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ABSTRACT

A surface acoustic wave transponder in which
transducers (14) on the surface of a piezoelectric
substrate (10) modify an interrogating signal. The
transducers are phase encoded by selectively
connecting their finger sets to respective busbars
(11, 12) and by displacement relative to thelr nominal
positions. Transducer fingers and track-crossing
connections (20) are located so as to cause
cancellation of reflected surface acoustic waves. A
marker transducer (15) assists decoding. In the
encapsulation of the transponders a cover plate (33)
or individual cover plates (24) are attached to the
substrate prior to the cutting of individual
transponders from the substrate.
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SURFACE ACOUSTIC WAVE DREVICES

FIELD OF THE INVENTION

The present invention relates to passive surface
acoustic wave (SAW) transponders or tags for use in
remote identification systems.

Known trangponders of thig kind comprise a substrate
Of plezoelectric material having coded information
inscribed thereon, serving to receive electromagnetic
enexgy, convert it to acoustic energy, store the
converted energy for a period of time, re-convert the
Stored energy to electromagnetic form and re-transmit
the electromagnetic energy. These tags thus produce
a reply signal in response to the interrogation signal
from the remote interrogator. The reply signal is
processed to recover the code unique to the
interrogated tag.

BACKGROUND ART.

Passive label interrogation systems employing SAW
transponders are disclosed in Cole and vVaughan US
patents 3,706,094, 3,755,803, 4,058,217 4,399,441,
These systems incorporate a radio frequency
trénsmitter capable of transmitting pulsed CW
electromagnetic energy. Interrogation pulses are
received at the remote antenna of a passive label and
applied to a "launch" interdigitated transducer (IDT)
on the surface of a piezoelectric substrate. This
transducer converts the electrical energy received
from the antenna into acoustic energy in the form of a
Burface acoustic wave or SAW that propagates on the
substrate along a defined acoustic path. Groups of
‘coding" or "tap" IDT’'s are arranged at intervals
along this path to convert the SAW back to electrical
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enexrgy and in so doing to impart either an amplitude
Oor phase coding to the signal that is then
retransmitted via the antenna to the interrogator
receiver, The antenna is a common antenna in the

> &Bense of acting both to receive and to re-transmit to
the interrogator receiver. Of course, surface
acoustic waves will slmultaneously be launched from
the tap 1IDT’s, but as the linear SAW delay line
behaves in a reciprocal fashion, these waves will sum

10 constructively at the launch transducer effectively to
double the overall delay line response.

Another form of interrogator uses a FMCW (frequency
modulated continuous wave) signal. This technique is
15 described in Australian patent specification 444,838
and in US patents 4,604,623, 4,605,929, 4,620,191,
4,623,890, 4,625,207 and 4,625,208 assigned to X-Cyte
Corporation. This form of receiver utlilises a simple
homodyne processg whereby the return signal is mixed
20 with the originally transmitted "chirp" signal in a
four quadrant multiplier to generate a low audio
ftrequency baseband signal. »A range of beat
frequencies are generated because of the different
delays of the transducers on the SAW delay line label.
25 A different audio frequency is recovered for each of
the elements of the encoding pattern and the relative
amplitude and/or phase of these frequency elements
Tepresents the code pattern of that particular label.
The encoded information is recovered by performing a

30  spectral analysis of the baseband received signal.

In performing the spectral analysis of the beat
Lrequencies generated by the FMCW system it is
important that the comb line spectra fall on, or are
35 coincident with, the centre of the discrete Fourier
transform channels used to analyse them. Satisfying
this condition minimises the intersymbol interference
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Caused by physical limitations on the spaclng between
tap transducers,

The SAW delay line "Chips" proposed in the prior art
are produced on piezoelectric wafers of lithium
niobate or quartz. The wafers are made from thin
slices sawn from a synthetic crystal grown in an
autoclave underx rigidly controlled conditions of
pressure, temperature and purity. Angles of cutting
relative to the axes of the crystal determine the
Combination of properties in the wafer. Because of
constraints on growing the synthetic crystals, wafer

Slices are limited to approximately 5" in diameter or
Clrcumscribed area.

The wafers are mirror polished and then covered with a
layer of aluminium by vapour deposition., This thin
metal layer is coated with a photosensitive resist
which is then selectively exposed to form the desired

- transducer electrode pattern by means of high

precision photolithography. The axposed resist
and the underlying metal ars then removed.

The critical sLep Of exposing the resist is carried
out by a well-known semiconducter mask-making process
using step~and-repeat cameras. This involves using a
pattern generator to produce reticles, each of which
18 a photographic copy (much like a photographic
negative) of the layout of one chip, usually at a
sCale 10X the final chip size., For every chip with a
different code a different and very accurate reticle
must be produced.

Once the 10x reticles have been generated, there are

two principal techniques which can be used to
exXpose the resist. |
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Method 1.,

In the first of these techniques, a 1x master mask is
generated using a step-and-repeat camera held on a
movable stage. Each plate exposure is a ten times
photoreduction of one 10x reticle. Between exposures
the stage is moved by a precise amount to the next
Chip position, the reticle is changed to provide the
pattern for the next and differently coded chip, and
the plate is exposed to transfer the chip pattern to
the master mask. This process is repeated until the
Complete master mask area has been covered with
differently coded SAW chips.,

The master mask is used to contact print one or more
working masks, which are used to contact print or
eXpose resist on a metallised wafer. It will be clear
that a different master mask is required for each

wafer in order to make differently coded chips.

Mathod 2,

In the second approach, a 10x reduction
direct-step-on-wafer camera is used directly to expose
the resist on the metallised wafer, This eliminates
the intermediate step of preparing a master mask, but
8t1ll requires the 10x reticle to be changed to
provide the pattern for the next and differently coded
chip. It will be appreciated that a different 10x
reticle is still required for each and every
differently coded chip. The cost of these reticles is

8till a prohibitive factor in the cost of the c¢hips
themselves.

