element 94 of the
monopole antenna is seen to be bent, to fit within the
allocated geometry of transponder 28. Different amounts of
bending, and in particular a Straight monopole without
bending, can also be used if Sufficient length is available.
0154 Antenna 52 may be deposited on substrate 48 using
any Suitable method, Such as a thick-film deposition method,

a printed circuit board (PCB) production method, an etching

module 64 can also activate, deactivate or otherwise control

process, by printing an electrically-conductive ink, using a
metallic foil, using a vaporization method, or using any

parts of the tracked object in accordance with commands

other Suitable method known in the art.

received from the reader.

0148 Transponder 28 can optionally comprise a display,
Such as, but not limited to a light-emitting diode (LED) or
a liquid crystal display (LCD), not shown in the figures. The
display may comprise an indicator element, Such as, but not
limited to a color changing element. In one non-limiting
example, the indicator may readily facilitate a color change

0155 FIG. 3C shows an alternative configuration of
transponder 28, in which the components of transponder 28
are located on two different Surfaces of package 24. In Some
practical cases, it is desirable to locate antenna 52 on a

narrow surface 97 of the package (or other object) that is too

narrow to fit the entire transponder. For example, a Surface
98, although wide enough for fitting the transponder, is
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Sometimes made of a metallic material that interferes with

the radiation pattern of antenna 52. Two Such exemplary

cases are compact disk (CD) packages and Some medication

packages. In another case, the tracked object may not
include any Surface wide enough to fit the entire transponder.
0156. In these cases, transponder 28 can be mounted so
as to wrap around a corner of package 24. The transponder
is thus attached to two different Surfaces of the package, as
shown in the figure. As will be shown below, Substrate 48
and the other layers of transponder 28, including antenna 52
and battery 60 are typically flexible enough to be wrapped
around the corner in the manner shown or in any other
Suitable manner, which can facilitate an improved radiation
pattern. In the example of FIG. 3C, antenna 52, in this case
a Straight dipole antenna, is located on narrow Surface 97
together with IC56. Battery 60 is located on surface 98 and
interconnected to the IC. In other embodiments, the IC may
be separate from the antenna and located on the same Surface
as the battery.
O157. In some embodiments, part of the tracked object
can be made from a Suitable material, which can function as

antenna 52 or part thereof. In one non-limiting example, part
of a metallic crate, to which transponder 28 is attached, can
be used as a radiating element or as a ground plane of the
antenna.

Backscatter Modulation

0.161 Transponder 28 uses backscatter modulation for
modulating the code onto the backScattered radiation trans
mitted to the reader. The ratio between the total RF power

(of the interrogation radiation) irradiated onto antenna 52

and the total RF power that is backscattered from antenna 52

is referred to as the Radar Cross-Section (RCS) of antenna
52.

0162 Modulator 68 of transponder 28 may receive from
control module 64 a Serial binary Sequence, representing the
information that is intended to be transmitted to the reader.

The modulator modulates the RCS of antenna 52 respon
Sively to this binary Sequence. As a result, the amplitude of
the backScattered radiation is modulated accordingly. Any
Suitable bit rate can be used when modulating the antenna
RCS. For example, the EPCglobal specification cited above
defines bit rates in the range of 40-640 kbps for the link from
the transponder to the reader. Other applications use lower
bit rates, in the range of about 1-3 kbps. Alternatively, any
other Suitable bit rate can be used.

0163 AS will be explained in detail below, control mod
ule 64 and modulator 68 are typically inactivated when
interrogation radiation is not Sensed by the transponder. In
particular, backScatter modulation is performed only when
the interrogation radiation is present. Reader 32 receives the

0158 When designing antenna 52 of transponder 28, it is
typically desirable that the antenna radiation pattern be as
close as possible to a spherical pattern. A spherical radiation
pattern enables the reader to communicate with the tran
sponder from any direction, within the Specified communi
cation range. In Some embodiments, antenna 52 is orienta
tion insensitive, Such that it can operate in any position

backScatter-modulated radiation, demodulates and extracts

relative to the direction of the reader antenna. Nulls in the

antenna RCS. In alternative embodiments, the modulator
can modulate the antenna RCS with more than two values,

antenna radiation pattern typically cause “dead angles, in
which the communication range between the reader and the
transponder is Significantly reduced. In Some embodiments,
antenna 52 is optimized to provide a maximum RCS and a

maximum modulation depth (ARCS) during backscatter
modulation, as described hereinbelow.

0159 FIG. 4A is a diagram that schematically illustrates
a 3-D radiation pattern 100 of antenna 52, in accordance
with an embodiment of the present invention. The figure
plots the radiation pattern of the monopole antenna illus
trated in FIG. 3B above. For each angular direction in 3-D
Space, the plot shows the achievable reading range between
reader 32 and transponder 28. In many practical implemen
tations, a true Spherical radiation pattern is difficult to
achieve and often results in a significant loSS of gain. In
Some embodiments, a doughnut-shaped pattern, Such as
pattern 100, is typically considered a good approximation.
0160 FIG. 4B is a graph that schematically illustrates
coverage of the monopole antenna, in accordance with an
embodiment of the present invention. A plot 102 shows the
percentage of 3-D angles that are covered by the radiation
pattern of FIG. 4A, per each communication range. For
example, at a communication range of 6.7 m, 95% of the 3-D
angles are covered. In other words, when the distance
between reader 32 and transponder 28 is 6.7 meters, com
munication will be available at 95% of the possible reader
directions. At a distance of 19.3 meters, approximately 30%
of the directions are covered.

the code, and forwards the information to processing unit 36.
0164. Typically, modulator 68 Switches the RCS between
two values, referred to as “RCS high” and “RCS low.”
corresponding to the 1s and 0's of the binary Sequence that
represents the code. Typically, modulator 68 uses binary

amplitude shift keying (ASK) to modulate the value of the
Such as using quaternary-ASK modulation.
01.65 When transponder 28 performs backscatter modu
lation, only the energy of the interrogation radiation is used
for generating the backScattered radiation. In particular,
transponder 28 uses the electrical power of battery 60
merely for modulating the antenna RCS, and not for gen
erating the energy required for backScattering, thus extend
ing the lifetime of the battery and of the transponder.
0166 Typically, modulator 68 varies the RCS of antenna
52 by varying the impedance at feed-point 92. A first
impedance value is Set, So that the amount of power that is
backScattered from the antenna is minimized, thus providing
the “RCS low” state. A second impedance value is set, so as
to maximize the power that is backScattered by the antenna,
thereby producing the “RCS high” state. In one embodi
ment, the modulator provides the “RCS high” state by
producing an open circuit at the antenna terminals. The open
circuit condition causes Substantially all of the power of the
interrogation radiation received by the antenna to be back
Scattered. Therefore, the communication range between the
transponder and the reader is maximized.
0.167 Controlling the impedance at the feed-point of
antenna 52 enables the modulator to control the absolute

RCS values of the antenna, as well as the ratio between

“RCS high” and “RCS low” values. This ratio is denoted
ARCS, sometimes also referred to as the modulation depth.
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0.168. In some embodiments, the antenna and the modu
lator are jointly designed So as to comply with two condi
tions Simultaneously. Maximizing the amount of backScat

tered power (also referred to as a “backscatter gain” or
“backscatter value”) in the “RCS high” state causes a

maximization of the transponder communication range. At
the same time, maximization of the modulation depth

(ARCS) enables the reader to differentiate between trans

mitted 1s and 0's, so as to reliably demodulate the code
from the backScattered radiation. Typically, the antenna can
be optimized for maximum RCS and ARCS only within the
geometrical constraints and available size in transponder 28.
0169. In some passive and battery-assisted transponders
described in the background art that use interrogation radia
tion power for operating the transponder, the circuitry that
interfaces to the antenna also comprises means for rectifying
or otherwise drawing energy from the interrogation radia
tion. In other words, the antenna is loaded by the transponder
power Supply or energy conversion circuitry. Such energy
conversion circuitry typically introduces additional parallel
resistance and capacitance across the antenna, which Sig
nificantly reduce the antenna's backScattering performance.
Transponder 28, on the other hand, does not draw power
from antenna 52 for powering the IC. Therefore, antenna 52
and its matching can be optimized for maximum backScat
tering efficiency and modulation depth without Such addi
tional constraints.

