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“AN RF IDENTIFICATION TRANSPONDER"

THIS INVENTION relates to an RF Identification Transponder.

Radio-frequency (RF) including microwave freguency
transponders are used for contactless identificatioh,
remote location and tracking of physical objects to which
the transponders are fixed. Such transponders are used in
supermarkets, for warehouse inventories, on vehicles and on
personnel. Typically, each transponder has a unique
identification code which is modulated and transnitted on
an RF carrier or microwave freguency. The transponder is
interrogated by a reader which transmits an RF signal to
the transponder. The transponder responds by returning its
identification code to the reader.

So-called ' passive transponders often employ
transmitters powered by the radio freguency or microwave
signal received from the transponder reader. Power
conversion circuitry is provided in the transponder but is
often restricted by the performance of the diodes and other
components therein. As a result, the range of so-called
passive transponders (such as the transponder shown in
Figure 1 of the accompanying drawings) is severely limited,
especially in the microwave frequency range of above 1
gigahertz.
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- A TRANSPONDER SYSTEM THI S INVENTION rel ates to a transponder system
Radi o-frequency (RF) including mcrowave frequency transponders are used
_for contactless identification, renote | ocation and-tracking of physical
“@ebjects to which the transponders are fixed. Such transponders are used in
super mar kets, for warehouse inventories, on vehicles and on personnel.
Typically, each transponder has a unique identification code which is
nodul ated and transmitted on an RF carrt2r or mcrowave frequency. The
transponder is interrogated by a reader which transnmits an RF signal to the

transponder. The tr&ushorkranspenders msuadidy ntrgnemdti dewers iz amide code
to the readghqirected radiation pattern and thus the power of the

signal from the transponder is dissipated quickly. This
serves to reduce the range of operation between the
transponder and reader. Retrodirective or Van Atta arrays
enhance the range of such transponder reader systems by
correcting the phase of the wavefront impinging on the
transponder and redirecting the wave back to the reader in
the same direction from which the wave was transmitted.

As show in Figures 2 and 3 of the accompanying
drawings, respective pairs of antenna elements are
connected by equal lengths of co-axial cable connection
lines to form a Van Atta array. However, such Van Atta
arrays are large and unwieldy due tc the constraints
imparted on the system because of the equal connection line
lengths between antenna elements.

Various methods of improving the retrodirectivity
of transponders have been put forward and are disclosed in,
for example, US-A-3 496 570 which uses a slab of dielectric
to cancel specularly reflective waves and US-A-3 731 313
which uses impedance matching stubs attached to respective
connection lines.

US-A-5 254 997 discloses an RF transponder
incorporating a Van Atta array. However, the transponder
disclosed therein operétes by receiving the first signal,
modulating the first signal with an identification code and
then reflecting the modulated signal back to an
interrogator. 8Such a transponder is shown schematically in
Figure 4 of the accompanying drawings.

The present invention seeks to provide a
transponder which is simple to manufacture at low cost, and



- So-called passive transponders often enploy transmtters powered by
the radi o frequency or m crowave signal received from the transponder
_reader. Power conversion circuitry is provided in the transponder but is

"aften restricted by the performance of the di odes and other conponents
therein. As E?ﬁiﬁ&ﬁ%_nﬁﬁﬂyur ge of so-called passive transponders (such as
the transpo ISW hiAS 5&% e 1 of - the acconpanying drawi ngs) is severely

linmited, especial REPLAGEDhe ni drowave fregmency range of above 1 gi gahertz.

which does not require complicated circuitry or further
components such as diodes or the like.

Accordingly, one aspect of the present invention
provides an RF identification transponder comprising: a
substrate layer; and an array of M*N antenna elements
formed on the substrate layer, wherein the antenna elements
have a common predetermined resonant frequency £, and M and
N are integers.

A further aspect of the present invention provides
an RF transponder reader in combination with a transponder
according to the present invention, the reader comprising:
means for generating and transmitting signals at a range of
frequencies, wherein at least one of the frequencies in the
range of freguencies is substantially equal to the or each
resonant frequency of the transponder; and means for
detecting said one or each resonant frequency.

In order that the present invention may be more
readily understood, embodiments thereof will now be
described, by way of example, with reference to the
accompanying drawings, in which:

FIGURE 1 is a schematic circuit diagram of a known
transponder;

FIGURE 2 is a schematic representation of a
Van Atta array;

FIGURE 3 is a plan view of a Van Atta array and the
interconnections therefor;

This Sheet Has Been

WA



© -2- Such transponders usually transmt over a w de undirected
radi ati on pattern and thus the power of the signal fromthe transponder is
_dissipated quickly. This serves to reduce the range of operation between
“t:he transponder and reader. Retrodirective or Van Atta arrays enhance the
range of such transponder reader systens by correcting the phase of the
wavefront inpinging on the transponder and redirecting the wave back to the
reader in the sane direction from whi ch-gkhe wave was transm tted.
As show in Figures 2 and 3 of the acconpanying
FIGURE 4 is a schematic circuit diagram of another

form of known identification transponder;

FIGURE 5 is a side view of a transponder émbodying
the present invention;

FIGURE 6 is a plan view of the transponder of
Figure 5; '

FIGURE 7 is a graph showing the frequency response
of the transponder of Figures 5 and 6;

FIGURE 8 is a side view of another transponder
embodying the present invention;

FIGURE 9 is a plan view of the transponder of
Figure 8;

FIGURE 10 is a graph showing the comparison between
a Van Atta array and the transponder of Figures 8 and 9;

FIGURES 11, 12, 13 and 14 are schematic plan views
of various antenna elements for use with the present
invention;

FIGURE 15 is a cross-section through a conventional
co—axial transmission line;

FIGURE 16 is a cross-section through a micro-strip
substrate for use with the present invention;

FIGURE 17 is a schematic plan view of antenna
elements coupled to arbitrary connection lines;



- dqraw ngs, respective pairs of antenna el enments are connected by equal
| engt hs of co-axial cable connection lines to forma Van Atta array.
_However, such Van Atta arrays are |arge and unwi el dy due to the constraints
“inparted on the system because of the equal connection line | engths between
antenna el enents. Various nethods of inproving the
retrodirectivity of transponders have been put forward and are discl osed
in, for exanple, US-A-3 496 570 which uses a slab of dielectric to cancel
specularly reflective waves and US-A-3 731 313 which uses i npedance
mat chi ng stubs attafIGURE A8spistiae qraplectdompdrineg. the frequdhoy 5 254
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t he transpon
connection lines with the frequency response of antenna

elements coupled to optimised connection lines embodying
the present invention;

FIGURE 19 is a schematic view of antenna elements
for use with the present invention directly connected to
connection lines;

FIGURE 20 is a graph indicating the variation of
frequency response of a transponder having directly coupled
connection lines depending upon the angle of incidence of
the wavefront;

FIGURE 21 is a schematic representation of an
antenna element for use with the present invention provided
with a stub;

FIGURE 22 is a schematic representation of an array
of antenna elements for use with the present invention
coupled to connection lines of unequal length using
optimised routings;

FIGURE 23 is a schematic representation of multiple
loop antenna elements for use with an embodiment of the
present invention; '

FIGURE 24 is an exploded view of stacked antenna
element arrays embodying the present invention;

FIGURE 25 is a side view of a transponder embodying
the present invention;



- di scl osed therein operates by receiving the first signal,

first signal with an identification code and then reflecting the

_nmodul ated signal back to an interrogator. Such a transponder is shown
"schematically in Figure 4 of the acconpanyi ng draw ngs. The
present invention seeks to provide. a transponder which is sinple to
manuf acture at | ow cost, and - 3-
-

FIGURE 26 is a plan view of the transponder of
Figure 25;

FIGURE 27 is a plan view of a transponder embodying
the present invention having an antenna array of C-type
antenna elements;

FIGURE 28 is a plan view of a transponder embodying
the present invention having an antenna array comprising an
array of unit cells of C-type antenna elements;

FIGURE 29 is a plan view of a transponder embodying
the present invention having an antenna array comprising a
plurality of macrocells of antenna elements of common
resonant frequency; and

FIGURE 30 is a side view of the transponder of
FIGURE 30 stacked onto a further transponder.