It is to be understood that references above to 10x
reductions are by way of example only, and that it
makes no difference in principle whether 5 timeg, 20
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Cimes or some other ratio 1is used. The possibility of
such and other minor variations will be c¢lear to those
eXperienced in the art.

After exposing the photoresist on the metallised wafer
the unwanted metallisation is selectively etched away.

The number of high precision 10x reticles may be
reduced by using a second process uniquely to code a
number of chips produced from the same reticle. This
process may comprise a second photographic exposure,
at a much lower resolution than that of the 10x
reticle, before etcehing, or the use of some cutting

means such as a iaser trimmer after the chip has been
manufactured. The number of 10x reticles required is

reduced by the number of unique codes that can be
Produced by such a secondary process for each
original reticle.

X-Cyte Corporation Australian patent 564,844 describes
°ne method of reducing the number of reticles and
master masks. In this method delay pads insert a
selectable coding delay between the transducer
elements, This allows a single reticle to be used to
make the master mask, which is then used LO generate
all wafers., A subsequent cutting operation of lower
Precision is then used to trim the delay pads for each
chip, thus generating unique codes.

This technique has the disadvantage that it is
applicable only to pPiezoelectric materials with a high
Piezoelectric coupling constant, such asg lithium
niobate, as only such materials allow sufficiently
small delay pads. With plezoelectric materials with a
low coupling coefficient, such ag quartz or zinc
Oxide, the length required for the delay pads would
exceed the distance between the coding transducers.



10

15

20

25

30

35

<UULL'?Y

In the method of the present invention, many wafers
can be made from a single master mask, and the master
mask is made from a single reticle. By thus spreading
the cost of the reticle and master mask over many
Chips a great reduction in tag cost 18 achieved.

To achieve this, while at the same time allowing the
use of piezoelectric materials of either high or low
coupling coefficients, the tags of the present

invention incorporate novel features of transducer
layout,

It is fundamental to the Proper operation of coded
delay lines of the type to which the present invention
relates, that the transducer structures produce
minimum reflection of the propagating surface acoustic

wave, to avoid confusion of the returned code. Such
reflections are caused by SAW impedance

discontinuities due to finger mass loading and surface
conductivity effects. MThis problem is addressed in US
patent No. 4,620,191, where a solution is proposed

involving the location of groups of tap transducers in
multiple parallel acoustic paths. The present

invention provides an alternative approach, by means -

Of a transducer structure which uses wave cancellation
tO reduce thege effects,

in prior art processes the finished wafers are divided
into chips which are hermetically sealed, antennas are
Connected, and the assembly packaged to produce the
final tag. fThese can be costly operations, and the
need exists for an improved approach to the packaging
process. The present invention provides methods for

hermetic sealing and antenna connection which reduce
the cost of these operations.

OBJECTS OF THE INVENTION:
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A principle object of the present invention is to
Provide an approach to the design and manufacture of
Such transponders which will enable reductions in
manufacturing and production costs.

It is also an object of the present invention to
provide a novel design of phase reversible tap
transducer which allows Phase encoding easily to be

accomplished from a standard wafer mask.

1t is a further object of the invention to provide a

design of tap transducer which minimises SAW
reflections.

It is a further object of the present invention to
Provide amplitude encoding of selected transducers in
Buch a way that the transducer capacitance remains
constant enabling the SAW delay line to be tuned for
maximum return signal strength and hence
gignal-to~noige ratico,

It is a further object of the present invention to
Provide packaging techniques which reduces the cCOost of
Production of a complete, hermetically sealed chip.

provide a SAW coded delay line transponder in which
may be employed a form of Plezoelectric substrate

that is significantly lower in cost than presently
used materials such as quartz and lithium niobate, and

which enables a significantly larger wafer size, SO as

Further objects of the Present invention include the

Provigion of means to enhance the readability of a tag
by the use of an optional "marker" tap transducer,
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These objects, as well as further objects which will
become apparent from the discussion that follows, are
achieved, according to the present invention, by the
location of the tap transducers, by the physical
design of the tap transducers, by the choice of wafer

material and by the technicques employed to package the
chip.

It 18 to be appreciated that different forms of the

invention will embody some but not necessarily all of
the above objects.

SUMMARY OF THE INVENTION.

In one form, the present invention resides in a
Surface ‘acoustic wave transponder comprising a

Plurality of tap transducers in contact with a
Piezoelectric material, means for the reception of

an Interrogating signal, means transmitting said
interrogating signal as a surface acoustic wave in
said material and means for retransmitting said
interrogating signal modified by said tap transducers,
sald retransmitting means including first and second
8lgnal transmission means connected to each tap
transducer, each tap transducer comprising a first set
Of -electrically interconnected parallel fingers and a
second set of electrically interconnected parallel
fingers interdigitated with the fingers of the first
set, characterised in that each said set of fingers is

selectively connectable to one or the other of said
first and second transmission means.

Preferably, the fingers of each set are respectively
connected to first and second conductive path means,
and these path means are connected by interruptable

connaection means to each of the first and second
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transmisgion means.

In a further form, the invention resides in a method
of encoding such a transponder, comprising the steps
0f selectively interrupting said connection means such
that the first set of fingers of a given tap
Lransducer are connected to a selected one of the
first and second signal transmission means and the
second set of fingers is connected to the other of
said signal transmission means, thereby determining
the phase of the connection of that tap transducer
with said transmission means.

In another form the invention resides in a SAW
transponder comprising a plurality of tap transducers
in contact with a piezoelectric material, means for
the reception of an interrxogating signal, means
transmitting said interrogating signal as a surface
acoustic wave along said surface and means for
retransmitting said interrogating signal modified by
said tap transducers, said retransmitting means
including first and second signal transmission means
connected to each tap transducer, each tap transducex
comprising a first set of electrically interconnected
parallel fingers and a second set of electrically
interconnected parallel fingers interdigitated with
the fingers of the first set, characterised in that
the location of the edges of the fingers of each
transducer is chosen in relation to the wave length of
the surface acoustic wave such that surface acoustic
wave reflections from said edges cancel.