0170 In some embodiments, the backscattering effi
ciency of transponder 28 is typically higher than 75%, and
in many cases higher than 95%. The backscattering effi
ciency is defined as the ratio between the total power that is
backScattered from the antenna and the total power of the
interrogation radiation that is received by the antenna. In
other words, a backscattering efficiency of 95% means that
5% of the power of the interrogation radiation received by
the antenna is unavailable for backscattering, and 95% of the
received power is backScattered.
0171 In some embodiments, the modulator comprises a
Solid-State Switch, which is operatively coupled to the
antenna terminals, typically at or near feed point 92. The
Switch changes the value of the impedance that loads
antenna 52 at the antenna feed-point, thus modulating the
RCS of the antenna, as explained above.
0172 Switch 82 may comprise a field-effect transistor
(FET), a Gallium-Arsenide switch, a PIN-diode switch, or a
Switch produced using any other Suitable Switching technol
ogy. The Switching time of the Switch is typically below 50
ns. In Some cases, a high RCS can be produced by making
the input impedance of the IC a low real load (i.e., a low
resistance). A low RCS can typically be obtained by loading
the antenna with a real (resistive) load that is matched to the
impedance of the antenna. It should be noted, however, that
the physical size of the antenna has a major effect on the
achievable RCS values. Exemplary impedance values for
Switch 82 are as follows:

RCS high
Resistance

Parallel capacitance

s10

s1 pF

RCS low
21OOO

s0.25 pF

0173 ASSuming a half-wavelength antenna, Such imped
ance values cause “RCS high” and “RCS low values of

approximately -1 dB and approximately -20 dB, respec
tively. Alternatively, any other Suitable impedance values
can be used.

0.174 Considering the radiation pattern of antenna 52, the
“RCS high” and “RCS low' backscatter modulation states
cause antenna 52 to have two different backScatter values in

any angular direction. The communication range between
transponder 28 and reader 32 typically varies with the
azimuth and elevation angle of the reader relative to the
transponder antenna.
0175 FIGS. 5A-5C are graphs that schematically illus
trate “RCS high” and “RCS low” backscatter values of
RFID transponder antennas as a function of frequency, in
accordance with embodiments of the present invention.
FIG. 5A shows the backscatter values of bent dipole antenna

90 shown in FIG. 3A above (with 42 mm bent tips). A plot
106 shows the backscatter value of dipole 90 in the “RCS
high State, plotted as a function of frequency. The back
Scatter value is expressed in dBi, or dB compared to an ideal
isotropic radiator. A plot 108 shows the backscatter value of
the same dipole antenna, when Switched to the “RCS low”
state by the modulator. In examining plot 106 it can be seen
that the antenna and its matching are designed So that the
backscatter gain in the “RCS high” state is maximized at the
operating frequency of 900 MHz, being approximately -7.5

dB. In plots 106 and 108 it can be seen that ARCS (the
difference between the values of plot 106 and plot 108 at a
particular frequency) is also maximized at 900 MHz, being

approximately 4 dB.
0176 FIG. 5B shows the backscatter value of bent dipole
antenna 90 with 67 mm bent tips. A plot 110 shows the
backscatter value of the antenna in the “RCS high” state, and
a plot 112 shows the backscatter value in the “RCS low”
State. Again, the gains are plotted as a function of frequency
and expressed in dBi. As in FIG. 5A, it can be seen that the
backscatter value in the “RCS high” state is maximized at
900 MHz, being approximately -12 dB. The value of ARCS
is also maximized at 900 MHz, being approximately 6 dB.
0177 FIG. 5C shows the backscatter value of the mono
pole antenna shown in FIG. 3B above. A plot 114 shows the
backscatter value of the monopole antenna in the “RCS
high” state, and a plot 116 shows the backscatter value in the
“RCS low” state. Both ARCS and the backscatter value in

the “RCS high” state are maximized at 900 MHz, being
approximately -8 dBi and 7.5 dB, respectively.
Operational Modes and Energy Saving
0178 FIGS. 6A and 6B are flow charts that schemati
cally illustrate methods for communicating between reader
32 and RFID transponder 28, in accordance with embodi
ments of the present invention. Transponder 28, as part of
RFID System 20, can operate in various operating modes and
Sequences. The operating modes may be defined, for
example, by the particular protocol or Standard used by
system 20, such as the EPCglobal standard cited above. The
Specific Set of operating modes used by transponder 28, as
well as the various triggerS or conditions for transitions
between modes, are typically defined in control module 64
and in energy saving module 70 in IC 56.
0179 Although FIGS. 6A and 6B below describe two
possible Sets of operating modes, these are shown purely as
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clarifying examples. Many other mode definitions and
Sequences can be implemented in transponder 28 and in
System 20 in general. Such definitions will be apparent to
those skilled in the art and are considered to be within the

scope of the present invention. In particular, FIGS. 6A and
6B Serve to demonstrate the operation of energy Saving
module 70 in IC 56. For each operating mode defined for
transponder 28, module 70 activates only the required hard
ware functions of transponder 28, So as to minimize the
current drawn from battery 60.
0180 Energy saving module 70 also comprises timeout
timers that determine maximum time durations that the

transponder is allowed to Stay in for each operational mode.
These timers typically expire under abnormal operating
conditions, Such as when communication failures occur.

Typically, when a timeout condition expires, the transponder
returns to a “Sleep mode,” which consumes little current
from battery 60. The use of timeout conditions thus further
extends the lifetime of battery 60. The timeout mechanisms
can be implemented in hardware, Software or a combination
of both. Since in some operational modes control module 64
is disabled, timeouts that are associated with Such opera
tional modes are typically implemented in hardware.
0181 Generally speaking, transponder 28 and reader 32
can be operated in two different regimes or protocols,

referred to as Transponder-Talks-First (TTF) and Reader
Talks-First (RTF). In TTF operation, when the transponder

Senses the presence of the interrogation radiation, it begins
to transmit its code, typically at random intervals. In RTF

operation (Sometimes referred to as Interrogator-TalkS-First,
or ITF), the reader has to explicitly instruct the transponder

to transmit its code, as part of the interrogation process.
0182 FIG. 6A shows a method that is typical of TTF
operation. The method begins with transponder 28 in a
“sleep mode,” at a standby step 120. The transponder
continually checks for the presence of interrogation radia
tion, at a detection step 118 and a reader detection step 119.
Until Such presence is detected, the transponder remains in
Sleep mode. Typically, when in Sleep mode, energy Saving
module 70 activates only minimal hardware functions and
draws minimal current from battery 60. For details regarding
the different energy Saving States and the operation of
module 70, see FIG. 7 below. In some embodiments, in

which the transponder comprises RTC 74, RTC 74 can be
energized at all times by the transponder battery, even when
the transponder is in Sleep mode.
0183 In some embodiments, the RF detector in detector/
demodulator 62 is configured to distinguish between noise
and TEM radiation. By detection, distinction and level
measurement of noise and Signal, the RF detector can readily
facilitate changing its detection Sensitivity accordingly, Such
as changing a signal detection reference level in relation to
the noise. AS Such, the RF detector ensures that the device

will not be operated by the noise and avoids unnecessary
drawing of energy from battery 60.
0184. When interrogation radiation is detected at step
119, the transponder can enter a Semi-active mode, at a Semi
active operation Step 121. The transponder can check
whether a Semi-active timeout expires, at a Semi-active
expiry Step 122. If the timeout expires, the transponder can
return to sleep mode at step 120.
0185. After entering the semi-active mode, the transpon
der can activate read memory Section 67 in memory 66, at
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a read activation Step 123. The read memory is activated to
allow the transponder to read its code from memory 66. The
transponder can read the code from memory 66 and can
transmit it to the reader using backScatter modulation, at a
code transmission Step 124. Typically, the transponder
repeats transmitting the code at random or pseudo random
intervals, to avoid collision with transmissions from other

transponders. Alternatively, any other Suitable anti-collision
protocol may be adopted by the transponder. Module 70
comprises a code transmission timeout counter that deter

