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RFID READER AND TRANSPONDERS
FIELD

The present invention relates to a radio frequency identification (RFID) reader. and RFID

transponders or tags that may be read by the reader.
BACKGROUND

Radio frequency identification (RFID) systems use radio frequency (RF) signals to excite
and extract encoded identification data from remote RFID ‘transponders or tags. The
systems include one or more RFID tags, where data is encoded, affixed to items or asscts
associated with the identification data, and a RFID reader used for extracting the encoded
data from RF signals returned by the tags. RFID tags are used to replace barcodes due to
their long reading range, ability to read without line of sight, and automated identification
and tracking. The scope ol application of RFID systems is expanding, but they still tend
not to be used in low cost applications because of their cost compared to barcodes.
Accordingly, research effort has focused on developing chipless printable RFID tags.
which can be used like barcodes. However, the removal of the microprocessor or
microcontroller chip from the tag makes it difficult to encodc high numbers of bits within a

small tag.

Printable chipless RFID tags have been developed using time domain. frequency domain.
phase domain and image based encoding techniques. However, a compact fully printable
chipless tag with a high data capacity, such as 64 bits, has not been developed. Tmage
based tags in particular are still experimen‘tal and neced costly submicron level printing.
Frequency domain based tags have higher data density than time domain based tags but
none can encode 64 bits within a credit card sized area. For most of the designs. the size of
the tag increases linearly with the number of bits because of the addition of exwa
resonators. Also, 64 bits has not been encoded practically within a UWB frequency band

using band stop resonators, and most of the designs require perfect alignment with the
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antennas of the RFID reader for measurement.
It is desired to address the above or at least provide a useful alternative.
SUMMARY

In accordance with the present invention there is provided a passive and chipless RFID
transponder comprising:

a substrate; and

at least one planar patch on the substrate, said patch including a slot resonator of
with radial conductive strips disposed at points around the slot resonator.
The present invention also provides a passive and chipless RFID transp(‘mdcr comprising:

a substrate; and

_at least one planar patch on the substrate, said patch including parallel pairs of

horizontal slot resonators in opposing quadrants and having lengths Li, 1 = | - n. that
decrease towards the centre of the patch; and parallel pairs of vertical slot resonators in
opposing quadrants and having lengths W, 1 =1 - n, that decrease towards the centre of the

patch.

The present invention also provides a passive and chipless RFID transponder comprising:

a substrate; and

a plurality of planar antennas with respective selected resonant frequencics,
wherein each antenna includes a first portion in conductive‘ communication with both a
second portion and a third portion, and wherein the second portion and the third portion arc

separated by a non-conductive slot.

The present invention also provides an RFID reader, including:
a transmit antenna for transmitting RF interrogation signals to a passive and
chipless RFID transponder;

a receive antenna for receiving backscattered signals in response from the RFID
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transponder;

an RF module including an RI° transmitter for generating the RF interrogation
signals for the transmit antenna and an RF receiver for amplifying and down converting
the signals received by the receive antenna; and

a digital module including a digital controller for controlling the Rls transmitter and
a digital signal processor (DSP) for processing the down converted signals from the RF

receiver to extract a unique identification (ID) code of the RFID transpondcr.
DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention are hercinafter described, by way of example only.
with reference to the accompanying drawings, wherein:

Figure 1 is a plan view of a first embodiment of an RFID tag;

Figure 2 is a plan view of a second embodiment of an RFID tag;

Figure 3 is a plan view of a third embodiment of an RFID tag;

Figure 4 is a plan view of a fourth embodiment of an RFID tag;

Figure 5A is a plan view of a fifth embodiment of an RFID tag:

Figure 5B is a plan view of one antenna of the tag in Figure SA;

Figure 5C is a plan view of an array of four antennas in the tag in Figure SA;

Figure 6 is a block diagram of an embodiment of an RFID reader and tag;

Figure 7 is a block diagram of the RFID reader;

Figure 8 is a diagram of the frequency sub-bands used by the RFID reader:

Figure 9 is a diagram of frequency responses obtained from different versions of
the RFID tag of Figure 3;

Figure 10 is a diagram of the frequency responses obtained from another version of
the RFID tag of Figure 3 at different orientations; and

Figure 11 i1s a diagram of the relative and normalised frequency shifts of the

responses obtained from the tag of Figure 10.
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DETAILED DESCRIPTION