From another aspect, such a transponder is
characterised in that the fingers are located at such
intervals along the path of the surface acoustic wave
that reflections from their edges cancel.
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In yet anothexr form, the invention raegides in & SAW
transponder comprising a plurality of tap transducers
in contact with a plezoelectric material, means for
the reception of an interrogating signal, means
transmitting said interrogating signal a5 & surface
acoustic wave along said surface and means for
retransmitting said interrogating signal modified by
said tap transducers, said retransmitting means
including first and second signal transmission means
connected to each tap transducer, each tap transducer
comprising a first set of electrically interconnec¢ted
parallel fingers and a second set of electrically
interconnected parallel fingers interdigitated with
the fingers of the first set, characterised in that a
group of fingers of at least one of said tap
transducers is displaced in the path of the surface
acoustic wave so as to be in phase opposition o
another group of fingers of the same transducer.

In & further form, the invention provides a SAW
transponder comprising a plurality of tap transducers
in contact with a plezoelectric material at

regular nominal spacings of suxface acoustic wave path
lengths, means for the reception of an interrogating
signal, means transmitting said interrogating gsignal
as a surface acoustic wave along said surface and
means for retransmitting said interrogating signal
nodified by sald tap transducers, characterised in
that a further transducer is provided, gapaced by a
known surface acoustic wave path length from said tap
transducers.

In a further form, the invention resides in a method
of manufacturing surface acoustic wave transponders,
each consisting of a layer of metallisation on a
piezoelectric substrate, the method comprising the
steps of applying said metallisation over an area as
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repetitive pattern of individual transponder patterns,
attaching a cover plate over said area, and
subsequently cutting through said cover plate and said
substrate in orthogonal directions to separate
individual transpondecs.

in a further form, the invention resides in a method
of manufacturing a plurality of surface acoustic wave
transponders each consisting of a layer of
metallisation in contact with a piezoelectric
substrate, the method comprising the steps of
producing said metallisation over an area as a
repetitive pattern of individual transponder patterns,
attaching a transponder cover plate over each
transponder pattern, and subsequently cutting through
gald substrate in orthogonal directions to separate

individual transponders.

in another form, the invention resides in a surface
acoustic wave transponder consisting of a layer of

metallisation in contact with a piezoelectric
substrate and having a contact region at at least one
and, a cover plate being attached over said
metalligation, characterised in that each cover plate
18 provided with contact regions opposed to the

contact regions of the transponders and extending
bayond them.

To facilitate an understanding of the invention in its
various forms, practical embodiments will now be

described, by way of example only, with reference to
the accompanying drawings, in whicht

Figure 1 is a schematic plan view showing the layout

of a transponder chip incorxporating the present
invention;

o s SR SR g
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Figure 2 is & detailed view of the metallisation
pattern of a single transducer;

Figure 3 1llustrates a relatively phase shifted
5 transducer:

Figure 6 is a gschematic Cross section of the chip
illustrated in Figure 6
15

Figure 7 illustrates an alternative transducer
8tructure;

Figure 8 is a fragmentary plan view of a metallised
20 substrate.

Figure 9 ig a tragmentary bottom plan view of a
Cover plate.

<> Figures 10 (a) to (d) illustrate an economical tag

construction according to a preferred form of the
inventions

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS.

30
The general layout of a tag incorporating the present
invention is shown in Fig. 1. A substrate 10 of
biezoelectric material has printed thereon busbars 11
and 12, which are connected respectively to a centre
35

fed dipole antenna (not shown)., From the busbars 11

and 12 interdigitated fingers of conductive material

Project to provide a launch transducer 13 and a series
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of encoding tap transducers l4.

In the preferred FMCW interrogator implementation, the
returned phase information from each tap transducer on
the tag is presented to the signal analysis unit as a
unigque frequency. The signal returned by a complete
tag i8 thus the vector sum of the aigﬁals returned by
each individual tap transducer, and 1is equivalent to a
comb line gpectrum, with the number of frequency peaks
corresponding to the number of tap transducers on the
label and with the amplitude and relative phase of
these peaks corresponding to the amplitude and phase
encoded information of the delay line label.

The homodyne demodulated received signal 18 gsampled at
Laswband by a1 analogue-to-digital converteal. Thls

sampled signal is then analysed by a dlscrete Fourier
transform which separates the returned frequencies
into discrete frequency bins or channels. The phase
differences or amplitude ratios between these bins
then becomes the tag code. If the comb line spectrum
derived from the tag return does not align with the
DFT analyeis channels then energy from one comb line
will incorrectly be assigned to an adjacent channel.
This misalignment will cause inter-symbol interference
between analysis channels and will degrade the
réadability of the tag. Misalignment can be caused by
a tag being at an unexpected range, or by a Doppler
shift due to a tag’s velocity relative to the
interrogator.

It is well known that complex frequency shifts can be

used to align comb line spectra with DFT channels. It
is difficult, however, to determine the shift required
to correct for the misalignment. With good signal to

noise ratios it is possible to examine the ripple and

edge steepnasgss of the DFT result and use this as a
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gulde to alignment, but in a noisy signal this
technique is prone to error.

in one form of the present invention, accurate
alignment is facilitated by the addition to the tag of
A4 Beparate "marker” tap transducer 15. This

transducer is located as close as possible to the
encoding transducers 14 but far enough away to allow

located three channel spacings before the encoding
transducers. The launch transducer is not used for
this purpose because 1ts response is swamped by low
frequency environmental clutter, and it is too far
from the encoding transducers to allow accurate
alignment.

As mentioned above, it is desirable to minimise
reflection of the propagating SAW wave by the tap
transducers. In accordance with a preferred form of
the present invention, physical reflections from the
fingers are eliminated by cancellation. In the
embodiment of the invention illustrated in Fig. 2, the
fingers are located along the acoustic wave path at
such intervals that successive leading and trailing
edges of the interdigitated fingers are respectively
separated by a distance which is equal to one third of
the wave length of the SAwW. With egual mark space
ratio, the finger width will thus be )J6.