mines the maximum time interval or the maximum number

of repetitions for transmitting the code. Once the code
transmission timeout expires, the transponder can return to
sleep mode at step 120.
0186. After transmitting its code to the reader, the tran
sponder can check for incoming interrogation data from the
reader, at a data checking Step 125. If Such data exists, the
transponder can receive the interrogation data, at an inter
rogation reception Step 126. The interrogation data may
comprise incoming data to be written to memory 66, or
commands affecting the operation of the transponder.
0187. The transponder can check whether the interroga
tion data comprises a “go to Sleep' command, at a sleep
checking Step 127. If instructed to go to sleep, the transpon
der can return to Step 120. The transponder can check
whether the interrogation data comprises a message

acknowledging the reception (ACK) of the code by the
reader and completion of the transponder's function (also
referred to as an "ID validated” message), at a code valida

tion checking Step 128. If Such a command is received, the
transponder can continue to decode the interrogation data at
step 126.
0188 Otherwise, the transponder can check whether the
interrogation data comprises a “write' command, at a write
checking Step 129. If a write command is detected, and a
write mode timeout is not expired, the transponder can
activate write memory section 69 in memory 66, at a write
activation Step 132. The transponder can check for Subse
quent data transmitted from the reader, at a data checking
step 130. If such data is received, the transponder can write
the data into memory 66, at a writing step 133. Then, the
transponder can return to sleep mode at Step 120. The write
mode timeout timer, checked at a write mode checking Step
131, can limit the write mode duration in case of commu
nication failure.

0189 If no data is detected, the transponder can return to
Step 124 and can continue to transmit its code and check for
data or commands, until the Semi-active mode timeout at

module 70 expires. Then, the transponder can return to sleep
mode at step 120.
0190 FIG. 6B shows an alternative method, which is
typical of RTF operation. A basic difference between TTF
and RTF operation is that in RTF, once the presence of a
reader has been detected, the transponder begins to listen to
the reader and check for data or commands.

0191 The method begins with transponder 28 in “sleep
mode,” at standby step 120. Once a reader is detected at
reader detection Step 119, the transponder can enter the
Semi-active mode at Semi-active operation Step 121. If the
Semi-active mode timeout expires, as checked by Semi
active expiry Step 122, the transponder can return to Sleep
mode at step 120.
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0.192 Otherwise, the transponder can begin to receive
and decode the interrogation data transmitted by the reader,
at a decoding Step 134. If the received interrogation data
comprises a “go to Sleep' command, as checked by a sleep
checking Step 135, the transponder can return to sleep mode
at step 120. Otherwise, the transponder can check whether
the interrogation data comprises a “read” command, at a
read checking step 136. If a “read” command is received, the
transponder can check whether the read command is
addressed to it, or to its group, at an address checking Step

0198 Energy saving module 70 can check the status of
battery 60 using battery status indicator 72 and can forward

137. If the received “read” command is not addressed to the

0199 FIGS. 6A and 6B show exemplary operational
sequences typical of TTF and RTF operation, respectively.
In Some alternative embodiments, the transponder can use a
unified operational sequence, Suitable for both TTF and RTF
operation. In Such embodiments, after detecting the presence
of a reader, the transponder typically checks whether the
desired mode or operation, as indicated by the reader, is RTF
or TTF, and performs the appropriate operational Sequence.
0200. In some embodiments, battery status indicator 130

Specific transponder 28 or its group, it can return to decoding
Step 134 and can continue to decode the interrogation data.
0193 If the “read” command is appropriately addressed
to the Specific transponder or to its group, the transponder
can verify that a read mode timeout in module 70 is not
expired, at a read mode expiry checking Step 138. If expired,
the transponder can return to sleep mode at Step 120.
Otherwise, the transponder can activate read memory Sec
tion 67 of memory 66 and can read the code from it, at a
reading step 139. The transponder can then transmit the code
using backScatter modulation to the reader, at a code trans
mission Step 140. Following Sending the code, the transpon
der can return to Step 134 and can continue to decode the
incoming interrogation data.
0194 The transponder can check whether the interroga

tion data comprises an acknowledgement (an "ID received
and validated”) message, at a validation checking step 141.

If Such a command is received, the transponder can continue
to decode the interrogation data at Step 134.
0.195 The transponder can then check whether the inter
rogation data comprises a “write' command, at a write
checking Step 142. If a write command is detected, and a
write mode timeout is not expired, the transponder can
activate write memory section 69 in memory 66, at a write
activation Step 144. The transponder can check for Subse
quent data transmitted from the reader, at a data checking
Step 146. If Such data is received, the transponder can write
the data into memory 66, at a writing step 145. Then, the
transponder can return to sleep mode at Step 120. The write
mode timeout timer, checked at a write mode checking Step
143, can limit the write mode duration in case of commu
nication failure.

0196. If no data is detected, the transponder can return to
Step 134 and continue to check for and decode the interro
gation data, until the Semi-active mode timeout at module 70
expires. Then, the transponder can return to sleep mode at
step 120.
0197). In some embodiments, IC 56 has a fallback mode
of operation, in which the transponder can operate Similarly
to a passive transponder when battery 60 is unable to Supply
Sufficient power for powering the IC. In these embodiments,
the IC can comprise an energy conversion circuit 63 com
prising a rectifier, a capacitor or Similar energy conversion
and/or Storage circuitry for drawing energy from the inter
rogation radiation. IC 56 typically comprises one or more
Switches for Switching energy conversion circuit 63 on and
off as needed. (AS noted above, the energy conversion circuit
typically reduces the backScatter efficiency of antenna 52.
Therefore, it is often desirable to Switch the circuit off under

normal battery-assisted operation and use it only when the

battery is not used.)

this data to control module 64. If indicator 72 senses that the

battery has insufficient power, for example by Sensing that
the battery Voltage drops below a predetermined threshold,
module 70 can switch on the energy conversion circuit. This
feature enables transponder 28 to continue operating as a
passive backScatter transponder, although typically with a
reduced communication range, long after battery 60 is
exhausted.

can include a built in test (BIT) or alternatively BIT can be

a separate component. The battery Status includes, but it not
limited to built-in test parameters and battery low warning.
Built-in test parameters can include, but are not limited to,
“battery good” indication, “battery low” indication, “battery
needs to be replaced' indication, estimated and calculated
number of possible operations with battery, and combina
tions thereof. In Some embodiments, transmission of the

battery Status is performed with every transmission of tran
sponder 28, as part of the code. Alternatively, the battery
Status is transmitted upon request by reader 32.
0201 In some scenarios, the interrogation radiation has
excess power, above the power that is required for reliably
communicating with the reader. Such a condition may occur,
for example, when the distance between the reader and the
transponder is Small. In Some embodiments, when the inter
rogation radiation has exceSS power, energy conversion
circuit 63 can draw some or all of the excess power from the
interrogation radiation. The transponder may, for example,
use the excess power for powering IC 56 in parallel with
battery 60. Additionally or alternatively, the transponder can
charge battery 60 using the exceSS power. Further addition
ally or alternatively, the transponder can make any other
Suitable use of the excess power of the interrogation radia
tion.

0202) It should be stressed, however, that when using the
power of the interrogation radiation, first priority is typically
given to maximization of the communication range between
the reader and the transponder at a specified communication
reliability. Exploiting the excess power is thus restricted to
cases, in which the transponder communication range and
communication reliability are not compromised.
Energy Saving In RTF Operation
0203 When transponder 28 operates in RTF mode, as
required, for example, by the EPCglobal standards cited
above, there is a particular need for efficient energy Saving.
The RTF protocol requires the transponder to continuously
listen and check for data and commands whenever interro

gation radiation is Sensed. Since typical RFID Systems
contain multiple transponders and Sometimes multiple read
ers, a particular transponder may sense interrogation radia
tion for a significant percentage of the time. The majority of
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these interrogations are typically intended for other tran
sponders. If the transponder were to fully activate its cir
cuitry whenever interrogation radiation is present, its battery
life would be significantly reduced.
0204 Energy saving module 70 in transponder 28 is
particularly suitable for operating in RTF mode and enables
a significant extension of the lifetime of battery 60. In
principle, once interrogation radiation is Sensed by the
transponder, the transponder analyzes the radiation in order
to determine whether or not the radiation is relevant to it.