Passive and chipless (i.e. without any active circuitry, such as a microcontroller or
microprocessor) radio frequency identification (RFID) transponders or tags 100, 200, 300.
400 and 500 are shown iﬁ Figures | to 4 and SA. The tags each include a non-conductive
or dielectric substrate 102, 402, 504 which may include an adhesive layer for affixing the
tags to items or assets. A rectangular conductive or metallic (such as copper) planar patch
104, 204, 304, 506 is printed or deposited on the substrate 102, 402. The transponders
each store a unique identification code that is obtained from the time, frequency and/or
phase data of the backscattered radio frcq'uexicy signals when the transponder 100. 200,
300, 400 or 500 is excited by transmitted radio frequency interrogation signals produced
by an RFID reader 600. The transmitted signals have frequencies within a bandwidth of 22
to 26.5 GHz. The patches 104, 204, 304, 504 of the transponders each include air gap
slots, as discussed below, that radiate at resonant frequencies to produce backscattered

signals representing the stored identification code.

A first RFID tag 100 has a metallic patch 104 that is rectangular (or squarc) with a width
W and length L. The patch 100 has a central circular slot 110 where the conductive

material is omitted, by being not printed or cut. so as to provide the slot 110 with an air gap

~G. The inner radius of the circular slot is R. The air gap of the slot 110 is not continuous.

as conductive strips or stubs 112, 114, 116, 118, having a length | and width w, are
disposed at points on the circumference of the slot 110 so as to extend radially towards the
centre of the patch 104 and the centre 120 of the circle defined by the circular slot 110.
The radial conductive strips 112, 114, 116, 118 have an air gap of width G along their
length, but not at their ends. The strips are placed at angular points on the circular slot
110, for example the strip 112 is placed at 90°, strip 118 at 225°, strip 116 at 315°. and
strip 114 at 0° or 360°. The resonant {requency of the tag 100 is determined by adjusting
the parameters W, L, G, R, w and | of the patch 104.

By symmetric placement of the circular slot 110 and the strips 112, 114, 116, 118, the
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operation of the tag 100 is made independent of the orientation of the patch 104. This
means the tag could be excited by vertically and horizontally polarised radio frequency
(RF) interrogation signals of the reader 600 and the response received by the reader 600
will be the same regardless of the orientation of the patch 104 comparcd to the transmit
antennas 602, 604 of the reader 600. The patch 104 is symmetrical when the strips 112,
114, 116, 118 arranged symmetrically around a circular slot 110. This involves placing
them opposite one another so pairs of strips are .aligned. When the patch 104 is
symmetrical the vertically and horizontally polarised backscattered signals are the same
and resonate or not at the same frequency. The tag 100 is then only able to encode one bit

in the frequency domain.

A second tag 200 has a patch 204 which is the same as the patch 104, except instcad of a
circular slot 110, a polygonal slot 210 with an air gap G is used. Thc patch 204 has the
strips or stubs 212 of length | and width w placed so as to extend from the vertices of the
polygonal slot 210. Between the vertices, the slot 210 has sides with an arm length a.
Again, the resonant frequency of each patch 204 is determined by adjusting the parameters
W, L, G, R, a, w and | of the tag 200. The responsc from the tag is again oricntation
independent if the slot 210 and the strips 212 are placed symmetrically, as shown in Figure
2. The resolution of the orientation dependency increases by increasing the number of
polygonal sides 214. For example, the slot 210 in Figure 2 is hexagonal. but increasing it
to a higher polygon and optimising the strip length | provides more symmetry and
improved orientation independence. If the tag 100 is completely symmectric for full
orientation independence, then like the tag 100, it is only able to cncode 1 bit in the

frequency domain.

A third RFID tag 300, as shown in Figure 3, has a patch 304 with a width W and a length
L. The patch 304 has a number of vertical and horizontal air gap slots that are straight or
"I" shaped and run parallel to respective sides of the patch. The resonator slots have a
width or air gap Ws and are spaced from the adjacent slot by a gap Ss. The slots have
different lengths so as to resonate at different frequencies and give a different response to

depending on the polarisation of the transmitted interrogation signal. Horizontal slots. or
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H slots, are parallel and have lengths L;, i = 1 - 1, that decrease towards the centre of the
patch so there are two opposing or pairs of H slots of length L that arc the longest and two
opposing or pairs of slots of length L, that are the shortest. The pairs of H slots occupy

respective first and second opposing quadrants of the patch 304. The H slots respond only

-to horizontally polarised transmitted signals. The vertical slots, or V slots, arc also

parallel, but perpendicular to the H slots and have lengths Wi, i = 1 — n that decrcase
towards the centre of the patch 304. The longest pairs of W slots have a length Wy and arc
closer to the edge of the patch 304 and there are two slots of length W, disposed closcr to
the centre of the patch. The ends of the H slots and V slots of equal length. or
corresponding i, are separated by an cqual gap of length G. The pairs of V slots occupy
respective third and fourth opposing quadrants of the patch 304. The V slots only respond
to a vertically polarised transmitted signal. As the rcspoﬁscs for the V and H slots are
independent of one another, the same frequency can be used twice to obtain a response
from a respective pair of H slots of length [,; and a respective pair of V slots of length W,

Accordingly, if » = 16, one patch 304 can encode 32 bits of information or data.

