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(57) ABSTRACT 

A coding Scheme is specified which, compared to the prior 
art and with the System having a structure resolution of the 
Same magnitude, allows an enlarged code Size for the same 
number of code elements, and/or by which fewer code 
elements are required per code for a predetermined code 
size. The code elements are disposed with basic values in a 
matrix defined in a novel manner, with the matrix having a 
finer Subdivision of the basic values than the Subdivision 
corresponding to the Structure resolution. Further develop 
ment with mean-value formations are possible. 
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SURFACE ACOUSTC WAVE COMPONENT 
WHICH CAN BE INTERROGATED BY RADIO 

AND HAS AN OPTIMUM CODE SIZE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application is a continuation of copending 
International Application No. PCT/DE99/04079, filed Dec. 
22, 1999, which designated the United States. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to a coded surface 
acoustic wave component which can be interrogated by a 
radio, as is known in principle from the prior art (see U.S. 
Pat. Nos. 4,263,595, and 5,469,170, 1995 IEEE Ultrasonics 
Symp., pages 117-120, and International Patent Disclosures 
WO 96/14589, WO 97/42519, and WO 97/26555). 
0004. In terms of its physical configuration, a surface 
acoustic wave component contains a Substrate wafer formed 
from a piezoelectric material or a material with a piezoelec 
tric coating. At least one interdigital Structure is disposed as 
a piezoelectric transducer on or in its Surface/coating having 
the piezoelectric characteristic. When the Structure elements 
of the transducer are electrically excited appropriately, the 
transducer results in an acoustic wave, which is generally 
referred to as a Surface acoustic wave, being produced in the 
Surface of the Substrate. The Surface acoustic wave has a 
movement direction/form there that is governed, as is 
known, by the interdigital Structure. Such a structure defines 
a main wave propagation direction in the plane of the 
Surface. 

0005. In a manner corresponding to a surface acoustic 
wave component which can be interrogated by radio, the 
Surface acoustic wave in the component can be excited by 
the transducer being excited/fed by radio. To this end, the 
transducer is equipped with an appropriate antenna for radio 
reception and, generally, also for radio return transmission 
of a response Signal from the transducer to a receiver. A 
Separate transducer with an antenna can also be provided for 
the interrogation Signal. 
0006 The interrogation signal is transmitted by a trans 
mitter which can transmit with a minimum bandwidth which 
can be predetermined. The radio signal transmission can be 
carried out using, for example, an apparatus that can use 
thermal and/or mechanical energy to produce a radio-fre 
quency pulse with the aid, for example, of a nonlinear 
electronic component, like a radio path. Details of this are 
known. 

0007. The receiver which is provided for the radio 
response Signal transmitted back from the component must 
be configured, as is known, particularly in terms of its 
bandwidth to Satisfy the requirements of the System oper 
ating with the Surface acoustic wave component. 
0008. In the case of Surface acoustic wave components 
which are used for identification, it is necessary to ensure 
that a received signal can be uniquely associated, as a 
response Signal, with a predetermined Surface acoustic wave 
component which is appropriately individually coded for 
this purpose, where a System contains a number of Such 
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components which can be interrogated but are coded differ 
ently from one another, and/or where other signals are 
received which arrive in the System receiver in Some other 
way. 

0009. It is thus known and normal practice for such 
Surface acoustic wave components which can be interro 
gated by radio to be provided with respective individual 
coding, which makes it possible to distinguish the individual 
components from one another uniquely in the respective 
received signal within a large number of Such Surface 
acoustic wave components contained in the System. 
0010 First of all, two examples should be cited of the 
application options for Such coded Surface acoustic wave 
components that can be interrogated by radio. One of these 
examples is for Such a Surface acoustic wave component 
with coding to be fitted, for example, to an object that can 
be identified in an appropriate manner by the component or 
its coding. Such components are also known as ID tags. 
Another example is where the Surface acoustic wave com 
ponent has the additional characteristic, or is equipped with 
Such an additional characteristic, as a Sensor for, for 
example, measuring a temperature, a force variable and/or 
other physical, chemical or Such like State variables. Such 
applications and refinements of a Surface acoustic wave 
component relating to them are known. 
0011 Various principles are possible for producing a 
coded radio response Signal from an interrogation signal. 
One example is to provide reflector elements for the coding, 
which are disposed Such that they are managed in a known 
manner to the configuration of the already mentioned inter 
digital Structure of the transducer. Such reflector elements 
are generally Strip elements, which are provided on/in the 
surface of the substrate wafer in the path of the main wave 
propagation direction of the Surface acoustic wave. AS a 
further example for code elements and instead of Such the 
reflector elements, resonators can also be assigned to the 
transducer or transducers, and they will also be described 
further below. 