I'o examine the effect of this spacing, consider
Firstly the leading edge discontinuities. Assuming
that each leading edge discontinuity has an identical
effect, then each get of three successive fingers

reflects a proportion of the energy summing to zero,
viz.,
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E + E /2x120" + E /2%240° = O

The effect of the leading edge discontinuities has
thus been nulled.

Congider secondly the trailing edge discontinuities,
Again assuming only that each trailing edge
discontinuity has an identical effect, then each set
of three successive fingers reflects a proportion of
enerqgy summing to zero, viz.,

E/26 + E/20 + 2x120° + E /20 + 2x240° = O

where © is a phase angle dependent on the finger width
and being nominally equal to 60° for.A/6 wide fingers
having a nominally equal mark-space ratio.

As a consequence of the independent summing to 2zero of
the leading and trailing edge discontinuitles, the
finger mark-space ratio and therefore manufacturing
etch control is not critical.

The example given here of "self cancellation" of three
successivewA/S fingers at a spacing periodicity oflA/3
is not exhaustive. A spacing of A3 gives the widest
possible fingers for a given fundamental frequency.

At 915 mHz this spacing gives dimensions which can be
achieved in production with current photolithographic
technology. With a system employing & lower centre
frequency, or with higher resolution photolithography,
cancellation from four successive¢A/8 fingers of
gpacing periodicity:A/Q is workable, viz.,

E+ E/ 2 x 90° + B/ 2 % 180° + E/ 2 X% 270° = 0,

and likewise for even smaller periodicities, e.g.
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‘>J5, )JG, etc., provided the spacing also allows
satlsfactory coupling between the transducers and the
SAW at the fundamental frequency of the signal.

Given a selected a finger spacing, the pattern of
polarity of successive transducer fingers must also be

chosen. Thus, in the case of A/3 spacing described
here, the fingers should be connected to the busbars

11 and 12 in the pattern illustrated in Figs. 2 to 4,
1{ the most efficient coupling is to be achieved.

In general the polarity pattern of the fingers can be
examined by plotting the stepwise approximation of the
electric potential due to the fingers, and, with a
knowledge of the relationship between plezoelectric
displacement and electric field for the substrate
material, using a Fourler transform to derive the
fundamental sine wave. The most efficient pattexrn is
that which maximizes the amplitude of this fundamental
sine wave. |

As will be observed in the drawings, the polarity
pattern of the fingers for )J3 spacing (++-+--)
repeats in sections 2 in length, and consists of
phagse~-reversed left and right half-sections each one
wavelength long. This structure maximizes the
amplitude of the fundamental frequency sine wave.
Other patterns, such as repeating left half-sections,
will produce a fundamental frequency sine wave of less
amplitude.

It will be appreciated that the number of fingers used
in the transducer will preferably be chosen to be an
integral multiple of the number of fingers 1in a
section. In the case of:h/3 spacing, the preferred

number of fingers will therefore be an integral
multiple of 6.
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While in this way SAW reflcations generated at
transducer discontinuities can be reduced or
Cancelled, it will be realised that surface acoustic
waves arising from electrical regeneration at the
transducers must also be controlled in a practical
label by, for example and depending on the strength
©f the piezoelectric coefficient of the substrate,
the number of fingers used for transducers and/or by

the electrical impedance loading shunted across the
busbars 11 and 12 of the delay line. Electrical
regeneration can never be entirely eliminated but
since it depends on a voltage being induced across one
Oor more tap tranéducers and this voltage then causing

the generation and propagation of a "secondary" SAW,
this effect can usually be reduced to negligible

proportions by arranging for a sufficient loss in this
2~-step generation and regeneration procass.,

In the practice of the present invention as
illustrated in Pig. 2, the interdigitated fingexrs of
the coding transducers 14 are provided with individual
busbars 16 and 17, separated from the adjacent busbar
11 or 12 but connected thereto by respective
metallisation bridges 18 and 19. Furthermore, each
"coding bus" 16 and 17 is connected to the opposite
main busbar 11 or 12 by tracks 20 and respective
bridges 21 and 22, In this way a structure is created
whereby each coding bus can be connected to either
busbar 11 or busbar 12 by cutting the appropriate
cutting bridges. By appropriate cholce of cutting it
ls thus possible to produce an IDT whose phase 1s
"flipped" by 180 degrees. Cutting the bridges 21 and
22 produces an IDT at relative 0 degrees, while
cutting the bridges 18 and 19 produces an IDT at
relative 180 degrees.
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It can be seen that the flip connecting tracks 20 pass
across the active SAW region. It is of course
desirable to minimise the disturbing effect of the
flip connections crossing the active SAW region. The
two major sources of such disturbance are reflections
of the acoustic wave at the boundary discontinuities
between the metallisation and the plezoelectric
material, and the mass loading effect of the
metallisation upon the piezoelectric material.

The boundary discontinuities can be minimised by
correct cholce of the dimension X (Fig. 2),
representing the interval by which the elements are
spaced along thé acoustic path. In accordance with

this aspect of the invention, the dimension X is a

function of the number of discontinuities across the
active region. In Fig. 3 there are 3 leading edge
discontinuities and 3 trailing edge discontinuities

due to the three elements which croses the SAW active
region,

By choosing the spacing of the leading edge
discontinuities correctly it is possible to vector sum
the contributions from the leading edges so that their
effect is nulled. The approach here is similar to
that discussed above in relation to the spacing of the
fingers of the transducer, but without limitations
brought about by the need for signal coupling with the
substrate. In this example, if we agssign a distance
of (3n+1);\/3 (equal to 120 degrees phase shift) for X
we find that, assuming each discontinuity hasg similar

effect and re-radiates a proportion of the energy E,
that

E + B /2x120° + E /2%240° = Q

The effect of the leading edge discontinuity has been
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nulled. Similarly, by spacing the trailing edges at
multiples of (3n+1):K/3 we can null the trailing edge
discontinuities. The leading and trailing edges have
agaln been treated separately as this removes the need
to consider whether a trailing edge discontinuity has

the same properties as a leading edge discontinuity or
not,

It will be understood that the connecting track may
conslist of more than or lesc than three elements, and

the above approach can be generalised correspondingly.
For a "flip" connection of k elements the leading
edges (and independently the trailing edges) should be

spaced at multiples of (kn + 1)?\/k such that the
reflections from k successive edges sum identically to
2ero, viz., for the simplest case of n = 0,

B+ Ef2(1 x 360°k) + E/2(2 x (360°k)) + ....