A fourth RFID tag 400 includes a dielectric substrate 402 on which an array of patch
antennas 404 is printed or deposited. The patches 404 are symmetrically arranged so as to
provide orientation independency. In the example of Figure 4 the array is 6x6. so as to
provide 36 patches 404. The patches 404 can be any one of the first or second patches 104
or 204 so as to Increase information encoded in those patches by 36 times. IFor example. if
the first and second patches 104 and 204 each encode a bit of information, the tag 400
would encode 36 bits of information. If the array was 8x8, then it would encode 64 bits of
information. The patch 304 of the third tag 300 can be used to provide the patches 404,
but the patch 304 is orientation sensitive and is a multi-bit patch. Accordingly. if the patch
304 1s used to provide the patch 404, then the tag 400 should have a smaller array. such as

a 2x2 array having four patches 304.

A fifth RFID lég 500 includes a dielectric substrate 502 on which an array of patch
antennas 506 is printed or deposited, as shown in Figure 5A. The substrate 502 can be a

non conductive material, such as paper, and the antennas 506 can be printed using
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conductive material, e.g. via thermal transfer. Each antenna 506 includes a planar structure
comprising three conductive portions, as shown in Figure 5B: a first é()nducti\fc portion
508 is planar and elongated in a first dircction (c.g. forming a first rectangle); and a second
portion 510 and a third portion 512 are planar and elongated (e.g. rectangles) in a sccond
direction perpendicular to the first direction (e.g. forming second and third rectangles
oriented perpendicular to the first rectangle). Furthermore, the second and third portions
510, 512 are parallel to each other, and in conductive communication with the first portion
508 (e.g. adjacent and connected to one side of the first portion 508). The second and third
portions 510 and 512 are parallel and spaced by a slot 514 which is a non-conductive gap
between the second and third portions forming an air gap. The antenna 506 is surrounded
by non-conductive portions of the tag 500. The antennas 506 are printed on the diclectric
substrate 502 at approximately regular intervals with spacings between the antennas 506
selected to substantially avoid electromagnetic interference between pairs of the antennas
506 which would interfere with the signals from the antennas 506. Each antenna 506 has a
characteristic frequency determined by the dimensions and arrangements of the portions
508, 510, 512. The tag 400 includes antennas 506 with a plurality of different
characteristic frequencies, e.g. at least onc first antenna with a first characteristic {requency
Fy, at least one second antenna with a second characteristic frequency I, at least one third
antenna with a third characteristic frequency Fj, and at least one fourth antenna with a
fourth characteristic frequency F4. The tag 500 can be excited by circular polariscd
radiation from an antenna of the RFID reader 600, and cach antcnna 506 responds at its
characteristic frequency. The characteristic frequency for each antenna 506 can be sct by
selecting the same dimensions for each antenna 506 except for the length of the sccond and
fourth portions 510. 512, which can be varied to differ. and thus define the different
characteristic frequencies of Fy, ¥», F3 and F;. An example of the dimensions of the
antennas 506 are shown in Figures SB and 5C with the following characteristic
frequencies: F; = 21.84 GHz, F, = 23.28 GHz, F3 = 24.52 GHz and F, = 26.34 GHz. A
plurality of different antennas 506 with respective different characteristic {requencics can
be arranged in a sub-array of elements (e.g. 4). thus representing a plurality of bits (¢.g. 4
bits) which can be used to encode information in the tag 500. Once the numerical valuc of

the tag has been decided, e.g, binary number "0101", it can be detcrmined which of the
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antennas 506 in the sub-array 520 are to be printed, ¢.g. the printed antennas could be I»
and F3 and the positions of Fy and Fz could be left blank (i.e. unprinted) to represent
"0101". The tag 500 includes a plurality of sub-arrays 520 to increase the signal strength
from the tag 500, e.g. each sub-array defining the numerical value of the tag 500 can be
repeated a plurality of times, as shown in Figure SA. The non-conductive slot 514 may
comprise of a first gap portion having a first gap width betwceen the second portion 510 and
the third portion 510, and a second gap portion joining the first gap portion and having a
second gap width between the second portion 510 and the third portion 512. Variations in

the gap width can be used to define different resonant frequencies.