Referring to Figures 5 and 6, a simple form of RF
identification transponder embodying the present invention
comprises a ground plate 1 upon which is deposited a
dielectric substrate layer 2. An array of M*N antenna
elements are formed on the dielectric substrate 2. The
antenna elements 3 in the array are all substantially
identical. In the example shown in Figure 6, M = 4 and
N = 3 to create a regular rectangular array of 12 antenna
elements, each antenna element 3 comprising a loop element
in the form of a square. The antenna elements are
constructed to have a common predetermined resonant
frequency f.. Thus, when the transponder of Figures 5 and
6 is irradiated by a range of frequencies f;, £, .... £,
then primarily only the predetermined resonant frequency f,
is reflected back by the transponder. It is, of course,
important that one of the frequencies which irradiates the

nmodul ating the



- whi ch does not require conplicated circuitry or further conponents such as
di odes or the |ike. Accordi ngly, one aspect of the present invention
.provides a transponder system conprising a plurality of RF
“i-dentification transponders, each of which conprises: a substrate |ayer

and an array of MN antenna el enents fornmed on the substrate |ayer, wherein
the antenna el enents have a common predeterm ned resonant frequency f[err]
and Mand N are integers, each of the t+Zansponders in the system having a
different predeterm ned resonant frequency, wherein the respective
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reflectlon.

Thus, in a transponder reader system, there would
be a number of transponders such as the one shown in
Figures 5 and 6, each having a different resonant
frequency. When irradiated by the range of frequencies
(comprising a spectrum of the resonant frequencies of all
the transponders), each transponder can be identified by
the highest amplitude frequency reflected back, being the
resonant frequency for that transponder. As shown in
Figure 7, the resonant frequency f. for the transponder
shown in Figures 5 and 6, is substantially equal to the
irradiating frequency f,.

It is preferable that the resonant freguencies are
chosen to be of a narrow band width so as to maximise the
spectrum of resonant frequencies that can be used for
identification purposes. A particularly convenient method
for producing a narrow band width resonant frequency is by
use of a micro-strip antenna. The resonant fregquency is
predominantly dependent upon the dimensions (M*N) of the
array, the size of the individual antenna elements 3 within
the array, the relative permitivity of the dielectric
substrate, the 1length of any connection 1lines inter-
connecting the antenna elements 3 and the method by which
any connection lines are coupled to the antenna elements.

Using the reflection or back-scattering
characteristics of the microstrip antenna elements, it is
possible to effect reflection or back-scattering of a
predetermined resonant frequency. For a fixed frequency,
the array would consist of a plurality of substantially
identical antenna elements 3, spaced apart and configured



- gccording to the present invention, the reader conprising: means for
generating and transmtting signals at a range of frequencies, wherein at
_least one of the frequencies in the range of frequencies is substantially

“equal to the or each resonant frequency of the transponder; and neans for
detecting said one or each resonant frequency. In order that the
present invention may be nore readily understood, enbodi nents thereof wll
now be descri bed, by way of exanple, wiig-reference to the acconpanying
drawi ngs, in which: FIGURE 1 is a schematic circuit diagramof a
known transgondptimise scattering. It should be noted that the size

of the antenna element 3 is inversely proportional to the
resonant frequency. Thus, small transponders can be
produced to operate in the microwave frequency range.

The signal reflected from a particular array of
antenna elements 3 is substantially made up of the common
resonant frequency of the antenna elements 3. However,
this signal is not generally re-directed straight back to
the original signal transmitter and receiver since the
angle of reflection from the transponder depends upon the
angle of incidence at which the transmitted signal strikes
the transponder. It is, therefore, desirable to achieve a
certain amount of retrodirectivity, that is re-directing
the reflected signal from the transponder back in the
direction from which the signal originated.

As shown in Figures 8 and 9, a ground plate 1 is
provided upon which is deposited a dielectric substrate
layer 2. Referring specifically to Figure 9, two
connection lines 4A and 4B of equal length are laid down on
the substrate 2, preferably using conventional microstrip
techniques. A further substrate layer 5 is deposited over
the connection lines 4A,4B and four microstrip antenna
elements 3 are laid down on top of the second dielectric
substrate layer 5. The antenna elements 3 are in the form
of square loop elements. The centre of each square loop is
positioned over one end of each of the connection
lines 4A,4B so that each connection line 4A,4B couples a
pair of antenna elements 3.

The antenna elements 3 are separated from the
terminations of the connection lines 434,4B by the second
dielectric substrate layer 5. Thus, the antenna elements 3
are proximiﬁy coupled rather than direct coupled to the



- FIGURE 2 is a schematic representation of a Van Atta array;
FIGURE 3 is a plan view of a Van Atta array and the interconnections

_therefor;
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connection lines 4A,4B. Using the Van Atta technique
requires the use of equal lengths of connection lines, so
that the incident wave is reflected back in the same
direction from whence it came. This same principle has
been used in the embodiments shown in Figures 8 and 92, but
has been implemented using microstrips. This differs from
the conventional Van Atta array connection lines which use
co-axial cables so that the signal is propagated along the
shielded co-axial cable as shown in Figure 15. In
contrast, the microstrip implementation of a Van Atta array
means that the connection lines are not shielded, or at
least only partially shielded by the ground plate (see
Figure 16), and thus can introduce undesirable radiation
effects due to parasitic coupling with the other antenna
elements on the top surface of the transponder. This
effect can degrade the retrodirectivity effect. Mutual
coupling effects between respective connection lines also
serve to degrade the retrodirectivity effect provided by
the Van Atta array. However, using careful microstrip
connection line routing and feeding technigques, it is
possible to minimise any mutual coupling effects, thereby
maximising the retrodirectivity effect of the array. Such
an optimised routing of connection 1lines is shown in
Figure 9. It should be noted that the connection lines do
not cross one another, and the distance between connection
lines is maximised. The distance between respective
connection lines should be at least a quarter of the
wavelength of the signal carried by the connection line,
i.e. a quarter of the guided wavelength.

Figure 17 shows a transponder in which the
connection lines are equal in length but are located on the
substrate in an arbitrary manner, in contrast to the
optimised connection line routing shown in Figure 9. The
drop in retrodirectivity effectiveness is marked and is



FIGURE 4 is a schematic circuit diagram of another form of known

identification transponder:; FIGURE 5 is a side view of a
_ transponder enbodying the present invention; FIGURE 6 is a plan
" view of the transponder of Figure 5; FIGURE 7 is a graph show ng

the frequency response of the transponder of Figures 5 and 6;
FIGURE 8 is a side view of another transponder

=10~

illustrated in Figure 18 which shows the easily resolved,
single peak, resonance exhibited by a transponder with an
optimised connection line layout (see Figure 9) as opposed
to the double peak effect exhibited by the non-optimised
connection line transponder of Figure 17. '

As previously described, the preferred method of
coupling the connection lines to the antenna elements is by
means of proximity coupling as shown in Figures 8 and 9.
Whilst the connection lines 4A,4B can be connected directly
to the antenna elements 3 as shown in the embodiment of the
transponder in Figure 19, the proximity coupling method is
preferred. This is because the resonant frequencies of the
antenna elements 3 are determined by the dimensions of the
radiating structure and would, in the case of direct
coupling, include the feed line from the connection line
which would effectively add extra length to the antenna
element 3 and therefore produce spurious lower resonating
frequencies in addition to the primary resonant frequency
of the antenna eiement. This could result in false
identification resonant frequencies being reflected, or
even creating shifts in the resonant frequency at high
angles of signal incidence. Examples of the effect that a
change in the incidence angle © has on the perceived
resonant frequency of an array of direct coupled antenna
elements is shown in Figure 20.