»oo + E/2((k-1) x 360°k)) = O
With the above condition holding for any group of k
elements, then it is permissible for a "£lip"
connection to consist of more than one k element group
if this is desirable, for example to reduce the
resistance of such “flip" connections. The approach
can thus be generalised to the statement that for k
elements in a flip connection, and treating them as
groups of j leading and trailing edges where k/1 i8 an
integer, then the leading edges and trailing edges
must be separated by (jn+l))\/j. That is to say, the
elements are located along the path of the surface
acoustic wave at intervals of (Jn + 1) AJj.

Where the reflecting properties of the leading and
trailing edge are similar, a single connecting track
wlll be a special case of the above approach. Where
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these properties differ, however, the track width
will be chosen to achieve cancellation in accordance
with those properties.

It will have been observed that in the illustrated
embodiment, the connecting tracke 20 consist of three
@lements of equal mark-space ratio. In order to
reduce resistance it may be desirable to provide
@lements which are of substantially greater width
than the space between them. For example, three
elements may be provided, each of %‘width, spaced
apart by;K/B, 80 that successive elements are located
at 4AJ3 intervals.

As will be appreciated by those familiar with printed
circuit and integrated circuit technoleogy, the
techniques which can be used selectively to remove the

cuttable bridges include chemical etching or the use
0f a photoplotter to define the bridges to be etched.

Alternative approaches include laser scribing or
electrical fusion, whereby contacts are provided on
both the coding buses and the chip busbars to allow
sufficient current to pass through the coding bridges
to cause them to become open circuit.

It should be noted that the representation of the
IDT’s in Figs. 2, 3 and 4 has been simplified, and
that the number of elements in a practical IDT will
depend on the piezoelectric material chosen for the
substrate,

o enable quad phase coding to be achieved two types
of flip coded IDT’s are employed. The transducer
shown in Fig. 2, Type A (0/7180), is placed at a
nominal reference position, while the Type B (90/270)
transducer shown in Fig. 3 is displaced a quarter of a
wavelength either towards or away from the launch
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transducer. Further extensions can be made to this
principle to provide other types of transducers, at
more phase angles and/or with different amplitude
responses, to allow extension from quad phase coding
to some higher level of coding,

The launch transducer 13 is of well known IDT design
for generating a surface acoustic wave. The placement
of subsequent transducers is in units of a given
separation, In the preferred embodiment thisg
geparation lg in units of delay as reallsed as
distance on the SAW chip. Depending on the bandwidth
which is allowed for the interrogating and response
gsignals, this may represent the distance a SAW wave
travels on the surface in a period of the order of 80
to 160 nsecs. The alignment transducer 15 is placed
many units of separation away from the launch
transducer 13 (for example approximately 960 nsecs).

The alignment transducer 15 is of well known IDT
design.

The first tap or encoding transducer is reference
transducer 1l4a, which as described above is preferably
placed three separation units past the alignment
transducer 15, The reference transducer l4a is of the
flip code design described above in relation to Fig. 2
and is preferably a type A transducer due to the
manufacturing errors possible in placement over a 3
unit distance. Following the reference transducer 1l4a
are a flip coding transducers 14 spaced at consecutive
one separation unit distances from each other. The
coding transducers 14 are a combination of type A and
Lype B transducers, and in the illustrated embodiment
fifteen of these transducers are used.

This method of chip manufacture allows a code space in
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thig case of 4!5 x 2 = 2,147,483,648. This is due to
the fifteen coding transducers each having 4 available
positions (choice of A or B type flip transducer set
to either 0 or 180 degrees and 90 or 270 degrees
tespectively). The factor of 2 is the extra code due
Lo the phasing of the reference transducer 14a with
Lespect to the alignment transducer 15.

The fifteen flip transducers, chosen to be either A or

B type transducers, are avallable for programming into

one of 2 states by severing the cuttable bridges, and
there is also the type A reference transducer which
c¢an be in 1 of 2 states. This allows 216 = 65,535

chips to be made fromn the one reticle before a new
reticle must be mada.

There has thus been a reduction in the reticles needed

by a factor of 65,536, a significant saving in
reticles.

There are also 8avings in the number of master masks
needed, since the number of master masks required is
reduced by a factor equal to the number of chips on
@ach wafer, which may for example be 1024.

- The number of flip coding transducers 14 is chosen to

suit the particular application, within several
restraints. The length and therefore the cost of the
AW c¢hips will increase with the number of tap
transducers and will be inversely dependent upon the
bandwidth of interrogating signal allowed by the
regulatory authorities in the country concerned, The
code capacity will depend upon the number of bits
encoded per transducer (for example, 2 bits per
transducer for simple quad phase encoding). Sone
applications may place limits on the length of the
tag, for example in the case of implantable tags for
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the livestock industry. While some applications may
require only a small code capacity, for example twelve
bits or less, others may require as many as 64 bits
including error correction bits.

Puring the exposure of the resist on the wafer the
following steps are perfbrmed:

1. An accurate mask common to all chips with a given
Combination of A & B type transducers is used to
‘reate a pattern on the wafer resist. This mask

Creates many chips but all of the cuttable bridges are
5till intact.

2. Each chip i8 then individually coded by
appropriately selecting which cuttable bridges to cut.
This is preferably done by using a pattern generator
(similar to and possibly even the same pattern
denerator as used for the 10X reticle manufacture)
directly to expose the resist over the bridges to be
¢ut., The bridges produced by the masking process are
made large enough so that the photographic resolution
i sufficient to cut them without needing the
intermediate step of a reticle and 10X reduction.