Module 70 progressively activates components of the tran
sponder, So that only the minimal current is drawn from
battery 60 during the analysis process. Once the radiation is

determined to be relevant (e.g., a valid interrogation radia
tion and not noise or interference, or a radiation addressed

to this specific transponder), module 70 can enable the

transponder to transmit the backScattered radiation or oth
erwise react to the interrogation radiation.
0205. In some embodiments, several power saving states
are defined in module 70. Each operational mode of the
transponder, such as the different modes described in FIGS.
6A and 6B above, is associated with a particular energy
Saving State. Using the different energy Saving States, mod
ule 70 activates and deactivates the minimal number of

hardware functions, as required by each operational mode.
In an exemplary embodiment, five different power manage
ment states are defined in module 70, in accordance with the

following table:

A.

Typical

Functionality

Active hardware

Check for

RF detector in

presence of

detector/demodulator

interrogation

62

current

<0.25 uA

radiation power
B

C

D

Search for

Detectorfdemodulator

preamble in

62, preamble

interrogation

identifier in module

radiation

64

Decode

Same as in B above,

interrogation

plus a command

data and

identifier in module

COaCS

64

Read mode

Same as C above,

(operate full
logic and read

plus module 64 and
read memory in

code from

memory 66

Write mode

from battery 60 is typically below 3 uA at 1.5 volts. State
240 thus enables Screening many false alarm events while
drawing minimal current from the battery.
0209. Once a valid pattern is detected, transponder 28 can
demodulate the preamble of the interrogation radiation and
can check for Specific addressing, in an address verification
State 242. The purpose of State 242 is to Screen out interro
gations that are not addressed to this specific transponder,
and thus should be ignored. In state 242, module 70 is in
energy Saving State C and the current drawn from battery 60
is typically below 5 uA at 1.5 volts. If Specific addressing is
not detected within a predetermined timeout interval, the
transponder can return to State 240.
0210. Once the interrogation is found to be addressed to
the Specific transponder, module 70 can activate the hard
ware necessary for demodulating the full interrogation data,
and can receive the data in an interrogation demodulation
state 244. In state 244, module 70 is in energy saving state
D and the current drawn from battery 60 is typically below
10 uA at 1.5 volts.

Same as D above,

described above, state 244 is reached only when it is assured
that a valid interrogation radiation that is intended for the
Specific transponder is being received. Therefore, the use of
this State machine mechanism reduces significantly the
average current drawn from battery 60 in RTF operation.
0212. In some embodiments, transponder 28 can also
change its operational mode in response to predetermined

<3 uA

timeout conditions. Such conditions are evaluated and acti

<5 uA

vated by energy saving module 70. For example:
0213 If interrogation radiation is detected for a prede

<10 itA

memory)
E

state B (as defined in the table above) and the current drawn

0211 AS can be appreciated from the mechanism

Energy saving Transponder
State

mined data pattern in the interrogation radiation, in a pattern
checking state 240. The purpose of step 240 is to avoid
activating unnecessary hardware components until it is
Verified that the Sensed energy originates from a valid
interrogation radiation of a reader and not from noise or
interference. In state 240, module 70 is in energy saving

<15 itA

(operate full
plus write memory in
logic and write memory 66
data to memory)

0206 FIG. 7 is a state diagram that schematically illus
trates an exemplary mechanism for energy Saving, carried
out by module 70 in RTF mode, in accordance with an
embodiment of the present invention.
0207. The mechanism of FIG. 7 is invoked when tran
sponder 28 Senses the presence of interrogation radiation.
This mechanism can be invoked, for example, after reader
detection step 119 in the method of FIG. 6B above and can
replace steps 119-134 of this method.
0208 Following detection of the interrogation radiation,
transponder 28 can check for the existence of a predeter

termined duration of time, but within this time duration no

pattern is detected, the transponder can regard the detected
energy as noise or interference. Following Such an event,
module 70 may force the transponder to ignore Subsequent
interrogation detections for a predetermined time interval.
0214) If a pattern is detected but no addressing to the
Specific transponder is detected within a predetermined
duration of time, module 70 may force the transponder to
ignore Subsequent interrogation detections for a predeter
mined time interval.

0215. Following a successful interrogation and data
eXchange between the transponder and the reader, the tran
sponder may conclude that the reader is not likely to
interrogate it again for a certain period of time. In Such case,
module 70 forces the transponder to ignore Subsequent
interrogation detections for a predetermined time interval

following a Successful interrogation. (This condition dem
onstrates that in Some cases, timeout conditions can use

knowledge of the specific RTF protocol used, in order to

Save battery energy.)
0216 By using timeout conditions, the transponder is
able to spend a higher percentage of the time in States that
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consume less power, thus reducing the average power con
Sumption from battery 60. Combining the timeout condi
tions with the state machine mechanism shown in FIG. 7

above, the average current consumption from battery 60 is
Significantly reduced. The lower energy consumption can be
used to extend the lifetime of the transponder, or to reduce
the size of battery 60 and further miniaturize the transpon
der.

RFID Transponder Mechanical Structure
0217 FIG. 8 is a schematic exploded view of RFID
transponder 28, in accordance with an embodiment of the
present invention. In this example, transponder 28 takes the
form of a thin and flexible label. In one non-limiting
example, the label has a size of approximately 3 by 5 inches
and the label is less than 1 mm thick. The Same basic design
Structure can be used in different forms and sizes of battery
assisted RFID transponders. The upper side of FIG. 8
corresponds to the side of the label that is attached to the
tracked object.
0218. The figure shows substrate 48, which can option
ally be any suitable substrate as described hereinabove. In
Some embodiments, Substrate is polyester, Such as but not
limited to polyester 75 micron. Antenna 52 is deposited on
substrate 48. The antenna in this example is the monopole
antenna shown in FIG. 3B, which is printed as a metallic
layer on Substrate 48. Both active element 94 and ground
plane 96 can be clearly seen in the figure. In addition to the
antenna, the printed metallic layer comprises conductors that
interconnect IC 56 with battery 60 and antenna 52 once they
are attached to the substrate. Battery 60, in this case a Power
Paper(R) battery type STD-3 or STD-4, is attached in a
suitable location on top of ground plane 96. The battery
terminals are connected to the printed conductors by a
Suitable connection means, Such as by using a Suitable
electrically-conductive adhesive 185. IC 56 is attached in a
Suitable location on the Substrate and interconnected with

the battery and the antenna.
0219. The Substrate and the components mounted on it
are attached to a liner 186, Such as but not limited to a

Silicone liner, using for example a double-sided adhesive
187. When attaching transponder 28 to package 24 or other
tracked object, the Silicone liner can be peeled off, and the
transponder attached to the object using the double-sided
adhesive.

0220. A front liner 188 is attached to the bottom side of
surface 48. In some embodiments, the front liner comprises
adhesive polyethylene, a Suitable double-sided adhesive
tape. Alternatively, any other Suitable liner can be used. In
Some embodiments, a graphic label 189 can be attached to
the front liner. Label 189 may comprise any relevant textual
or graphical information, Such as a company logo or a
bar-code.

0221) In some embodiments, additional layers, such as
adhesive layers (not shown in figure) are applied, which are

configured to facilitate uniform thickness of the transponder
label.

0222. In an alternative embodiment, release liner 186 can
be disposed on the distal side of substrate 48. However, this
configuration is not always Suitable due to the proximity of
antenna 52 to the packaging of the tracked object.
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0223) The resulting transponder structure is small, flat
and flexible, enabling it to easily attach to different objects
and to conform to the shape of the object. In sufficiently
large Volumes, Such label is low-cost and can be disposed of
after use.

0224 FIG. 9 is a flow chart that schematically illustrates
a method for producing RFID transponder 28, in accordance
with an embodiment of the present invention. A substrate 48
is provided, at a substrate provisioning step 190. Substrate
48 can typically be made of a material Such as polyester or
paper. Other examples of Substrate materials include woven
materials, non-woven materials, polymers, conducting
materials, non-conducting materials, cardboard, plastic, Syn
thetic materials, natural materials, fabrics, metals, wood,

glass, Perspex, a combination thereof or any other Suitable
material.