When @ = 0°, a good single resonance peak is
achieved, at incidence angles of 6 = 20° and 40°, secondary
peaks are formed. In the case of & = 40°, the secondary
peak even has a greater amplitude than the primary peak.

The RF signal comprises an electro-magnetic wave
which arrives at the transponder at arbitrary
polarisations. To provide a stable resonant frequency



enbodyi ng the present invention; FIGURE 9 is a plan view of the
transponder of Figure 8; FIGURE 10 is a graph show ng the

conpari son between a Van Atta array and the transponder of Figures 8 and 9;
- FIGURES 11, 12, 13 and 14 are schematic plan views of various antenna

elements for use with the present invention; FIGURE 15 is a
cross-section through a conventional co-axial transm ssion |ine;
=11~

which is not substantially affected by changes in the
polarisation of the RF signal, the microstrip antenna
elements 3 can be provided with a loaded stub. Figure 21
shows the loaded stub 10 attached to an antenna element 3
in the form of a square loop element. The loaded stub 10
projects from an outer edge of the loop element almost to
the centre of the loop element.

The stub is placed in an orientation which helps to
shift the incident polarisations so that the antenna
element has the same resonant frequency for incident
transverse electric fields and magnetic fields.
Effectively, the stub increases the electrical length of
the antenna, i.e. reduces the resonant frequency for that
particular polarisation. For example, if the electric
field E is incident along a Y access and the magnetic field
is incident along an X access and if the resonant frequency
of the transverse magnetic field, then a stub is placed
symmetrically along the Y access at the connection line
interface. This helps to increase the electrical length
for the transverse electric field so that its resonant
frequency will decrease and should lower to match the
transverse magnetic field frequency.

Whilst previous embodiments of the invention have
described the use of connection lines of equal length, the
embodiment of the transponder shown in Figure 22 utilises
connection lines of unequal length. In this embodiment the
connection lines 4 must have a length which is an integer
multiple of the wavelength i, of the guided RF signal * an
integer multiple of half the guided wavelength, i.e.
rit(pA./2), where r and p are integers. Thus, all the RF
signals being reflected back will be in phase with one
another. This allows the connection lines to be laid out
in an optimal' manner without sacrificing the



FIGURE 16 is a cross-section through a mcro-strip substrate for use with
the present invention; FIGURE 17 is a schematic plan view of
antenna el enments coupled to arbitrary connection |ines;

-12-

‘retrodirectivity effect achieved by the coupling of antenna
elements in pairs. The use of connection lines of unequal
iength also helps to reduce any mutual coupling between
connection lines, since the connection lines of unequal
length would not be resonant at the same frequency. The
same considerations as for equal length connection lines
apply to the routing of connection lines of unequal length.

Another advantage of unequal connection lines is
that the lines need to be cornered or bent less than would
the same number of connection lines of equal length (see
Figure 17). Bends and corners result in undesirable
radiation effects so it is advantageous to keep such sharp
discontinuities to a minimum.

The above-described transponders will have a single
common resonant fregquency which is determined by a number
of factors including the dimensions (M x N) of the array of
antenna elements, the size of the antenna elements, the
substrate characteristics, the length of any connection
lines inter-connecting the antenna elements and the method
by which any connection lines are coupled to the antenna
elenents. It is also possible to alter the resonant
frequency of an array of antenna elements by using
different configurations of antenna element. Figures 11 to
14 show four examples of possible antenna element
configurations. Figure 11 shows a circular loop element,
Figure 12 shows a square loop element, Figure 13 shows a
square patch element and Figure 14 shows a circular patch
element. It is, of course, possible to use antenna
elements of any shape, although polygonal and circular loop
elements and patches are preferred.

It is also possible to provide a transponder having
more than one resonant frequency. Figure 23 shows an



FIGURE 18 is a graph conparing the frequency response of antenna
el ements coupled to arbitrary connection lines with the frequency
response of antenna el enments coupled to optim sed connection |ines

* enbodyi ng the present invention; FIGURE 19 is a schematic view of
antenna el ements for use with the present invention directly connected to
connection |ines; FIGURE 20 is a graph indicating the variation

of frequency response of a transponder-igaving directly coupled connection
| i'nes dependi ng upon the angle of incidence of

example of an antenna element 3 consisting of three
concentric square loop elements 3A, 3B, 3C which are
proximity coupled to a common connection line 4. An array
of such antenna elements would provide a transponder having
three resonant frequencies.

Referring to Figure 24, another method of allowing
a transponder embodying the present invention to have more
than one resonant frequency involves the sequential
stacking of a ground plate 1, a first dielectric substrate
layer 2, a first series of connection lines 4, a second
substrate layer 5 and a first array of antenna elements 3.
This structure provides a first common predetermined
resonant frequency. In addition to this structure, a third
dielectric layer 6, a further series of connection lines 7,
a fourth dielectric layer 8 and a second antenna element
array 9 are sequentially deposited over the first array of
antenna elements 3.

The resultant structure has two arrays of antenna
elements 3,9 each of which has a respective resonant
frequeﬁcy. Further resonant frequencies can be provided by
stacking further layers of dielectric, connection lines and
arrays of antenna elements.

An RF transponder reader or interrogator can be
provided for use with any of the above transponders. The
reader generates and transmits signals at a range of

frequencies f£,, f£,, f3, ... £ wherein the resonant

n’
frequencies of the one or more arrays in a respective
transponder are reflected, thereby allowing identification

of the transponder.

As shown in Figures 25 and 26, the transponder need
not include a ground plane. This has the advantage of



- the wavefront; FIGURE 21 is a schematic representation of an
antenna el enent for use with the present invention provided with a stub;
FIGURE 22 is a schematic representation of an array of antenna el enents for
yse with the present invention coupled to connection |ines of unequal

| engt h using optim sed routings; FIGURE 23 is a schematic
representation of nultiple | oop antenna el enents for use with an enbodi nent
of the present invention; -14-

producing a very narrow bandwidth transponder (0.7% to 1%
at 3dB from peak reflection). There is no retrodirection
effect but the narrow bandwidth enables the number of
frequency identification codes to be increased within a
given frequency spectrum. Such an arrangement is also
useful for linear polarisation as opposed to the previously
described dual polarisation.

In contrast to known transponders, the array of
antenna elements are designed for relatively narrow
bandwidth operation.

The antenna elements 3 making up the array are thin
rectangular loops 3 having a length in the region of
approximately half of the guided wavelength (0.5 4,) and a
width of between 0.015 A, and 0.1 A,.

In another embodiment shown in Figure 27, the
antenna elements 3 each comprise a rectangular loop formed
with a discontinuity or gap 10 to create a C~type element.
This design provides a narrow bandwidth and compared to the
thin rectangular loops 3 of Figures 25 and 26 better
suppresses undesirable scatterings at much Thigher
frequencies than the resonant frequency.