3. The wafer is then processed to produce
Individually coded ¢chips.

A8 mentioned above, in the preferred forms of the
present invention, amplitude coding is added to the
quad phase encoding described above. While such
coding may be achieved by a simple measure such as the
removal of a proportion of the fingers of a tap
transducer to reduce its coupling with the substrate,
this has the disadvantage of altering the capacitance
©f the transponder, and would therefore require
individnal tuning of transponders to achieve impedance
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matching with the antenna, depending on the amplitude
coding.

This problem is avoided in preferred forms of the
invention, according to which amplitude encoding is
achieved by the longitudinal displacement of a group
©f the fingers of a given transducer, relative to the
remaining fingers or to another group of the fingers
oﬁ that transducer.

Fig. 4 shows a transducer layout in which the
transducer fingers comprise 4 groups of fingers each
group having an equal number of fingers (in this
example, 6). The fingers of one group, the left hand
group as seen in Fig. 4, are displaced from the
remaining groups by one half a wave length,
Consideration of this layout will reveal that the
first three groups will contribute a tapped signal
with the game phase and a nominal amplitude of three
units, while the fourth group will contribute an
antiphase signal with an amplitude of one unit. The
net effect will be to supply to the busbars a tapped
signal of 2 units, or one half the amplitude of a
transducer in which none of the groups is displaced.
Amplitude modulation is thus achieved which may be

Superimposed upon the guad phase modulation described
ahove,

It will be appreciated that finger groups may be
digplaced in other ways to achieve similar results.
For example, groups each comprising one eighth of the
fingers of a transducer may be displaced by 7\/4 in
Opposite directions, also providing a 50% amplitude
modulation. Again, changes of amplitude of more or
less than 50% can be achieved by appropriate choice
©of the proportion of interfering fingers.
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In addition to the economies achieved by the new
approaches to transponder design described so far, the
present invention enables the ugse of inexpensive
materials, rather than quartz or lithium niobate as in
the prior art., 1In its preferred forms, the present
invention employs cheap borosilicate glass as the
Substrate material, coated with a thin film of zinc
Oxlde. The 2ZnO film is formed by planar RF magnetron
Sputtering, which allows optimal control of substrate
temparature,

dinc oxide is a well known piezoelectric material with
a4 hexagonal crystalline Structure, and pelycrystalline
Z2n0 films of suitable orientation, i.e. with the ¢
axis normal to film suriace, can be deposited on glass
by the sputter technique,

It is the orientated crystal structure that yields a
8txong piezoelectric effect in the £film. The
thickness of the film is chosen to be less than one
acoustic SAW wavelength, and to optimise the
pPiezoelactric coupling coefficient. For transponder
Operation at 915MHz, this thickness would be of the
ordexr of 1.5 microns. Thus as shown schematically in
Figs. 5 and 6 the thin film substrate is a layered
Structure in which a piezoelectric film 10 is suitably
deposited on a non piezoelectric base 23 suitably of
borosilicate glass. The aluminium metal for the IDT’s
14 is then deposited on this film by vacuum
evaporation or sputtering. The normal

photolithographic processes are used to produce the
Chips,

An alternative to this method is to deposit the SAW
transducers directly on the surface of the
non-plezoelectric glass 23 rather than on the surface
Of the piezcelectric film 10. As shown in Fig. 7,
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the Zn0 film is then formed over the top of the glass
and the metal transducer fingers, the thin film
gserving to convert the electrical signals of the IDT
into SAW waves and back again. The glass base
naterial provides the mechanical strength and serves
a8 the SBAW transmission material. An important
secondary function of this technique is that the 2Zn0
Iilm layer forms a protective barrier for the
aluminium IDT’s and thus increases the delay line

reliability.

By these methods, the glass base material can be
chosen to have large physical dimensions limited only
by the X-Y travel of the step-and-repeat camera used
for the photolithographic process. Typically, a large
glass plate 8 inches square or more may be used as a
processed wafer, capable of vielding a very large
number of individual chips. Selective etches are
available which allow etching of either the aluminium
metallisation or the zinc oxide alone. The use of a
larger wafer allows proportionately less wastage
required for handling.

Figs. 8 and 9 illustrate the method of fabrication
according to an aspect of the invention which enables
the encapsulation of the transponders to be completed
pPrior to the slicing of the individual transponders
from the wafer or substrate. In this embodiment, rows
30 of transponder metallisation patterns are applied
to a wafer, with the connection pads of longitudinally
adjoining patterns being applied in a continuous avea

31. (No attempt is made to show the transducers in
this figure). .

A sealant such as an epoxy resin of low gas
permeability or a glass frit is applied by silk
sCreening to the surface of a cover plate 35 (Fig.9)

et “"‘"‘”MWM
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of the same dimensions as the wafer. The sealant is
applied in the form of "moats" 36 located to surround
each transponder, leaving the pads 26 outside, when
the cover plate is located over the wafer. The cover
plate is placed over the wafer and the sealant cured
or allowed to set, preferably under pneumatic
pressure.

The moats 36 are of a height which provides a small

gap between the cover plate and the wafer.

The cover plate is then sliced along the lines 32 in
Fig. 8, to a depth which is just above the contact
pads 31, and the strips of cover plate material
between these pairs of cuts are removed (for example

by air suction) to expose the pads 31. 1Individual

- transponders are then created by slicing right through

the assembly on the lines 33 and 34. An antenna (not
shown) is then attached to each transponder in any
suitable manner.

‘Alternatively, a spacing sealant can be applied in
the manner described to the surface of the wafer and
the individuai cover plates positioned over each
transponder by a pick-and-place machine. After

curing, the wafer is sliced in the normal way.

In the practice of the present invention therefore,
handling cost is reduced by performing the sealing
process while the chips are still in wafer form.
While in this technique as described above the
sealant is described as being applied to the cover
plate, it may alternatively be applied to the wafer or

substrate.