0225 Optionally, substrate 48 can be made up of a
plurality of Substrate base layers that are Stacked or con
nected in a co-planar way by any Suitable attachment
methodology. In an embodiment, in which substrate 48
comprises a plurality of base layers, each of the antenna, IC
and battery can optionally be attached to a different Substrate
base layer. Optionally, Substrate 48 can be of any suitable
size, shape or color.
0226. In one embodiment, substrate 48 can be made
integral with the tracked object or its packaging. For
example, Substrate 48 can be made an integral part of a
cardboard box, wooden crate, metal crate, plastic box, metal
can, car, etc. In Such a way, transponder 28 can be produced
directly onto an end-product material, which can then
optionally be further processed to form the tracked object or
its packaging. This embodiment facilitates an integrated
RFID transponder.
0227. In some embodiments, substrate 48 can be imple
mented to comprise a Suitable attachment means, which
readily facilitate attaching transponder 28 to the tracked
object or its packaging. The attachment means may com
prise but are not limited to, adhesive, Self adhesive label,

hook and loop fastening Systems (Such as Velcro (E), mag

netic attachment, Suction attachment, ties and combinations
thereof.

0228 Antenna 52 is deposited onto substrate 48, at an
antenna deposition Step 192. The antenna may be deposited
using a thick-film deposition method, an etching process, by
attaching a metallic foil or template cut to the appropriate
shape, by printing a Suitable electrically-conductive ink,
using a vaporization method, or using any other Suitable
deposition method. In Some embodiments, antenna 52 is
deposited on the Substrate using a Suitable printed circuit

board (PCB) manufacturing process. In these embodiments,

substrate 48 comprises a suitable PCB material with a
metallic layer disposed thereon.
0229 IC56 is placed on substrate 48, at an IC placement
step 194. The IC may be soldered, glued or otherwise
attached to the Substrate using any other Suitable means. In
one embodiment, the IC is interconnected with conductors

disposed on the Substrate using "flip-chip” technology, as is
known in the art. In this embodiment, the flip-chip inter

connections function as the mechanical attachment means as

well. The conductors may be deposited on the substrate
together with the antenna at step 192. Typically, the location
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of the IC is chosen to be as close as possible to feed point
92 of antenna 52, So as to maintain the desired impedance
match or mismatch and to minimize signal losses.
0230. In an alternative embodiment, IC 56 may comprise
an organic polymer electronic chip, as known in the art.
Such a polymer chip is printable and can be printed directly
on substrate 48. The use of such a chip can facilitate
production of a fully printable transponder, in which the
battery, connectors, antenna and chip can be printed onto the
Substrate.

0231. In still a further alternative embodiment, a plurality
of discrete components can be used instead of IC 56. Such
discrete components can preferably be produced using a
printing technology and can be printed on Substrate 48. The
printable discrete components can facilitate production of a
fully printable transponder.
0232 Battery 60 is applied to substrate 48, at a battery
application step 196. The battery can be mechanically
attached to the Substrate at any Suitable location and using
any Suitable attachment means, Such as gluing, crimping or
soldering. In some embodiments, the location of battery 60
is chosen So as to minimize interference with the radiation

pattern of antenna 52. For example, in the mechanical
configuration shown in FIG. 8 above, the battery is attached
over the area of ground plane 96, So as to minimize the effect
on the radiation pattern of the monopole antenna.

0233. In some embodiments, when battery 60 comprises
a thin and flexible battery such as the Power Paper batteries
described above, the different layers of battery 60 can be
deposited or printed on Substrate 48 as an integral part of the
transponder production process. In one exemplary embodi
ment, Substrate 48 of the transponder serves as the substrate
for one of the electrodes of battery 60, and another substrate
is used for the Second electrode. An exemplary battery and
a method for producing such a battery are shown in FIGS.
10A and 10B below. Alternatively, a thin and flexible battery
can be assembled Separately and then attached to Substrate
48.

0234. In one optional embodiment, part of the battery
may be used as part of or in place of antenna 52. For
example, the conductive material of one or both of the
battery electrode layers can function as part of the antenna.
0235 Having deposited the antenna, IC and battery on
the Substrate, the three components are interconnected, at an
interconnection step 198. Interconnection of the IC may use
any Suitable IC interconnection means, Such as “flip-chip'
methods and wire bonding. Battery 60 can be interconnected
with the other transponder components by direct Soldering,
using PCB conductors or using any other Suitable connec
tion means.

0236. In some embodiments, the transponder is activated
and tested as Soon as the antenna, IC and battery are
interconnected, at a testing Step 200.
0237 Optionally, additional layers are added to the tran
sponder, at a packaging Step 202. For example, top and
bottom liners can be added in order to improve the mechani
cal durability of the transponder and to facilitate the attach
ment of the transponder to the tracked object. In Some
embodiments, an additional layer is applied underneath
Substrate 48, in order to introduce additional Separation
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between antenna 52 and the surface of the tracked object.
This added Separation may be needed, for example, when
the tracked object is metallic, for reducing interference from
the tracked object to the radiation pattern of the antenna. In
Some cases, an external lamination is applied to the tran
sponder. Additional items. Such as a bar-code or graphical
label can also be added at this stage.
0238 Optionally, the code is written into memory 66 of
the transponder, at an ID writing step 204. Alternatively, the
code may be pre-programmed into the memory or Stored in
the memory at a later Stage.
0239) Note that steps 190-204 above can be executed in
different orders. For example, when battery 60 is fabricated
as part of the transponder production process, Step 196 is
inherently simultaneous with step 198. As another example,
testing Step 200 can also be executed after packaging Step
202, when the transponder is fully assembled.
0240. In some embodiments, transponder 28 is particu
larly Suitable for manufacturing using a continuous, fully
automated, printing, drying and laminating process. In Some
embodiments, a roll-to-roll process, is used. Such a roll-to
roll process is capable of efficiently mass-producing tran
sponders 28. The method described by steps 190-204 above
can be readily adapted to different transponder configura
tions and to different manufacturing Volumes and technolo
gIeS.

0241 FIG. 10A is a schematic exploded view of a
printed battery, in accordance with an embodiment of the
present invention. The printed battery of FIG. 10A is a thin
and flexible 1.5 V cell, which can be used as battery 60 of
transponder 28. Some of the battery elements are printed
using certain inks having the desired chemical composition.
Similar batteries and production methods are also described
in detail in U.S. Pat. Nos. 5,652,043, 5,897,522 and 5,811,
204 cited above.

0242. In this embodiment, battery 60 comprises two
current collectors 205 applied to substrates 206. An anode
layer 207 is applied to one current collector and a cathode
layer 208 is applied to the other current collector. An
electrolyte 209 is applied to anode layer 207, to cathode
layer 208, or to both. A separator layer 210 is inserted
between the anode and cathode layers.
0243 FIG. 10B is a flow chart that schematically illus
trates an exemplary method for producing battery 60 of FIG.
10A, in accordance with an embodiment of the present
invention. The method described below can be used to

implement battery application step 196 of the transponder
production method of FIG. 9 above. In some embodiments,
the battery is manufactured Separately and then integrated
into the transponder. In other embodiments, the battery is
printed and fabricated on the same SubStrate as transponder
28, as an integral part of the transponder production method.
0244. The method comprises printing current collectors
205, at a current collector printing step 211. Typically, two
current collectors are printed, one for collecting the anode
current and one for collecting the cathode current. The
collectors are printed on Suitable Substrates 206, Such as

polyester substrates. (When the battery is printed as part of
the transponder production process, Substrate 48 of the

transponder can serve as one of Substrates 206.) In Some

embodiments, the current collectors comprise a layer of
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current collector ink, for example Current Collector Ink
2501, P/N 0002.25.01, produced by Power Paper Ltd. The
current collectors are typically dried after printing using
Suitable drying means, Such as an oven.
0245) Anode layer 207 and cathode layer 208 are printed
on top of the current collectors, at an electrode printing Step
212. Anode layer 207 typically comprises a suitable anode
ink, for example a Zinc anode ink Such as Anode Ink 2101,
P/N 0002.21.01, produced by Power Paper Ltd. Cathode
layer 208 typically comprises a suitable cathode ink, for

example a manganese dioxide (MnO2) ink Such as Cathode
Ink 2201, P/N 0002.22.01, produced by Power Paper Ltd.
After printing, the anode and cathode layers are typically
dried after printing using Suitable drying means, Such as an
OVC.