0012. An individual reflector element produces a surface 
acoustic wave component response Signal that is shifted in 
time with respect to the interrogation Signal, that is to Say 
with respect to the transmitted pulse. A component which, 
instead of this, is provided with resonators produces a 
response signal at an appropriate specific (resonant) fre 
quency. A respective large number of reflectors disposed in 
different positions (with respect to one another and with 
respect to the transducer) produce a corresponding large 
number of pulse response Signals shifted differently in time, 
with the mutual time shifts being dependent on the positions 
of the relevant reflectors with respect to one another. A 
corresponding Situation applies to the various response 
resonant frequencies for a respective number of different 
resonators provided for different frequencies. 
0013 The response signal to be produced by the surface 
acoustic wave component in response to a radio interroga 
tion Signal is thus, in the case of reflectors, an additive 
Superimposition of response Signal elements offset in time 
with respect to one another or, in the case of resonators, an 
additive Superimposition of a correspondingly large number 
of sinusoidal, limited-time (generally exponentially decay 
ing) response signal elements at frequencies which differ 
from one another. A respective Surface acoustic wave com 
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ponent is normally identified by determining the reception 
times corresponding to the Selected positions of the indi 
vidual reflectors in the relevant component. The resonator 
principle results in amplitudes in the received spectrum at 
frequency Support points that correspond to the Selected 
resonant frequencies of the individual resonators. The cod 
ing or the impressed code of a relevant reflector-coded 
Surface acoustic wave component thus physically/structur 
ally contains coded positioning of the individual reflectors 
that are provided, with respect to a reference reflector 
element or with respect to the position of the transducer on 
the Surface of the Substrate wafer. When resonators are used 
for coding, the various resonant frequencies, which are 
provided in a Selective manner, of the individual resonators 
result in the code impressed on the respective component. 
0.014. One problem that is associated with this is that the 
Structure resolution of the associated measurement System is 
always limited. In this case, Structure resolution refers to the 
capability of the System (in this case essentially containing 
the transmitter, the Surface acoustic wave component and the 
receiver) to identify two reflection or resonant response 
Signal elements from two reflectors disposed immediately 
adjacent to one another on the Substrate wafer or from two 
resonators with immediately adjacent resonant frequencies, 
as being two response Signal elements, which are separated 
from one another, in each case. In Systems with time 
measurement (reflectors), the time structure resolution (At) 
is inversely proportional to the spectral bandwidth B used 
for the System/the measurement, that is to Say At is propor 
tional to 1/B. 

0.015. In a System using frequency measurements (reso 
nators), the relationships are in principle analogous, that is 
to Say, in this case, the Structure resolution, Afis in this case 
based on the quality of the System, that is to Say it is 
inversely proportional to the time duration t of the measure 
ment signals (Af is proportional to 1/t). For normal mea 
Surement signals with a Gaussian envelope, the proportion 
ality factor is approximately 0.5. 
0016. The fundamentally limited structure resolution 
results in that all the code elements in the case of reflectors 
must be at a minimum distance from one another and, in the 
case of resonators, must have a corresponding minimum 
interval between mid-frequencies Since, otherwise, the Sig 
nal components from elements (reflectors or resonators) 
respectively adjacent in terms of position or frequency 
would be Superimposed in the response Signal Such that 
reliable evaluation (identification) of a code of a relevant 
component would no longer be possible. 
0017 Purely for the sake of completeness, it should be 
mentioned that more far-reaching coding options can, addi 
tionally, also be provided for the invention, which is still to 
be described in the following text. For example, codes with 
a base higher than 2 can also be used instead of a binary 
System (reflector present/reflector not present). One possi 
bility for achieving this is to provide a number of amplitude 
thresholds/steps for a respective code element. Another 
possibility is (additionally) to evaluate (in Steps) the phase 
difference between two signals from two code elements. 
0.018 Depending on the required code size, the known 
type of coding is to dispose a greater or lesser number of 
reflector Strips distributed in terms of position along the 
main wave propagation direction of the Surface acoustic 
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wave produced by the transducer, on the Surface acoustic 
wave component. For example, for a code size of 32 bits, it 
is known as prior art for 32 spaces, located one behind the 
other in the direction of the main wave propagation direc 
tion, to be provided for up to 32 reflectors to be positioned 
there. Thus, for a structure resolution (measured on the basis 
of the delay time=path lengths divided by the speed V of the 
acoustic wave) of the System of 1 us, a delay time length of 
31 us, that is to say from the first bit to the 32nd bit, is thus 
required for the dual coding for the configuration of the 
reflectors. Therefore, the substrate wafer required for the 
component must have a considerable length. This is asso 
ciated with technical problems that will also be discussed in 
the following text, in conjunction with the invention. Ref 
erence should also be made to the detailed description 
provided (further below) with regard to the use of resonators 
as code elements. 