It should also be observed that this method is

equally applicable to devices comprising zinc oxide

v et e 4 U T TN PRI AT (1004 (33 41T bt ook T Tt L L LT SIS L e A e e S L e e e g e U W A e s s s ] e i e e e e NV UG WEhalet b WA
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on glass, as well ag to wafers of lithium niobate or
quartez.

Traditionally SAW devices have been constructed with
the wire bonding pads fabricated along with the SAW
metallisation on the surface of the active
Plezoelectric material. The bonding pads consume
valuable active material (such as lithium niobate) but
do not rely upon any of the active characteristics of
that material to function. In another aspect of the
present invention the cover plate provides mechanical
support for the bonding pads and thus allows the area
Of active piezoelectric material to be reduced.

Te minimise the area of active SAW material, the SAW
chip may be redesigned with much reduced metal contact
pads. The size of these pads now only need be
sufficient to support the epoxy which provides the
hermetic sealing for the chip. Fig. 10 illustrates a
S5AW chip with bonding pads reduced to the minimum size
necessary for hermetic sealing., The glass cover plate
24 is extended in size to allow room for the metal
bonding pads 25 produced by a simple process onto the
cheap glass cover plate material,

Connection of the large bonding pads 25 on the cover
plate 24 with the small bonding pads 26 on the SAW
Chip may be achieved by using conductive epoxy 27 only
in the vicinity of the pads 26. The hermetic seal is
then completed by placing normal epoxy 28 around the

perimeter of the SAW c¢hip, as shown in the

cross-sectional view of Fig. 10(d).

It will be appreciated that each transponder must be
equipped with an appropriately tuned antenna. Such
antennae may be mounted on the cover plate and

connected by means of the bonding pads 25, but since
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considerations of substrate material cost, the pads 25
themselves may in suitable cages be dimensioned to act

at antennae, providing an elegant solution to the
pProblem of antenna attachment,
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CLAIMS

1. A surface acoustic wave transponder comprising a
plurality of tap transducers in contact with a piezoelectric
material, means for the reception of an interrogating
signal, means transmitting said interrogating signal as a
surface acoustic wave in said material and means for
retransmitting said interrogating signal modified by said
tap transducers, said retransmitting means including first
and second signal transmission means connected to each tap
transducer, each tap transducer comprising a first set of
electrically interconnected parallel fingers and a second
set of electrically interconnected parallel fingers
interdigitated with the fingers of the first set,
characterised in that the fingers of each transducer are
located at such intervals along the path of the surface
acoustic wave such that surface acoustic wave reflections
from their edges cancel, and further characterised in that
each said set of fingers is selectively connectable to one

or the other of said first and second transmission means.

2. A transponder as claimed in claim 1, wherein each tap
transducer 1includes first and second conductive path means,
the fingers of the first and second set being connected

respectively to said first and second path means.

3. A transponder as claimed in claim 2, wherein said
conductive path means are each connected by interruptible

connection means to said first and second transmission

mears.

A
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4. A transponder as claimed in claim 3, wherein each
interruptible connection means which crosses the path of
said acoustic wave include a plurality of parallel
conductive tracks, said conductive tracks being located
along the path of said wave at such intervals that
reflections‘of the surface acoustic wave from their edges

cancel.

5. A transponder as claimed in claim 4, wherein each said
connection means include j conductive tracks located along

the path of said wave at i1ntervals of

(in + 1) >\ /]
where ;\_ 1s the wavelength of the surface acoustic wave and

n is 0 or an integer.

6. A transponder as claimed in claim 5, further
characterised in that each interruptible connection means

which crosses the path of the surface acoustic wave includes

a plurality of groups of j parallel conductive tracks.

7. A transponder as claimed in claim 5, in which j = 3 and

n = 0.

8. A transponder as claimed in claim 5, in which j + 3 and

n = 1.

9. A transponder as claimed in claim 3, further
characterised in that said signal transmission means
include a pair of parallel conductive tracks, said
conductive path means of each tap transducer comprise

iﬁt parallel conductive tracks, and said interruptible
i

) R . 15 Lo . . .. B o ._._.\,'.sl‘a¢_*"\.|.v.. RN L . .
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connection means comprise conductive tracks extending
between a given conductive path means and each of the signal

transmission means.

10. A method of encoding a transponder of the kind defined
in claim 3, comprising the steps of selectively interrupting
said connection means such that the first set of fingers of
a given tap transducer is connected to a selected one of

the first and second signal transmission means and the
second set of fingers i1s connected to the other of said
signal transmission means, thereby determining a phase of
the connection of that tap transducer with said transmission

mears.

11. A transponder as claimed in claim 1, wherein the tap
transducers are placed at nominal positions regularly spaced

along the path of the surface acoustic wave.

12. A transponder as claimed in claim 11, wherein at least
one of the tap transducers 1s displaced along the path of

the surface acoustic wave, relative to its nominal position.

13. A transponder as claimed in claim 11, in which at least
one of the tap transducers is displaced along the path of
the surface acoustic wave by one quarter of the wavelength
of the surface acoustic wave, relative to its nominal

position.

14. A method of manufacturing transponders of the kind

claimed in claim 12 or 13, including the steps of preparing

on a substrate a pattern of transponders in each of which
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the same first selected tap transducer, or the same first
selection of tap transducers, is so displaced, providing
each transponder with a unique phase encoding by the method
claimed 1n claim 10, preparing on a substrate a second
pattern of transponders in each of which the same selected
tap transducer, or the same second selection of tap
transducers, 1s so displaced, and providing each transponder
of the second pattern with a unique phase encoding by the

method claimed in claim 10.

15. A surface acoustic wave transponder as claimed in claim
1, wherein the fingers of each transducer are located at

intervals of one third of the wavelength of said acoustic

wave,

16. A transponder as claimed in claim 15, wherein said first
set of fingers 1s connected with said first signal
transmission means and said second set of fingers is
connected with said second signal transmission means,
further characterised in that the fingers are arrangéd in
successive groups along the path of the acoustic wave, the
finge;s in each group being in the following order, namely,
two fingers of the first set, one finger of the second set |,

one finger of the first set, two fingers of the second set.