0246 Electrolyte 209 is applied by any suitable means at
an electrolyte applying Step 214. The electrolyte can be
applied to anode layer 207, to cathode layer 208, or to both.
In Some embodiments, particularly when a Stencil printing
proceSS is used, electrolyte 209 may comprise an electrolyte
ink such as Electrolyte 2301, P/N 0002.23.01, produced by
Power Paper Ltd. In other embodiments, particularly when
a Screen printing process is used, electrolyte 209 may
comprise an electrolyte ink such as SPElectrolyte 2302, P/N
0002.23.02, produced by Power Paper Ltd. In some embodi
ments, electrolyte layer 208 comprises zinc chloride. Alter
natively, any other Suitable electrolyte material can be used.
0247 Separator layer 210 is placed on top of the elec
trolyte layer of either the anode layerS or cathode layers, at
a separator insertion Step 216. The Separator layer Separates
the anode layer from the cathode layer, while allowing ion
conductivity between the electrodes. Typically, the Separator
layer comprises a porous insoluble Substance, Such as, but
not limited to, filter paper, plastic membrane, cellulose
membrane, cloth or non-woven material (e.g., cotton fibers).
0248. In an alternative embodiment, separator layer 210
can Self-form as a result of a reaction and/or an interaction

between materials in the two electrolyte layers.
0249. The battery is assembled at a cell assembly step
218. In Some embodiments, this Step can include applying an
adhesive frame, Such as a pressure Sensitive glue frame,
which can be applied onto the edge of the Single cell
Substrate. This step can further include laminating the elec
trode layers with the Separator to the opposite electrode layer
without the Separator. In Such a way the Substrates, current
collectors, electrodes, electrolyte and Separator layers are
stacked in the manner shown in FIG. 10A above. In some

embodiments, a preSS, Such as but not limited to a hot press,
is used to press the glue frame for optimal adherence of the
glue frame.
0250 In some embodiments, connectors can be attached
to the current collectors as part of or following the cell
assembly Step. The connectors may comprise, for example,
metallic tabs or Strips, double-sided conductive adhesive
tape and heat-Sealed connectors.
Implementation Examples
0251 Reference is now made to the following two
examples, which together with the above descriptions illus
trate the invention in a non-limiting fashion. The following
table provides an exemplary Specification of a transponder
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28, in accordance with an embodiment of the present inven
tion:

Parameter

Specification

Operating frequency
Frequency hopping operation
Optimized antenna RCS

860-880 and 902-928 MHz
As authorized for the reader

of = 1 m for a 10 x 10 cm
label area

Optimized antenna ARCS

Ao/? = 0.9 RCS

Free space read and write

30 m

range with reader effective
isotropic radiated power
(EIRP) = 4 Watt
Reader to transponder
modulation

ASK, DSB, SSB, FSK or PSK

Transponder to reader

ASK or subcarrier PSK

modulation
Reader to transponder data

4.8-128 kbit/sec

rate

Transponder to reader data

48-512 kbit/sec

rate

Reader to transponder coding
Transponder to reader coding

NRZ, Miller, PIE or PWM
direct or subcarrier, NRZ,
FMO or Miller

Basic non-volatile (EEPROM)
memory organization:
UID

64-196 Bits

System Memory

128 Bits

Passwords and CRC

64 Bits

User Memory
Operating temperature

120 Bits
-20-60 C.

Non-damaging RF input at the

s+20 dbm

antenna terminal

0252) An exemplary implementation of transponder 28,
in the form of a label, was tested in different operating
environments. In each environment, the reading reliability

(percentage of Successful interrogations) and reading range

were measured. The following table shows non-limiting
examples of test results for Several challenging environ
ments. All tests used a reader 32 having a single antenna. In
particular, Some of the test environments included foils and
other metallic objects in the vicinity of the transponder.
Nevertheless, 100% reading reliability was achieved in
nearly all environments, as can be seen in the table:

Tracked

Reading
Reliability
(% of labels

Reading Range

object

Test scenario

read)

(feet)

Metal
containers
filled with

Outdoor

100%

Up to 30 feet

loading?
unloading

fragrance

aea

100%

10 feet

100%

10 feet

liquid
Aluminum foil

Distribution

juice boxes

center;
eace Ol

truck door;
100 boxes on
metal roll

containers;
container

level tagging
Canned food

Distribution
center;
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present invention includes both combinations and Sub-com
binations of the various features described hereinabove, as

-continued

Tracked
object

Test scenario

well as variations and modifications thereof which would

Reading
Reliability
(% of labels

Reading Range

read)

(feet)

1. A radio frequency (RF) transponder, comprising:

eace Ol

truck door;
100 boxes on
metal roll

containers;
container

level tagging
Ice cream (at
–30° C.)

Distribution
center;

100%

10 feet

eace Ol

code comprising information and, powered only with
energy provided by the battery, to vary a radiation
characteristic of the antenna responsively to the code So

100 boxes on
metal roll

containers;
container

level tagging
Reader/gate
scenario.
Several

Sauce,
metallic

labels in and
around boxes

coffee
canisters,

on a pallet

100%

10 feet

spicy sauce
in aluminum

foil)

Dishwashing
detergent

Reader/gate
scenario.

100%

10 feet

Labels placed
around a box

holding boxes
of detergent
Baby wipes

Labels

Cigarette

Item level;

one label per
pack;
conveyer belt

Beverages

Item level;

(wine, soda
cans, etc.)

one label per
bottlefcan

100%

10 feet

98%

N/A

100%

N/A

test

Oil lubricant

Item level on

bottles

pallet in

100%

23-30 feet

Item level

100%

32 feet

Multiple tags
staggered on

100%

Up to 40 feet

several

layers
Condensed dog

food (22 lb.
bags)
Wooden blocks

as to modulate the information onto the backScattered
radiation.

2. The transponder according to claim 1, and comprising
a Substrate having at least one of the IC, the at least one
antenna and the at least one battery disposed thereon.
3. The transponder according to claim 2, wherein the at
least one battery comprises at least a printed anode layer, a
printed electrolyte layer and a printed cathode layer disposed
in at least one of a co-planar and a co-facial configuration,
wherein the electrolyte layer is disposed between the anode
layer and the cathode layer.
4. The transponder according to claim 2, wherein the
Substrate is flexible.

sandwiched in
between
individual
items

packs
(aluminum
foil)

at least one battery, which is coupled to provide electrical
power for operating the transponder;
at least one antenna, which is configured to receive and
backScatter RF interrogation radiation from an interro
gation device, and

an integrated circuit (IC), which is arranged to Store a

truck door;

Mixed goods
(e.g.,
spaghetti

occur to perSons Skilled in the art upon reading the foregoing
description and which are not disclosed in the prior art.

three level
wood blocks

0253 Although the methods and devices described
herein mainly address battery-assisted UHF backscatter
RFID transponders, the principles of the present invention
can be used for additional applications, as well. Such
applications include, for example, electronic article Surveil

lance (EAS) Systems and authentication applications in EAS
Systems.

0254. It will thus be appreciated that the embodiments
described above are cited by way of example, and that the
present invention is not limited to what has been particularly
shown and described hereinabove. Rather, the scope of the

5. The transponder according to claim 1, wherein the
transponder has a thickness no greater than 1 mm and a
bending radius no greater than 25 mm.
6. The transponder according to claim 1, wherein the
transponder is attached to an object and wherein at least part
of the information in the IC is related to the object.
7. The transponder according to claim 1, wherein the
transponder is adapted to be attached around a corner of an
object So that the at least one battery is oriented in a first
plane and the at least one antenna is oriented in a Second
plane different from the first plane.
8. The transponder according to claim 1, wherein the at
least one antenna is Selected from the group consisting of at
least one of a monopole, a bent monopole, a dipole, a bent
dipole, a patch, an array antenna and a combination thereof.
9. The transponder according to claim 1, wherein the at
least one antenna is configured to receive and backScatter the
interrogation radiation in one of an ultra-high frequency

(UHF) range and a microwave frequency range.
10. The transponder according to claim 1, wherein the at
least one antenna is arranged to receive and backScatter

transverse electromagnetic (TEM) radiation.