A further embodiment is shown in Figure 28. The
antenna array'comprises a plurality of units cells 11, each
consisting of a block of four square C-type elements 12.
Each C-type element 12 in a cell 11 is rotated 90° with
respect to its two neighbours. This arrangement has the
advantage of a compact design, the unit cell size being
only 0.4 A, x 0.4 A,. Moreover, the peak scattering is
stable at the resonant frequency for orthogonal
polarisations which would allow the reader antenna beam to
be 1less sensitive to polarisation. Mutually rotated



- FIGURE 24 is an expl oded view of stacked antenna el ement arrays enbodyi ng
the present invention; FIGURE 25 is a side view of a transponder
enbodyi ng the present invention;

-]15-

antenna elements in an array have been advocated in
radiated antenna arrays but have not been applied in
passive arrays such as in accordance with the present
invention.

Another embodiment shown in PFigure 29 divides the
antenna array up into a number of columns 21,22..n which
are herein termed mmcroceils. Each macrocell 21,22..n
consists of a column of identical antenna elements 3 or
unit cells 11 of sequential rotated C-type elements 12.
The macrocells are spaced sufficiently far apart, for
example, 0.5 1,, such that there is little or no coupling
between adjacent macrocells 21,22..n. The antenna elements
3 in each macrocell are resonant at their unique frequency.
Thus, the antenna array comprises a number of macrocells
21,22..n each having respective resonant frequencies so as
to define a set of V resonant frequencies in any one array.
Each frequency comprises an element .of an identification
code so that the identification code comprises the
combinations of V frequencies. Multiple layers of further
substrates 2 carrying macrocells 21,22..n having different
resonant frequencies can be stacked on top of one another
(see Figure 30) to increase the number of identification
codes further.

In another embodiment, an object is to increase the
nunber of identification codes using both the division of
an array into unique macrocells and beam scanning from the
reader. If the invention is arranged in one dimension of
macrocells 21,22..n, as shown in Figure 29, then the
corresponding reader beam is required to scan in one
dimension. For planar structures, the antenna array is
divided into two dimensions of macrocells 21,22..n so the
reader beam scans in two dimensions. A single macrocell
21,22..n may consist of a column of identical elements 3 or



FIGURE 26 is a plan view of the transponder of Figure 25; FI GURE
27 is a plan view of a transponder enbodying the present invention having
an antenna array of C-type antenna el enents; FIGURE 28 is a plan
* view of a transponder enbodying the present invention having an antenna
array conprising an array of unit cells of C-type antenna el enents;

FIGURE 29 is a plan view of a transponder enbodying the present invention
havi ng an antenna array conprising a -16-

a column of unit cells 11 of sequential rotated C-type
elements 12. The antenna elements can be square loop,
patches, etc. However, the antenna elements 1like thin
loop, thin C-type or unit cells of sequential rotated C-
type elements give much narrower bandwidth so more
identification codes can be used in a given spectrum.

For one dimension -scanning, a narrow radiated
microwave beam from the reader will be required to scan
horizontally across the columns to sense the presence of
each column as shown in Figure 29. If V resonant
frequencies have been chosen with U columns, each time the
radiated beam is focused at a particular column of
elements, say, column 1, the resonant frequency, say, £3
will be backscattered at its maximum value to indicate its
presence. As the beam scans the next column, column 2.
consisting of elements 3 or unit cells 11 resonating at f1,
the resonant freguency fl1 is backscattered. Since the
columns of elements/unit «cell are interchangeable
spatially, the resonant frequencies are unique in space.
Hence, the number of identification codes are increased.
Thus, for U columns and V resonant frequencies, the number
of identification codes would be VY. For example, 10
frequencies and 6 columns gives 1 million identification
codes. The number of identification codes can be increased
further using multiple stacked layers of macrocells.

The number of identification codes can be increased
even further using two dimensional macrocells. An antenna
array would consist of U columns and X rows of macrocells.
Each macrocell would be resonating at one particular
frequency in a set of V frequencies. Thus, for a two
dimensional array, the number of identification codes would
be V=X, This embodiment would also require a two
dimensional reader for scanning in two dimensions.



- plurality of macrocells of antenna el enments of conmon resonant frequency;
and FIGURE 30 is a side view of the transponder of FI GURE 30
stacked onto a further transponder. Referring to Figures 5 and 6
"a sinple formof RF identification transponder enbodying the present

I nvention conprises a ground plate 1 upon which is deposited a dielectric
substrate layer 2. An array of MN antenna elenents are fornmed on the
dielectric substrate 2. The antenna elemts 3 in the array are al
substantially identical. In the exanple shown in Figure 6, M= 4 and N = 3
to create a regular rectangular array of 12 antenna el enents, each antenna

el ement 3 compri sing 13y R CLATE Wurdtddie ' BBD Hedn S U ibed "gs1Y ENNA

el enents are )
dielectric, the substrate may also be manufactured from a

ferrite, isotropic or anisotropic material.

The metalisation material of the antenna elements
may be replaced by a high temperature super conductor to
reduce the bandwidth and/or to achieve a higher Q.

Of course, whilst the transponder has been |
described as a substantially passive device, it is to be
appreciated that the invention would apply equally to
achieve transponders.
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. Qonstructed‘_B_HEVE‘aftﬁﬁﬁﬁn -predeterm ned resonant frequency f[err]. Thus,

when t he traq ures 5 and 6 is irradiated by a range of
frequenci es f?"ﬂ'ﬂm”m’igﬂ .. fl[err], then primarily only the
" predet er m ned *r esonan n cy flerr] is reflected back by the

transponder. It is, of course, inportant that one of .the . frequencies which

irradi ates the - VTHIS SHEET HAS BEEN
-18- REPLACED
CLAIMS:
1. An RF identification transponder comprising:

a substrate layer; and

an array of M*N antenna elements formed on the
substrate layer, wherein the antenna elements have a common
predetermined resonant frequency f, and M and N are
integers.

2. A transponder according to Claim 1, wherein each
antenna element is connected to another one of the antenna
elements by a connection line.

3. A transponder according to Claim 2, wherein the
connection lines are all of equal length.

4. A transponder according to Claim 2, wherein the
connection lines are.of unequal length.

5. A transponder according to any one of Claims 2 to
4, wherein each connection line has a length of ri t(pi./2),
where r and p are integers.

6. A transponder according to any one of Claims 2 to
5, wherein the connection lines are routed in or on the
substrate to minimise mutual RF coupling therebetween.

7. A transponder according to any one of Claims 2 to
6, wherein the connection lines do not cross one another in
or on the substrate layer.

8. A transponder according to any one of Claims 2 to
7, wherein the connection lines are spaced apart by at

least a quarter of the guided wavelength. - e —
This Sheet Has Been
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. transponder is substantially equal to the resonant frequency of the antenna
el enments 3 toensure efficientrefl ection. Thus, in a transponder
r eader system nunber of transponderssuch.as. the ane

* shown in Figur Ejmmmmj aving a different resoph3HIS SHERIUHASBEENAEN
i rradi ated by t kcange ® requenci es (conprising a spectr gppphitipe
resonant frequencies of all the transponders), each tr!
identified by the highest anplitude freggency reflected back, being the

resonant frequency for that transponder. As shown in Figure 7, the
resonant frequency A[ érahspondelre aiccortionyicro smpwone 6fgglaims andds, is

substanti ol by Gildlesh? nd® derblAdd 4 1468 806 cohfbbkea atrectly to

the antenna elements.

10. A transponder according to any one of Claims 2 to
8, wherein the connection 1lines are separated from the
antenna elements by at least a portion of the substrate
layer and are proximity coupled to the antenna elements
through the substrate layer.