The RFID tags 100. 200, 300, 400. 500 are excited by a dual polariscd transmitter antenna
(TX) 602 of the RFID reader 600, as shown in Figure 6. The RFID tags are excited and
respond by producing frequency encoded backscattered signals that are received by a dual
polarised receiver antenna (RX) 604. The RFH.) reader 600. as shown in Figure 7, includes
a digital control module 702 with a digital control board 704 that generates voltage
controlled oscillator (VCQ) signals to drive a radio frequency (RF) transmitter 706 of an
RF module 708. The RF transmitter 706 generates the interrogation signals for
transmission by the transmit antenna 602. The backscattered signals from the tags are
received by the receiver antenna 604 and passed to an RF receiver 710 of the RE module
708. The RF receiver module 710 processes the received backscattered signals by
performing low noise amplification and mixing so as to down convert to a lower
intermediate frequency band. The processed intermediate frequency signal is output to a
digital signal processor (DSP) 712 of the digital module 702. The DSP 712 samplcs the
received signal and executes signal processing algorithms under the control of embedded
computer program (middleware) code of a field programmable gate array (FPGA) 714 of
the digital module 702. The code executes signal processing to remove noise and identify

or extract the data encoded in the read tag. which represents the tag's identification.

The digital module 702 of the reader 600 communicates with and is controlled by a back-
end database system 750 which executes a reader control application to generate control

commands for the module 702 and receive, .store and process tag identification data
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associated with the items or assets on which the tags are placed. The database system 750
is a computer system, such as produced by IBM Corporation or Apple Inc.. having
microprocessor circuitry, computer readable memory, and a data communications

connection with the reader 600,

To improve the RF sensitivity of the reader 600, the RF module 708 uses precise RF
components and an advanced receiver architecture that exploits tcchniques such as 1/Q

modulation. With improved RF sensitivity, the reader 600 is able to detect and reccive

~ weak backscattered signals. This is also assisted by improving the antenna gain of the

reader 600 by adjusting the antenna designs. such as providing a broadband patch antenna
array for the antennas 602 and 604. The higher gain of the reader transmit antenna 602
increases the transmitted power directed and focussed towards the tag, and the higher gain
of the reader receive antenna 604 further enhances any weak received signals from the tag,

thereby improving the signal to noise plus interference ratio (SNIR).

The reader 600 is also able to include beam forming smart antennas 760 for the transmit’
and receive antennas 602 and 604 so that the transmitted and received signals of the
antennas can be beam stecred electronically by varying their phase and amplitude
distribution. Varying the beamwidth of the transmitted and received signals provides
spatial diversity so that tags placed side by side on assets can be discriminated and read as
the beam is steered. The smart antenna array 760 is controlled by switching electronics
762 that in turn is controlled by the DSP 712. Beam forming smart antennas 760 also
further improve the SNIR by focussing the transmitted signal encrgy and the antennas 602
and 604 towards the direction of the tag and any nulls are directed towards sources of

interference.

The reader 600 also uses the bandwidth of the allocated frequency band, as shown in
Figure 8. The bandwidth used to excite the tags 100, 200, 300, 400, 500 is a millimetre
wave (mmW) band of 22 to 26.5 GHz, and is divided into a number of sub-bands 700
having centre frequencies f;, 1 =1 - n. The RF transmittér 706 uses the sub-bands to

transmit narrowband or ultra-wide band (UWB) pulses or bursts to provide interrogation
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signals in # iterations. After completing » iterations, the tag is read. Using the sub-bands
improves the reading speed of the reader 600 when compared to a reader that may usc a
swept frequency reading method where continuous wave signals for cach frequency are
sent sequentially. Sub-band bursts of 1mpulses improve the reading rate, and also reduce
the noise that may affect the received signal if the entire frequency band is used. Using the
sub-bands also provides a flat power spectral density across the bandwidth. The sub-band

pulse transmission also assists in reducing the complexity of the signal processing and

hardware of the reader 600.

Frequency responses obtained from three different versions of the third tag 300, are shown
in Figure 9. Figure 9(a) shows the response received for both the horizontal and vertical
polarisations when all of the H slots and V slots are present in the tag so that the 32 bits of
the tag are all 1. For Figure 9(c), three pairs of V slots are omitted, and this shows how the
absence of resonant peaks for those three pairs can be detected to represent three 0s. In
Figure 9(e), three of the H slots are omitted and the horizontal response shows the

detection of three Os.