11. The transponder according to claim 1, wherein the at
least one antenna comprises a feed-point, and wherein the
radiation characteristic comprises a radar cross-section

(RCS) of the at least one antenna, and wherein the IC is

arranged to vary a load impedance at the feed-point of the at
least one antenna So as to vary the RCS of the at least one
antenna between two or more different RCS values.

12. The transponder according to claim 11, wherein the IC
comprises a Solid-State Switch operatively coupled to the
feed-point of the at least one antenna, which is arranged to
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Switch the load impedance between a first impedance and a
Second impedance, responsively to a binary representation
of the code.

13. The transponder according to claim 11, wherein the IC
is arranged to introduce a low resistive load condition at the
feed-point of the at least one antenna So as to maximize at
least one of the two or more RCS values, thereby maximiz
ing a communication range of the transponder.
14. The transponder according to claim 11, wherein the IC
is arranged to maximize a modulation depth defined as a
ratio between two of the two or more RCS values.

15. The transponder according to claim 14, wherein the at
least one antenna and the IC are arranged to jointly maxi
mize the modulation depth and a communication range of
the transponder.
16. The transponder according to claim 1, wherein the
interrogation radiation received by the at least one antenna
has a first power level, and wherein the at least one antenna
and the IC are arranged to backScatter the interrogation
radiation at a second power level that is greater than 75% of
the first power level.
17. The transponder according to claim 16, wherein the
second power level is greater than 95% of the first power
level.

18. The transponder according to claim 1, wherein the IC
is configured to comply with an operation protocol defining
two or more operational modes.
19. The transponder according to claim 18, wherein the IC
comprises an energy Saving module, which is arranged to
activate and deactivate parts of the transponder responsively
to the operational modes So as to reduce an energy con
Sumption from the at least one battery.
20. The transponder according to claim 18, wherein the
protocol comprises at least one of a transponder-talks-first

(TTF) and a reader-talks-first (RTF) protocol.

21. The transponder according to claim 20, wherein the
protocol comprises the RTF protocol, and wherein the IC is
configured to analyze signals carried by the interrogation
radiation, to progressively activate components of the tran
sponder responsively to the analyzed signals So as to reduce
an energy consumption from the at least one battery, to
assess a relevance of the interrogation radiation to the
transponder based on the analyzed signals, and to enable the
transponder to react to the interrogation radiation based on
the relevance.

22. The transponder according to claim 20, wherein the IC
is arranged to evaluate one or more timeout conditions and
to deactivate predetermined components of the transponder
responsively to the timeout conditions after having detected
a presence of the interrogation radiation.
23. The transponder according to claim 1, wherein the IC
comprises a battery status indicator, which is configured to
indicate an availability of Sufficient electrical power from
the at least one battery, and wherein the IC is configured to
draw electrical power from the interrogation radiation
responsively to a reported unavailability of Sufficient battery
power as determined by the battery Status indicator.
24. The transponder according to claim 1, and comprising
at least one Sensor, wherein the IC is arranged to receive an
indication of a local condition in a vicinity of the transpon
der from the at least one Sensor.

25. The transponder according to claim 1, and comprising
an energy conversion circuit, which is arranged to draw
excess power from the interrogation radiation, when the
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excess power is available, and to perform at least one of
powering the IC and charging the at least one battery using
the drawn exceSS power.
26. The transponder according to claim 1, wherein the IC
is arranged to decode and react to interrogation data carried
by the interrogation radiation, the interrogation data com
prising at least one of a command relating to an operation of
the transponder and input data to be written to the transpon
der.

27. A radio frequency (RF) transponder, comprising:
at least one battery, which is coupled to provide electrical
power for operating the transponder;
at least one antenna, which is configured to receive and
backScatter RF interrogation radiation from an interro
gation device, and

an integrated circuit (IC), which is arranged to Store a
code comprising information and, powered with at least
one of energy provided by the battery and excess power
from the interrogation radiation, to vary a radiation
characteristic of the antenna responsively to the code So
as to modulate the information onto the backScattered
radiation

28. A method for transmitting information from a radio

frequency (RF) transponder, comprising:

providing a battery for operating the transponder;
configuring an antenna to backScatter RF interrogation
radiation that is transmitted from an interrogation
device; and

varying a radiation characteristic of the antenna respon
Sively to the information So as to modulate the infor
mation onto the backScattered radiation, wherein the

energy used to vary the radiation characteristic is not
derived from the interrogation radiation.
29. The method according to claim 28, wherein providing
the battery comprises applying a printed battery to a Sub
Strate having at least one of the IC and the antenna disposed
thereon.

30. The method according to claim 28, wherein the battery
is no greater than 1 mm thick.
31. The method according to claim 30, wherein the battery
comprises a flexible thin-layer open liquid-State electro
chemical cell comprising a first layer of insoluble negative
electrode, a Second layer of insoluble positive electrode and
a third layer of aqueous electrolyte, the third layer being
disposed between the first and Second layerS and including:

(a) a deliquescent material for keeping the open cell wet
at all times,

(b) an electroactive Soluble material for obtaining
required ionic conductivity; and

(c) a water-Soluble polymer for obtaining a required

Viscosity for adhering the first and Second layers to the
third layer.
32. The method according to claim 28, wherein providing
the battery and configuring the antenna comprise disposing
the battery and the antenna on a flexible Substrate.
33. The method according to claim 32, wherein the
transponder has a thickness no greater than 1 mm and a
bending radius no greater than 25 mm.
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34. The method according to claim 28, and comprising
attaching the transponder to an object, wherein at least part
of the information is related to the object.
35. The method according to claim 34, wherein attaching
the transponder comprises fixing the transponder around a
corner of the object so that the battery is oriented in a first
plane and the antenna is oriented in a Second plane different
from the first plane.
36. The method according to claim 28, wherein config
uring the antenna comprises providing at least one of a
monopole, a bent monopole, a dipole, a bent dipole, a patch,
an array antenna and a combination thereof.
37. The method according to claim 28, wherein config
uring the antenna compriseS receiving and backScattering
the interrogation radiation in one of an ultra-high frequency

(UHF) range and a microwave frequency range.
38. The method according to claim 28, wherein coupling
the antenna compriseS receiving and backScattering trans

verse electromagnetic (TEM) radiation.
39. The method according to claim 28, wherein varying
the radiation characteristic comprises modulating a radar

cross-section (RCS) of the antenna.

40. The method according to claim 39, wherein varying
the radiation characteristic comprises varying a load imped
ance at a feed-point of the antenna, So as to modulate the
RCS of the antenna between two or more different RCS
values.

41. The method according to claim 40, wherein varying
the load impedance comprises Switching the load impedance
between a first impedance and a Second impedance, respon
Sively to a binary representation of the code.
42. The method according to claim 40, wherein varying
the load impedance comprises introducing a low resistive
load condition at the feed-point of antenna So as to maximize
at least one of the two or more RCS values, thereby
maximizing a communication range of the transponder.
43. The method according to claim 40, wherein varying
the load impedance comprises maximizing a modulation
depth defined as a ratio between two of the two or more RCS
values.

44. The method according to claim 43, wherein varying
the load impedance comprises jointly maximizing the modu
lation depth and a communication range of the transponder.
45. The method according to claim 28, further comprising
the Step of drawing electrical power from the interrogation
radiation and powering the transponder with the drawn
power when the battery is unable to provide sufficient
electrical power for operating the transponder.
46. The method according to claim 28, and comprising
drawing excess power from the interrogation radiation,
when excess power is available, and performing at least one
of powering the IC and charging the battery using the drawn
excess power.