11. A transponder according to any preceding claim,
wherein the resonant frequency £, is determined by the size
of the individual antenna elements.

12. A transponder according to any preceding claim,
wherein the resonant frequency f, is determined by the
dimensions (M*N) of the individual antenna elements.

13. A transponder according to any preceding claim,
wherein each antenna element comprises a loop element or a
patch element.

14. - A transponder according to Claim 13, wherein one or
more of the antenna elements comprise multiple loop
elements such that each antenna element has more than one
predetermined resonant frequency £..

15. A transponder according to Claim 13 or 14, wherein
the antenna elements are of a polygonal or circular
configuration.

16. A transponder according to Claim 13, wherein the

antenna element comprises a C-type loop element.

N T



It is preferable that the resonant frequencies are chosen to be of a narrow

band width so as to maxi m se the spectrum of resonant frequencies that can
be used for iden A particularly.conveni ent nmethod for

* producing a narrl)‘“llﬁﬁ‘"“l“"lﬁﬂﬂonant frequency i$THs gﬁ&pm‘gm -strip
antenna. The resofiant f¥eduerfcy*i s predom nantly dépend %,L.E

di mensions (MN) of the array, the size of the indkwiddal ~Ana_ellenent s

3 within the array, the relative perm+204ty of the dielectric substrate,

the I ength of any connection lines inter- connecting the antenna el enents 3

and t he nettd by vﬂhitﬂamgom@adardiriméx Slaimoapl, edheveihethat@nna

el enent s. bt is!B° enifl L ARHARIA 10B3C4eGARd SRR o

characteris e m<crostrip antenna el enent t TS, p055|bleto

effect ref |®cﬁ¢mmub%mosmmeru ng of a predeterm ned resonant frequency.
For a fixed frequency,

18. A transponder according to any preceding claim,
wherein one or more  further arrays of antenna elements
carried on respective substrate layers are provided,
respective arrays comprising antenna elements having common
predetermined resonant frequencies f£,,f.,,£f.4,..- £, the
transponder- thereby having at 1least two resonant
frequencies £,,,f.,.

19. A transponder according to Claim 18, wherein the
respective substrate layers carrying the arrays are stacked
on top of one another.

20. A transponder according to any preceding claim,
wherein a stub is provided on one or more of the antenna
elements.

21. A transponder according to any preceding claim,
wherein the substrate is formed on a ground plane.

22. A transponder according to any preceding clainm,
wherein the substrate is a dielectric material.

23. A transponder according to Claim 22, wherein the
resonant frequency £, - is determined by the relative
permitivity of the dielectric.

24. A transponder according to any one of Claims 1 to
21, wherein the substrate is a ferrite, isotropic or
anisotropic materials.

This Sheet Has B
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the array woul d %‘i\si\ofng plurality of substantially identical antenna
rt a

el enents 3, spa?w confi gured to optimse
scattering. It W ed\ha{ t he size of the g _ i S
* inversely proporfio /// onant frequency. HHIS SHEETIHAS BEEN
transponders can be ”/S REPLACED '
_21_
25. A transponder according to Claim 24, wherein the

resonant frequency £, 1is determined by the relative
permeability of the ferrite material.

26. A transponder according to any preceding claim,

wherein the array of antenna elements is divided into a

number of macrocells, each macrocell containing antenna

elerents of a common predetermined resonant frequency, each |
macrocell thereby having a resonant freguency.

27. A transponder according to Claim 26, wherein the
resonant frequencies of the macrocells in an array of
antenna elements are different from one another.

28. A transponder according to any preceding clainm,
wherein the antenna array comprises a plurality of unit
cells each consisting of a block of C-type antenna elements
rotated with respect to one another within each unit cell.

29. A transpondei- according to Claim 28, wherein each
unit cell comprises a block of our antenna elements rotated
at 90° with respect to one another.

30. An RF transponder reader in combination with a
transponder according to any preceding claim, the reader
comprising: means for generating and transmitting signals
at a range of frequencies f,,f,,f;,...£f,, wherein at least
one of the frequencies in the range of frequencies
£f,£:,f5,...£, is substantially equal to the or each resonant
frequency £, of the transponder; and means for detecting
said one or each resonant frequency f,.

This Sheet Has Been R Iaced
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- produced to operate in the mcrowave frequency range. The signa
reflected froma particular array of antenna elenents 3 is substantially
made up of the common resonant frequency of the antenna el ements 3.
"However, this signal is not generally re-directed straight back to the
original signal transmtter and receiver since the angle of reflection from
the transponder depends upon the angle of incidence at which the
transmtted signal strikes the transpor@e~ It is, therefore, desirable to
achieve a certain anmount of retrodirectivity, that is re-directing the
reflected signal fromthe transponder back in the direction fromwhich the
signal origi O As shown in Figures 8 and 9, a ground plate 1
is provided upon &%Fch is deposited a dielectric substrate

AN RF IDENTIFICATION TRANSPONDER"

An RF identification transponder comprising: a
substrate layer; and an array of M*N antenna elements
formed on the substrate layer, wherein the antenna elements
have a common predetermined resonant frequency £, and M and
N are integers.

[FIGURE 6]
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| ayer 2. Referring specifically to Figure 9, two connection |lines

4A and 4B of equal length are laid down on t [ eR ef erably

usi ng conventional mcrostrip techniques. A GHISBHE eqayer 5is

- deposited over the connection |ines 4A 4B an§ fourREH i nt enna

elements 3 are laid down on top of the secon ' Ctric substrate | ayer 5.

The antenna elenents 3 are in the formof square Iogagelenents. The centre
I

of each #quare |l oop is positioned over one end of eagh of the connection
| i nes , 4B so that each connection |ine 4A 4B coupleX a pair of antenna
el enents, 3. The antenna el enents 3 are sepag{ated fromthe

term ions of the connection lines 4A 4B by the se d dielectric
substr@te layer 5. Thus, the antenna elenments 3 are prjoxi mty coupl ed
rat her{than direct coupled to the

A4 M4

<7 AN 7 diodes

50Q
500
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o

. -9- connection lingss4A, 4B. Using the Van Atta technique requires the

use of equal length
reflected back in t
“ principle
has been i npl enen

of connection lines, so that e LL.ncident wave is
same direction from whenge—i Ye¥RhRt Thi s sane

sed in the enbodi nents shgwn in Figures 8 and 9, but
sing mcyostrips. This/differs from
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_ the conventional Van Atta array connection |ines which use co-axial cables

so that the signal is propagated along the shielded cgp-axial cable as
shown in Figure 51, In contrast, the m cfosfrri g/i npl ementation of a

- Van Atta array ne that the connection |lines are/not shielded, or at
| east only partially shielded by the ground plate (see Figure 16), and thus
can introduce undesirable radiation effects due to parasitic coupling with
t he other aptenna el enents og the top surface of, the tyapspondeyr. Thi s
ef retrod [ effecf\/'NUtual couplinyeffects
bet

nnectionili 0 serve |to degrafle the

~gred Yar—Attte—array- HMowever, using
ing and |f eedi ng fechniques, it is
possible to 3 pupl i hg ef fectls, therepy nmaxim sing the
retrodirecti —of thé¢ actay. Buch an (dptinised}routing of
connection lifnes is ghown in Kkigure 9.|11t shoulld be notgd that the
connecti on | itres—~de

careful mecr

THIS SHEET HAS BEEN
REPLACED

(.