By replicating the absence of corresponding H and V slots, Lj and W, the tag becomes
linearly polarised and rotation independent. However, without detecting any distinction
between the H and V slots, the data capacity of the tag 300 is reduced by half. Figure 10
illustrates the frequency response obtained from the tag 300 where H and V slots are
replicated and the tag 300 has no rotation and is then rotated by 40°. Similar to that shown
in Figure 9(a), the response is the same. As is apparent in Figure 10, however, there is a
frequency shift, and this increases with an increase in resonant frequencies of the slots, as
shown in Figure 11(a) for the tag 300 orientated 20° and orientated 40°. When this
frequency shift is normalised based on the resonant {requency, the shift is constant for all
slots (or bits) of a particularly orientated tag, as shown in Figure 11(b). The reader 600 is
able to account for this by using one or two slots of the tag 300 that are retained as a
reference so as to determine the amount of shift for that slot or bit. and then predict the
shifts for the other slots (or bits). The DSP 712 of the reader 600 is able to apply a

compensation factor so that the encoded bits can be correctly decoded and tags 300 of any



WO 2014/085857 PCT/AU2013/001409

- 11 -
orientation can be read.

Many modifications will be apparent to those skilled in the art without departing from the
scope of the present invention. For example, the reader 600 and the tags 100, 200. 300,
5 400; 500 can be adjusted so as to communicate using near field communication (NFC)
communication standards. The tags 100, 200, 300, 400 and 500 can also be read by
security gates, such as RFID security gates, and also electrorhagnctic (EM) security gates

used to read magnetic or EM strips affixed to items or assets.
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CLAIMS:

1. A passive and chipless RFID transponder comprising:
a substrate; and
at least one planar patch on the substrate, said patch including a slot resonator of

with radial conductive strips disposed at points around the slot resonator.

2 A transponder as claimed in claim 1, wherein the strips have an air gap slots along
their length.

3 A transponder as claimed in claim 1 or 2, wherein said slot resonator is circular.

4 A transponder as claimed in claim 1 or 2, whercin said slot resonator 18 polvgonal

and the radial conductive strips are disposed at the vertices of the slot resonator.

5 A passive and chipless RFID transponder comprising:

a substrate; and

at least one planar patch on the substrate, said patch including parallel pairs of
horizontal slot resonators in opposing quadrants and having lengths Li. i = | - . that
decrease towards the centre of the patch: and parallel pairs of vertical slot resonators in

opposing quadrants and having lengths Wi, 1 =1 - i, that decrease towards the centre of the

patch.
6. A transponder as claimed in claim 3, 4 or 5, wherein said patch is symmetrical.
7. A transponder as claimed in any one of the claims including a plurality of said

patch in an array.

8. A passive and chipless RFID transponder comprising:
a substrate; and

a plurality of planar antennas with respective selected resonant frequencics,
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wherein each antenna includes a first portion in conductive communication with both a
second portion and a third portion, and wherein the second portion and the third portion are

separated by a non-conductive slot.

9. A transponder as claimed in any one of the preceding claims, wherein said

substrate is dielectric, and said patch is conductive or metallic.

10.  An RFID reader, including:

a transmit antenna for transmitting RF interrogation signals to a passive and
chipless RFID transponder;

a receive antenna for receiving backscattered signals in response {rom the REFID
transponder;

an RF module including an RF transmitter for generatihg the RF interrogation
signals for the transmit antenna and an RF receiver for amplifying and down converting
the signals received by the receive antenna; and

a digital module including a digital controller for controlling the RY transmitter and
a digital signal processor (DSP) for processing the down converted signals from the RF

receiver to extract a unique identification (1D) code of the RFID transponder.

11.  An RFID reader as claimed in claim 10, wherein the digital module includes
embedded computer program code to communicate with and control the digital controller

and the DSP and communicate with a computer database system to provide the ID code.

12. An RFID reader as claimed in claim 10 or 11, wherein the transmit and rceccive
antennas comprise beam forming smart antennas so as to beam stcer the transmitied and

received signals.

13, An RFID reader as claimed in claim 10, 11 or 12, wherein the digital module
includes control electronics to control the phase and amplitude distribution of the signals of

the transmit and receive antennas.
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14.  An RFID reader as claimed in any one of claims 10 to 13, whercin the transmitted
interrogation signals frequencies are within a GHz frequency band that is divided into #
transmission sub-bands to transmit narrow band or ultra-wide band (UWB) pulses to

provide the interrogation signals in » iterations.

15.  An RFID reader as claimed in claim 14, wherein said frequency band is 22 to 26.5
GHz.
16. An RFID reader as claimed in any one of claims 10 to 15, wherein said RFID

transponder is as claimed in any one of claim 1 to 9.

17. A reader for rcading a transponder as claimed in-any one of claims 1 to 9.