17. A surface acoustic wave transponder as claimed in

claim 16, characterised in that a group of fingers of at
least one of said tap transducers is displaced in the path
of the surface acoustic wave so as to be in phase opposition

to another group of fingers of the same transducer.
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18. A transponder as claimed in claim 17, in which the first
group of fingers is displaced in the path of the surface
acoustic wave by (2n + 1) )\i/z relatively to the remaining
fingers of said transducer, where,>\ 1s the wavelength of

the surface acoustic wave and n is 0 or an integer.

19. A surface acoustic wave transponder as claimed in claim
18, further characterised 1in that said group of fingers
contains one quarter of the total number of fingers in the

transducer.

20. A surface acoustic wave transponder as claimed in claim

19, whereln said displacement is )\ /2.

21. A method of manufacturing surface acoustic wave
transponders of the kind defined in any one of claims 17 to
20, including the steps of preparing on a substrate a first
pattern of transponders in each of which a said group of
fingers of the same first selected tap transducer, or of
the same first selection of tap transducers, is so
displaced, and preparing on a substrate a second pattern of
transponders in each of which a said group of fingers of a
second selected tap transducer, or of the same second

selection of tap transducers, is so displaced.

22. A method of manufacturing a transponder of the kind
defined in any one of claims 17 to 20, including the steps
of preparing on an substrate a pattern of transponders in
each of which the same first selected transducer, or the
same first selection of a plurality of transducers, is so

displaced, providing each transducer with a unique phase
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encoding by the method defined in claim 10, preparing on a
substrate a second pattern of transponders in each of which
the same second selected transducer, or the same second
selection of a plurality of transducers, is so displaced,
and providing each transponder of the second pattern with a

unique phase encoding by the method defined in claim 10.

23. A surface acoustic wave transponder as claimed in claim
1, wherein a further transducer is provided, spaced by a
known surface acoustic wave path length from said tap

transducers.

24. A surface acoustic wave transponder as claimed in claim
23, wherein the spacing of said further transducer is a

multiple of the nominal spacing between the tap transducers.

25. A surface acoustic wave transponder as claimed in claim

24, wherein said multiple is 3.

26. A method of manufacturing a plurality of surface
acoustic wave transponders, each of the kind defined in any
one of claims 1 to 9, 11 to 13, 15 to 20 or 23 to 25, each
consisting of a layer of metallisation in contact with a
piezoelectric substrate, the method comprising the steps of
producing said metalisation over an area as a repetitive
pattern of individual'transponder patterns, attaching a
cover plate over said area, and subsequently cutting through

said cover plate and said substrate in orthogonal directions

to separate individual transponders.

27. A method of manufacturing a plurality of surface
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acoustic wave transponders, each of the kind defined in any
one of claims 1 to 9, 11 to 13, 15 to 20 or 23 to 25, each
consisting of a layer of metallisation in contact with a
piezoelectric substrate, the method comprising the steps of
producing said metallisation over an area as a repetitive
pattern of individual transponder patterns, attaching a
cover plate over each transponder pattern, and subsequently
cutting through said substrate in orthogonal directions to

separate individual transponders.

28. A method of manufacturing a plurality of surface
acoustic wave transponders, each of the kind defined in
claim 1, each consisting of a layer of metallisation in
contact with a piezoelectric substrate, the method
comprising the steps of producing said metalisation over an
area as a repetitive pattern of individual transponder
patterns, applying spacing means to the metalised substrate,
attaching a cover plate over said spacing means, and
subsequently cutting through said cover plate and said
substrate in orthogonal directions to separate individual

transponders.

29. A method as claimed in claim 28, wherein said spacing

means 1is applied around boundaries of each transponder.

30. A method as claimed in claim 28, wherein said spacing

means comprises a sealant.

31. A method as claimed in claim 30, wherein said sealant is

an adhesive sealant.
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32. A method as claimed in claim 31, wherein said sealant is

an epoxy resin.

33. A method as claimed in claim 31, wherein said sealant is

a glass frit.

34. A method as claimed in claim 28, wherein each individual
transponder pattern includes a contact region at at least
one end thereof, and, after attachment of the cover plate
and prior to said orthogonal cutting, strips of said cover

plate are removed to expose said contact regions.

35. A method of manufacturing a plurality of surface
acoustic wave transponders, each of the kind defined in
claim 1, each consisting of a layer of metallisation in
contact with a piezoelectric substrate, the method
comprising the steps of producing said metallisation over
an area as a repetitive pattern of individual transponder
patterns, applying spacing means to the metalised substrate,
attaching a cover plate over the spacing means, and
subsequently cutting through said substrate in orthogonal

directions to separate individual CLransponders.

36. A method as claimed in claim 35, wherein said spacing

means 1s applied around the boundaries of each transponder.

37. A method as claimed in claim 35, wherein said spacing

means comprises a sealant.

38. A method as claimed in claim 37, wherein said sealant is

an adhesive sealant.
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39. A method as claimed in claim 38, wherein said sealant is

an epoxy resin.

40. A method as claimed in claim 38, wherein said sealant is

a glass frit.

41. A method as claimed in claim 35, wherein each individual
transponder pattern includes a contact region at at least
one end thereof, and, after attachment of the cover plate
and prior to said orthogonal cutting, strips of said cover

plate are removed to expose said contact regions.

42 . A surface acoustic wave transponder as claimed in claim
1, wherein the transponder consists of a layer of
metallisation in contact with a piezoelectric substrate and
has a contact region at at least one end with a cover plate
being attached over said metallisation, the cover plate
being provided with contact regions opposed to the contact

regions of the transponder and extending beyond them.

43. A transponder as claimed in claim 42, wherein a
conductive sealant 1s provided between each contact region
of the transponder and the opposed contact region of the

cover plate.

44. A transponder as claimed in claim 43, wherein the
contact regions on said cover plate are dimensioned to act

as an antenna for said transponder.
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