L I



This Sheet Has Been Replaced

. Eiating slemENS anot her, e between c i S
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elements
radiaémg ? ustrated in Figurezl8 which shows_,the eas Iy Lf ol ved, singhe
peak, \hPesonance exhi bit ed a transponderowi th an opgiinrsed connectPon
l1ine | ay Onul, as—opposed-tothe doulfla.

oY

* by theln l? i mfsed conpectlon I ne transponder:of i gure 17.
previ ous fEiEleSs( fiibed, the mef&ﬂ%ﬂﬁﬁﬁﬁﬁ?ﬁf%ﬁmm?ﬂgfﬂgﬁbﬂmafP&f!|
o R nments;is by ans of. proxi mty coupling as shown in

Fi gures
directl

i
=
E
;

| st/ t he comnectlan | i nes 4A:4B can be connecte

connection lines

'.......-.....‘C..

" - -
2 '\\\//‘ 2 ! 5 “A f’}E}LJfGLf7

» * - ¥ » » - [] -
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to tAe
Fi gur e ]
r esonar
- di mensii
couplig
=~ effecti
spuri og
n frequed
Q identif
shifts
_/Exanple
t he perj
el enent

111

B._

LVAIVLIUBSLALLY DN\ D

'&H't"e'ﬁﬁa‘"eilzllcllta S—as—sthowr—ir—the—enbodient—of
t frequenC|es of tenna el enments 3 are determ ned by t
ons of the radiating stru e and would, in the case of di
g, include the feed Iine fronm connection i ne which
vely add extra length to the ant enn enent 3 and t her ef
s |ower resonating frequencies in addit) to the primar
cy of the antenna el enent. This coulsd res in fal se
i cation resonant frequencies being reflécged
in the resonant frequency at high angl es ofy signal
s of the effect that a change in the incidenee angle [
ceived resonant frequency of an array of diregs coupled an
S is shown in Figure 20. .

.

r
r

]
A

radiating efements

the tTansponder
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which is not substantially affected by changes in the polarisation of the
~ RF signal, the microstrip antenna el ements 3 can be provided with a | oaded
stub. Figure 21 shows the | oaded stub 10 attached to an antenna el ement 3
. in the formof a square |oop elenent. The | oaded stub 10 projects from an
outer edge of the loop elenent alnost to the centre of the | oop el enent.
The stub is placed in an orientati-or ich helps to shift the incident
pol ari sations so that the ani€ $ N\ has thq,éﬁﬂ@“kesonant frequency
for incident transverse and”™ nmagnetic fields.
Effectively, the stub in |1 engt h of

Coaxial

Microstrip J:bu e b I



t he antenna, |
pol ari sati on.
access and the
tesonant frequd
symmetrically 4
hel ps to increg
so that iu%ﬁ%_s
transverse gn
of the inventiqg
| ength, the enf

conneCELon i ne
4 nust~have a |

d RF SEms

AETTTEUUCES T hETTESonant Tt requency - fortnar-partieurar
For exanple, if the electric field Eis incident along a ¥
magnetic figd=Ts~ryicrdent al ong g X-acress=and if the

ncy of the transverse maghetic fikl d,

long the Y daccess at the ponnectlon line interfiace. This

se thelgResetrical |ength ?or t he transverse el ectric field
onant frequency-wtig decrease and shouhd“rower“to mat ch t hé
etic field frequency. i V%llst iprevi ous embodi ment
n have descri bed the use Df connectlon Ilnes of equal

odi ment of the transponde? shown. i o Flgure 22 utilises

e e

s of unequal lengthi In ?fls enbodi menti t he connggtlon i ne
mul tiple of tihe mavel:ngth [err]

ength Wh ch is an |atege

BILERNSREPENARR AL,

then a stiub is-placed
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. i_nte@ mai tipl e of natf the gurded waverength, i.e. r[errj(pLerr]’72),
- Where 1 Eﬁlrisélft?oddycﬁaﬁrlﬁ}es-rh“s all the RF signals being reflected bac
will be i hase W ty1 one an r. This allows the connection lines to b{
taid ot in an opt i mal manner wi t hout sacrificing the
-12- 4 . . .
E ] arbitrary connection lines
é ~
- i
SR
A B
2]
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retrodirectivitly effect achieved by the coupling of antenna elenents in
pairs. The use jof connection lines of unequal length also helps to reduce
any nut ual cou-llng betmeen connection lines, since the connectlon lines o

gty of 1x4 array wi
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It is also.possible to provide a trdnEponder having nore than one resonant
frequency. Fi gure 23 shows an- - 13-
éxanpl e of an antenna el enent 3 condisting of three concentric square | oop

. elements 3A, 3B, 3C which are proximty coupled to a comopn connection |line
4. An array

sessasnanesEsREtEn
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: o "
. of such &nttenna el ements woul d pyovi de a¢ ransponder having tnree resortart
- frequenciieg. ' Referri to Figur@ 24, another nmethod of allow rig ia
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B cl enents 3,9 each of
8 resonant_frequencies can

S i C, CO egtion | i nes and
200 reader or
: above transponders.

aange of frequencies
Bt he resonant frequencies
nder are re cted,
r. ' As shown in

de a grou pl ane. Thi s
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useful for linear
“pol ari sation

ant enna el enle%(? S
~-The ant enna el enent

having a length in the
wavel ength (0.5 [erg)

I n nother enbodi ne

cQ a rect angul

a C—t el enent .
Bge 3

rast to known W ansponders,
RTOr T&latively marrow baned

i{dt h ?'be
Fi gure 27, the antenna el ement 4 3
Nmed with a discontinuity g

ch
i 10to create

radiating elements
Hquel 26 T seer was Been |
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.This design provides a narrow bandw dth and corrpared to the thin

“rect angul ar | oops 3 of Figures 25 and 26 bet desirabl e

'scatterings at nuch higher frequencies thﬂ‘HtSrggEg‘smrgggw quency.

F furt er enbodi ment is shown in Figure 28. The amnggrray onprises a

nty of units cells 11, each consisting-of—-a 6 oWl square

ype el enrents 12. Each C-type elenment 12 in a ceII 11 is rotated 90[err]

vvrth respect to its ZWwo nei ghbour22 This arrangenent Rhas the advantage of a

conpact design, the7unit cell sijze being only O. [err] x 0. 4 [err]

Mor eover, the pealf scattering,i t ab abesssteh eson t quency for

ort hogonal pol ari C@‘@“\Aj’r h@i‘#@%ﬁr dw t he 33 a beam tao be

| ess sensitive porarisatiomn. Vot oar iy 1ot area g )
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. . . . A
-'15- antenna elenents in an array have been advocated in radi ated anté%wgﬁ"{

arrays but have not been applied in passive arrays such as in accordance WOIU
with the present invention. Anot her enbodi ment shown in Figure 29
di vides the antenna array up into a nunber of colums 21,22..n which

’

N
e

] M Mb ||

N/ AN N7 diodes

M2

500
500

A2

FIG !



are herein ternmed nmacrocells. Each macrocell 21,22..n consists of a
colum of identical antenna elenments 3 or unit cell " et _
rotated C-type elenents 12. The macrocell s are spacgd : ﬁHﬁEI.r
apart, for exanple, 0.5 [err], such that there is |jt} |
bet ween adj acent macrocel I's 21,22..n. The antenna ¢ gmeh0sDE(Citgogaq
macrocell are resonant at their unique frequency. 'hq§, the antenna @

.conprises a nunber of macrocefls 21,22..n each havijng réespective—+espnant
frequencies so as to define ajsget of V resonant fregquencies in any ope
array. Each frequency conpris an elenment of an identification cote so
that the identificati code npri ses the conbinations of V frequenci es.
Mul tiple |ayers of furthe strates 2 carrying macrocells 21,22..n having
di fferent resonant frequencies n be stacked on top of one another (see
Figure 30) to increase the nunber o~ demtification codes further.