47. The method according to claim 28, wherein backscat
tering the interrogation radiation comprises decoding and
reacting to interrogation data carried by the interrogation
radiation, the interrogation data comprising at least one of a
command relating to an operation of the transponder and
input data to be written to the transponder.
48. A method for transmitting information from a radio

frequency (RF) transponder, comprising:

configuring an antenna to receive an-interrogation radia
tion at a first power level from an interrogation device
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and to backScatter the interrogation radiation at a
second power level that is greater than 75% of the first
power level;
Storing a code comprising the information; and
varying a radiation characteristic of the antenna respon
Sively to the code So as to modulate the information
onto the backScattered radiation.

49. The method according to claim 48, wherein the second
power level is greater than 95% of the first power level.
50. The method according to claim 48, wherein config
uring the antenna comprises disposing the antenna on a
flexible Substrate.

51. The method according to claim 48, wherein the
transponder has a thickness no greater than 1 mm and a
bending radius no greater than 25 mm.
52. The method according to claim 48, further comprising
attaching the transponder to an object, wherein at least part
of the information is related to the object.
53. The method according to claim 52, wherein the
transponder comprises a battery, and wherein attaching the
transponder comprises fixing the transponder around a cor
ner of the object So that the battery is oriented in a first plane
and the antenna is oriented in a Second plane different from
the first plane.
54. The method according to claim 48, wherein config
uring the antenna comprises providing at least one of a
monopole, a bent monopole, a dipole, a bent dipole, a patch,
an array antenna and a combination thereof.
55. The method according to claim 48, wherein config
uring the antenna compriseS receiving and backScattering
the interrogation radiation in one of an ultra-high frequency

(UHF) range and a microwave frequency range.
56. The method according to claim 48, wherein config
uring the antenna compriseS receiving and backScattering

transverse electromagnetic (TEM) radiation.
57. The method according to claim 48, wherein varying
the radiation characteristic comprises modulating a radar

cross-section (RCS) of the antenna.
58. The method according to claim 48, wherein varying
the radiation characteristic comprises varying a load imped
ance at a feed-point of the antenna, So as to modulate the
RCS of the antenna between two or more different RCS
values.

59. The method according to claim 58, wherein varying
the load impedance comprises Switching the load impedance
between a first impedance and a Second impedance, respon
Sively to a binary representation of the code.
60. The method according to claim 58, wherein varying
the load impedance comprises introducing a low resistive
load condition at the feed-point of the antenna So as to
maximize at least one of the two or more RCS values,

thereby maximizing a communication range of the transpon
der.

61. The method according to claim 58, wherein varying
the load impedance comprises maximizing a modulation
depth defined as a ratio between two of the two or more RCS
values.

62. The method according to claim 61, wherein varying
the load impedance comprises jointly maximizing the modu
lation depth and a communication range of the transponder.
63. The method according to claim 48, and comprising
drawing excess power from the interrogation radiation when
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excess power is available, and performing at least one of
powering the IC and charging the battery using the drawn
excess power.

64. The method according to claim 48, wherein receiving
the interrogation radiation comprises decoding and reacting
to interrogation data carried by the interrogation radiation,
the interrogation data comprising at least one of a command
relating to an operation of the transponder and input data to
be written to the transponder.

65. A radio-frequency identification (RFID) system, com

prising:
at least one interrogation device, which is configured to
transmit RF interrogation radiation to RF transponders
and to receive and decode backScatter-modulated radia

tion from the RF transponders responsively to the
interrogation radiation;

at least one radio frequency (RF) transponder, compris

ing:
at least one battery, which is coupled to provide electrical
power for operating the transponder;
at least one antenna, which is arranged to receive and
backScatter the interrogation radiation from the at least
one interrogation device; and

an integrated circuit (IC), which is arranged to store a
code comprising information and, powered only with
energy provided by the battery, to vary a radiation
characteristic of the antenna responsively to the code So
as to modulate the information onto the backScattered

radiation; and

at least one data processing device for processing data
decoded by the at least one interrogation device from
the backScattered modulated radiation.

66. The system according to claim 65, wherein the at least
one transponder comprises a Substrate having at least one of
the IC, the at least one antenna and the at least one battery
disposed thereon.
67. The system according to claim 66, wherein the at least
one battery comprises at least a printed anode layer, an
electrolyte layer and a printed cathode layer disposed on top
of one another on the Substrate.

68. The system according to claim 66, wherein the Sub
strate is flexible.

69. The system according to claim 65, wherein the at least
one transponder has a thickness no greater than 1 mm and a
bending radius no greater than 25 mm.
70. The system according to claim 65, wherein the at least
one transponder is adapted to be attached to an object and
wherein at least part of the information in the IC is related
to the object.
71. The system according to claim 70, wherein the at least
one transponder is adapted to be attached around a corner of
the object So that the at least one battery is oriented in a first
plane and the at least one antenna is oriented in a Second
plane different from the first plane.
72. The system according to claim 65, wherein the at least
one antenna is Selected from the group consisting of at least
one of a monopole, a bent monopole, a dipole, a bent dipole,
a patch, an array antenna and a combination thereof.
73. The system according to claim 65, wherein the at least
one antenna is configured to receive and backScatter the

interrogation radiation in one of an ultra-high frequency

(UHF) range and a microwave frequency range.
74. The system according to claim 65, wherein the at least
one antenna is arranged to receive and backScatter transverse

electromagnetic (TEM) radiation.
75. The system according to claim 65, wherein the at least
one antenna comprises a feed-point, and wherein the radia

tion characteristic comprises a radar cross-section (RCS) of
the at least one antenna, and wherein the IC is arranged to
vary a load impedance at the feed-point of the at least one
antenna so as to vary the RCS of the antenna between two
or more different RCS values.

76. The system according to claim 75, wherein the IC
comprises a Solid-State Switch operatively coupled to the
feed-point of the at least one antenna, which is arranged to
Switch the load impedance between a first impedance and a
Second impedance, responsively to a binary representation
of the code.

77. The system according to claim 75, wherein the IC is
arranged to introduce a low resistive load condition at the
feed-point of the at least one antenna So as to maximize at
least one of the two or more RCS values, thereby maximiz
ing a communication range of the at least one transponder.
78. The system according to claim 75, wherein the IC is
arranged to maximize a modulation depth defined as a ratio
between two of the two or more RCS values.

79. The system according to claim 78, wherein the at least
one antenna and the IC are arranged to jointly maximize the
modulation depth and a communication range of the at least
one transponder.
80. The system according to claim 65, wherein the inter
rogation radiation received by the at least one antenna has a
first power level, and wherein the at least one antenna and
the IC are arranged to backScatter the interrogation radiation
at a second power level that is greater than 75% of the first
power level.
81. The system according to claim 80, wherein the second
power level is greater than 95% of the first power level.
82. The system according to claim 65, wherein the at least
one transponder is configured to comply with an operation
protocol defining two or more operational modes.
83. The system according to claim 82, wherein the IC
comprises an energy Saving module, which is arranged to
activate and deactivate parts of the at least one transponder
responsively to the operational modes So as to reduce an
energy consumption from the at least one battery.
84. The system according to claim 83, wherein the pro
tocol comprises at least one of a transponder-talks-first

(TTF) and a reader-talks-first (RTF) protocol.
85. The system according to claim 84, wherein the pro
tocol comprises the RTF protocol, and wherein the IC is
configured to analyze signals carried by the interrogation
radiation, to progressively activate components of the at
least one transponder responsively to the analyzed signals So
as to reduce an energy consumption from the at least one
battery, to assess a relevance of the interrogation radiation to
the at least one transponder based on the analyzed signals,
and to enable the at least one transponder to react to the
interrogation radiation based on the relevance.
86. The system according to claim 84, wherein the IC is
arranged to evaluate one or more timeout conditions and to
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deactivate predetermined components of the at least one
transponder responsively to the timeout conditions after
having detected a presence of the interrogation radiation.
87. The system according to claim 65, wherein the IC
comprises a battery status indicator, which is configured to
indicate an availability of Sufficient electrical power from
the at least one battery, and wherein the IC is configured to
draw electrical power from the interrogation radiation
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responsively to a reported unavailability of Sufficient battery
power as determined by the battery Status indicator.
88. The system according to claim 65, wherein the at least
one transponder comprises a Sensor, which is arranged to
Sense a local condition in a vicinity of the at least one
transponder and to indicate the local condition to the IC.