Y¢-5¢ Yo Yas Y b Y bes Yi

¢:phase
FIG 2
! 2 3 A
5 6 7 8
9 10 11 12
13 1% 15 1%

FIG 3



I n anot her enbodi nent, an object is to increase the nunber of

I dentification codes using both the division of an array into unique
macrocel | s and beam scanning fromthe reader. If the invention is arranged
i n one dinension of macrocells 21,22..n, as shown in Figure 29, then the
correspondi ng reader beamis required to scan in one dinension. For planar

struct fIf i It rray is diyided into two dinensions of macrocells
21, 22. nﬁ§%A@ Eﬁ@éﬁ@* beam scans i N\t di mensi ons. Af@ﬁﬂﬂea crocel
21, 22. Infmay consi st o[ columm of Mentical elenments 3 or

10 DEC 1996
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FIG 6



a colum of unit cells 11 of sequential rotated Ctyp
antenna el enents can be square | oop, patches, etc.

elenents like thin loop, thin Ctype or unit cells of
type el enents give nuch narrower bandwi dth so nore id

be used in a given spectrum For one dinmensio
radi ated m crowave beamfromthe reader will be requ
hori zontal |l y across the colums to sense the presence
shown in Flgure 29. If V resonant frequencies hav
col ums, g&:h time the radiated beamis focused at a particular colum of
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el enents, say,

colums of

frequenci es,
exanple, 10 frequg

colum 1, the resonant freg
backscattered at i i i
scans the next col um,
resonating at f1,

L

t he resonant frequency
eIeMﬁ{sﬁum4~ ~cel |
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identification codgs are increased.
t he nynber of identification®

are
~space.

| be
As t he beam
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Since the
t he

codes. The nunber df identification codes can bedin usi ng

mul ti pl e stacked | gyers of macrocells.
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Each macrocell would be resonating at one particul ar freqyeresy.in.a_set of

V frequenci es. Thus, for a two dinensional array, the nynBERLAGEMENT cur--
i dentification codes would be V[err]. This enbodi nen A
require a two dinensional reader for scanning in two di
-17- !
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‘Al t hough the substrate has been described as a dielectric, t
may al so be manufactured froma ferrite, isotropic or anisotj
The netalisation material of the antenna el enments nay be repl
t enperature super conductor to reduce the bandw dth and/or {o
hi gher Q O course, whilst the transponder has begn describe

a substantial | yAgassive device, it is to be appreciated that ' |

woul d apply equallly to active trans nd’e/rsgpﬁmised Connection Lines
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- 18- CLAI MS: 1.

identification transponders, each of which conprises:
| ayer; and

| ayer, wherein the antenna el enents have a conmon

frequency flerr] and Mand N are integers,
system having a different predeterm ned

respective different
identification of the transponders.

r esonant
resonant frequencies of the

A transponder systemconprising a plurality of RF

a substrate

an array MN antenna el enents formed on the substrate

ernlned r esonant

each of tﬂﬁamciamy p,O‘gu
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2. A transponder system according to C

L1, wherein each antenna
el enent is connected to another one of the ant Jus By-.g connection
l i ne. 3. A transponder system accordirg to L2 ZSHﬂﬂé ein the
connection lines are all of equal |ength. 4. A transpopder system
according to Claim2, wherein the connection lli pest @DEigggnefiupl | ength.
5. A transponder system according to anyJope of Clalns to 4, wherein
each connection line has a | ength of r[err](pr and p are
I nt egers.
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6. A transponder system according to any one of C ai nsrz-re-g,-.w
the connection lines are routed in or on the substrate to i rﬁgﬁiﬂ‘é{%ﬁﬁwﬂuﬁugﬁ
RF coupl i ng therebetween. 7. A transponder system agcqrdi

one of Clains 2 to 6, wherein the connection |lines do not ¢r Sy t he
in or on the substrate |ayer. 8. A transponder syst¢ '

any one of Clains 2 to 7, wherein the connection |ines are
at |east a quarter of the guided wavel ength. |

3¢
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-19- 9. A transponder system according to any one of C A

wherein the connection lines are connected directly to the anfenhna

el enent s. 10. A transponder system according to any one fof ct & REC1996
8, wherein the connection lines are separated fromthe antenna jgl enents by

at least a portion pf the subgtrTate tayer and are proxi mty[doupled to the—
antenna el enents thypugh the substrate | ayere
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11. A transponder system according to any preceding claim \M}ﬁg_r;gjm;cw GQHEET ‘
. LIES o |

resonant frequency f[err] is determned by the size of the indi .
antenna el enents. 12. A transponder system accordi ng tojahy precedi ng
claim wherein the resonant frequency f[err] is determ ned byjthe 0 DEC 1996

di mensi ons (MN) of the individual antenna el enents. 13.

t ransponder system according to any preceding claim wherein
el enent conprises a | oop elenment or a patch el enent. 14.
system according to C aim 13, wherein one or
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antenna el enent has nore tfan one predeterm ned resonant frequency er

nore-of 4 he antenna elenents‘éonprise mul tiple | oop el ements such t qy.g?eﬁ
r].

purl

A

15. A transponder system according to Claim13 or 14, wherein the
antenna el enents are of a pualygonal or circular configuration. 16.

transponder system according to Claim 13, wherein the antenna el enent
conprises a CGtype | oop el enent. -1-

A TRANSPONDER SYSTEM

THIS INVENTION relates to a transponder system.

Radio-frequency (RF) including microwave freguency
N transponders are used for contactless identification,
remote location and tracking of physical objects to which
the transponders are fixed. Such transponders are used in
'supermarkets, for warehouse inventories, on vehicles and on
personnel. Typically, each transponder has a unique
identification code which is modulated and transmitted on
an RF carrier or microwave frequency. The transponder is
interrogated by a reader which transmits an RF signal to
the transponder. The transponder responds by returning its
identification code to the reader.

So-called passive transponders often employ
transmitters powered by the radio frequency or microwave
signal received from the transponder reader. Power
conversion circuitry is provided in the transponder but is
often restricted by the performance of the diodes and other
components therein. As a result, the range of so-called
passive transponders (such as the transponder shown in
Figure 1 of the accompanying drawings) is severely limited,
especially in the microwave frequency range of above 1
gigahertz.

g E\W4Ahs
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-20-.  1v. A transponder system according to Claim16,. wherein the C
type elenent is a thin rectangular |oop fornmed with a discontinuity or gap.
18. A transponder system according to any preceding claim wherein one
or nore further arrays of antenna el eents carried on respective
substrate layers are provided, respective arrays conprising antenna

el ements havi ng common predeterm ned resonant frequencies

f gy | , : , ts ' t
(e g it e sl ot foveni

components such as diodes or the like.

Accordingly, one aspect of the present invention provides
a  transponder system comprising a plurality of RF
identification transponders, each of which comprises: a
substrate layer; and an array of M*N antemnna elements formed on
the substrate layer, wherein the antenna elements have a common
predetermined resonant frequency f. and M and N are integers,
each of the transponders in the system having a different
predetermined resonant frequency, wherein the respective
different resonant frequencies of the antenna elements allow

o identification of the transponders.

A further aspect of the present invention provides
an RF transponder reader in combination with a transponder system
according to the present invention, the reader comprising:
means for generating and transmitting signals at a range of
frequencies, wherein at least one of the frequencies in the
range of frequencies is substantially equal to the or each
resonant fregquency of the transponder; and means for
detecting said one or each resonant freguency.

In order that the present invention may be more

readily wunderstood, embodiments thereof will now be

\or described, by way of example, with reference to the
accompanying drawings, in which:

FIGURE 1 is a schematic circuit diagram of a known
transponder;

FIGURE 2 1is a schematic representation of a
Van Atta array;

FIGURE 3 is a plan view of a Van Atta array and the
interconnections therefor;
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19. - ‘A transponder system according to Caim 18, wherein the respective
substrate layers carrying the arrays are stacked on top of one another.

20. A transponder system according to any preceding claim wherein a
stub is provided on one or nore of the antenna el enents. 21. A
transponder system according to any preceding claim wherein the substrate
Is formed on a ground pl ane. 22. _fNtransponder system according to
any preceding claim wherein the substrate is a dielectric material.

Although the substrate has been described as a
dielectric, the substrate may also be manufactured from a
ferrite, isotropic or anisotropic material.

The metalisation material of the antenna elements
may be replaced by a high temperature super conductor to
reduce the bandwidth and/or to achieve a higher Q.

Of course, whilst the transponder has been
described as a substantially passive device, it is to be
appreciated that the invention would apply equally to

active transponders.’
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23. . .Atrans ording to Caim22 iﬁﬁ%ﬁﬁﬁMEWﬁéHEE&dnant
frequency f[errgﬂnt“Emmmny the relative permfTVviTy ofthe

di el ectric. 24% ¢ ¥ anspender system accordi ng tgz’;\ﬁg %ﬁ off Jlainms 1
to 21, wherein the substrate is a ferr+4i85 isotropjci ol "a g %pic

mat eri al s.
CLAIMS:

1. A transponder system comprising a plurality of RF
identification transponders, each of which comprises:

a substrate iayer; and

an array M*N antenna elements formed on the
substrate layer, wherein the antenna elements have a common
predetermined resonant frequency f, and M and N are integers,
each of the transponders in the system having a different
predetermined resonant frequency, wherein the respective
different resonant frequencies of the antenna elements allow

identification of the transponders.

2. A transponder system according to Claim 1, wherein each
o antenna element is connected to another one of the antenna
elements by a connection line.
3. A transponder system according to Claim 2, wherein the
connection lines are all of equal length.
4. A transponder system according to Claim 2, wherein the
connection lines are of unequal length.
5. A transponder system according to any one of Claims 2 to
4, wherein each connection line has a length of ri,x(pi,/2),
where r and p are integers.
o

6. A transponder system according to any one of Claims 2 to
5, wherein the connection lines are routed in or on the
substrate to minimise mutual RF coupling therebetween.

7. A transponder system according to any one of Claims 2 to -
6, wherein the connection lines do not cross one another in
or on the substrate layer. '

8. A transponder system according to any one of Claims 2 to
7, wherein the connection lines are spaced apart by at
least a quarter of the guided wavelength.



-21-.
r esonant frequency
ferrite naterlal

claim
nacrocells each nacrocell cont ai ning antenna el enents of a CoOMmOT

A transponder system according to C 4i BEP CE ¥«§H§5Th"

in the array mntsenna el enents i s Vi ded into a nunb

AR 5 oy et

r of

predeternined resonant frequency, eachjgacrocell thereby having a rgsonant

frequency.

27. A transponder systen1accord|ng to Claim26, whe

the resonagt frequenaeaspRiiet ystar HRe6kditgl tb ARy Aneayf Cllaims 2 to

8, wherein the connection lines are connected directly to
the antenna elements.

10. A transponder system according to any one of Claims 2 t;o

8, wherein the connection 1lines are separated from the
antenna elements by at least a portion of the substrate
layer and are proximity coupled té the antenna elements
through the substrate layer.

11. A transponder system according to any preceding claim, .
wherein the resonant frequency f, is determined by the size
of the individual antenna elements.

12. A transponder system according to any preceding claim,
wherein the resonant frequency £, is determined by the

dimensions (M#*N) of the individual antenna elements.

13. A transponder system according to any preceding claim,
wherein each antenna element comprises a loop element or a
patch element.

14. A transponder system according to Claim 13, wherein one or
more of the antenna elements comprise mnmultiple 1loop
elements such that each antenna element has more than one
predeternined resonant frequency f..

15. A transponder system according to Claim 13 or 14, wherein
the antenna elements are of a polygonal or circular
configuration.

16. A transponder system according to Claim 13, wherein the

antenna element comprises a C-type loop element.

rein



antenna. el enents are d| fferent from one another. %LACE{U‘EN‘) onder

system accordi ng to any precedl ng claim whereinjth

conprises a pIu | ' s each consi stijng
ant enna eI errent mll lm ”mspect to one anotfhdr
29.

i\ga bl ock o -type
t§ER” 2808chi upi t cel | .

A transpender syt em atcording to C ai m 28, erein eachjfupit cell
conpri ses a bl ock of our antenna elenents rotate@ at 90[err espect
to one anot her. An RF transpom@®T readér—i~p—eonbination Mith a

t ransponder stem ccordln to an recedi,ng clajm eader,.conpri si ng:

nmeans for g e'ratlng“ 6“??’2‘9?‘?71 %/‘??83?%1’3 Siaa #‘u wg?reﬁ”e egles

flerr], f[ errdyde eeipmentf [#er]a theneirectiangalr loop formed with a
discontinuity or gap.

18. A transponder system according to any precedihg clai;n,v
wherein one or more further arrays of antenna elenments
carried on respective substrate layers are provided,
respective arrays comprising antenna elements having common
predetermined resonant frequencies f,,f.,,f.,,... £, the
transponder thereby having at least two resonant
frequencies f,,f,,.

19. , A transponder system according to Claim 18, wherein the
respective substrate layers carrying the arrays are stacked
on top of one another.

20. A transponder system according to any preceding claim,
wherein a stub is provided on one or more of the antenna
elements. '

21. A transponder system according to any preceding claim,
wherein the substrate is formed on a ground plane.

22. A transponder system according to any preceding claim,
s wherein the substrate is a dielectric material.

23. A transponder system according to Claim 22, wherein the
resonant frequency £, is determined by the relative
permitivity of the dielectric.

24. A transponder system according to amy one of Claims 1 to
21, wherein the substrate is a ferrite, isotropic or
anisotropic materials.



one. of «the frequencies in the range of frequencies flerr],f[err],f[err],...
flerr] is substantially equal to the or each resonant frequency f[err] of

t he transponder; and neans for detecting said one or each resonant
frequency flerr].

-21-

25, A transponder system according to Claim 24, wherein the
resonant frequency £, is determined by the relative
permeability of the ferrite material.

26. A transponder system according to any preceding claim,
wherein the array of antenna elements is divided into a
number of macrocells, each macrocell containing antenna
elements of a common predetermined resonant frequency, each
macrocell thereby having a resonant frequency.

27. A transponder system according to Claim 26, wherein the
resonant frequencies of the macrocells in an array of
o/ antenna elements are different from one another.

28. A transponder system according to any preceding claim,

wherein the antenna array comprises a plurality of unit
cells each consisting of a block of C-type antenna elements
rotated with respect to one another within each unit cell.

29. A transponder system according to Claim 28, wherein each
unit cell comprises a block of our antenna elements rotated
at 90° with respect to one another.

30. An RF transponder reader in combination with a

\w transponder system accord?mg to any preceding claim, the reader
comprising: means for generating and transmitting signals
at a range of freq;lencies £,,£,,£3,...£,, wherein at least
one of the frequencies in the range of frequencies
£,,£;,£5,...£, is substantially equal to the or each resonant
frequency £, of the transponder; and means for detecting
said one or each resonant frequency f,.
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