SUMMARY OF THE INVENTION 

0019. It is accordingly an object of the invention to 
provide a Surface acoustic wave component which can be 
interrogated by radio and has an optimum code Size which 
overcomes the above-mentioned disadvantages of the prior 
art devices and methods of this general type. The object of 
the invention is, for a predetermined, in particular large, 
code size, to manage with a shorter/Smaller (compared to the 
prior art) Substrate wafer length/size and/or with as few code 
elements per individual code as possible. In other words, the 
aim is to find a coding Scheme for a predetermined code size 
which manages with an optimally Small number of code 
elements per code and which, furthermore, are disposed on 
an individually Selected basis, on a shorter/Smaller Substrate 
wafer length/area. 
0020. With the foregoing and other objects in view there 
is provided, in accordance with the invention, a coded 
Surface acoustic wave component for an ID tag radio inter 
rogation System. The coded Surface acoustic wave compo 
nent contains a Substrate wafer having a Surface with a 
piezoelectric material characteristic, and at least one elec 
troacoustic transducer having an interdigital Structure dis 
posed on the Surface of the Substrate wafer. The electroa 
coustic transducer produces a Surface acoustic wave in the 
Surface with a main wave propagation direction governed by 
the interdigital Structure. A reflector Structure having reflec 
tors functioning as code elements are Spaced apart from one 
another in the main wave propagation direction on the 
Surface of the Substrate wafer. The Substrate wafer has a 
position matrix for positioning the reflectors at correct 
distances apart. The position matrix has basic values at equal 
distances from one another aligned in the main wave propa 
gation direction. In the position matrix, a size of a matrix 
spacing is dimensioned on a basis of a movement distance 
which the Surface acoustic wave travels within a time period 
predetermined by a time-dimensioned measurement inaccu 
racy of a System. And of the basic values of the position 
matrix, only the basic values occupied by the reflectors as 
positions distributed corresponding to a respective code are 
those for which distances between adjacent reflectors are 
always at least of equal magnitude to a structure resolution 
resulting from a frequency bandwidth of the System. 
0021 With the foregoing and other objects in view there 
is further provided, in accordance with the invention, a 
coded Surface acoustic wave component for an ID tag radio 
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interrogation System. The coded Surface acoustic wave com 
ponent containing a Substrate wafer having a Surface with a 
piezoelectric material characteristic and electroacoustic 
transducers having interdigital Structures disposed on the 
Surface of the Substrate wafer. The elecrtoacoustic transduc 
erS produce Surface acoustic waves in the Surface with main 
wave propagation directions governed by the interdigital 
Structures. Resonator Structures are provided and function as 
code elements each having a resonant frequency. The reso 
nator Structures each with respect to a respective one of the 
electroacoustic transducers, are disposed in a respective 
main wave propagation direction thereof. The resonator 
Structures are formed according to a frequency matrix hav 
ing frequencies at equal intervals from one another as basic 
values of the frequency matrix for determining individual 
resonant frequencies of the resonator Structures. A size of a 
frequency interval between the basic values within the 
frequency matrix is dimensioned on a basis of a measure 
ment inaccuracy with which a frequency can be measured in 
a System. And in the frequency matrix the resonant fre 
quency for each of the resonator Structures is Selected Such 
that, within the frequency matrix, only resonant frequencies 
which are used for the resonator Structures are those that a 
respective frequency Separation between two of the resona 
tor Structures provided for adjacent resonant frequencies is 
at least of equal magnitude to a structure resolution of a 
frequency measurement resulting from a resonance duration 
of an individual resonator in the System. 
0022. A novel position or frequency distribution, which 
forms the respective codes, is provided for the novel coding 
principle according to the invention and (in this case 
explained first of all for the case of position distribution of 
reflectors, in the following text) allows a greater number of 
different codes for a given Structure resolution, as defined 
above. In order to remain with the abovementioned example, 
and in the case, for example, of the Surface acoustic wave 
component and its associated System (in particular the 
receiver which evaluates the signals) having a structure 
resolution of, for example, 1 us, and with the acoustic wave 
having a delay time of 31 uS of the abovementioned length, 
the invention results in a code size (17 167 680 177565 
codings) increased by a factor of around 4000 times in 
comparison to the 2° different codings available in the prior 
art, which corresponds approximately to a code size of 43 
bits based on known codings. In order, instead of this, to 
allow the above code size of 32 bits to be used with the 
measure according to the invention Specified in the follow 
ing text, the invention in each case requires only 23 reflec 
tors (resonators) to be fitted for each individual one of the 
codes, for which the considerably shorter Substrate wafer 
length corresponding to a delay time of 22.5 liS is then 
Sufficient. The above numerical comparison is only one 
example of the advantage that can be achieved by the 
invention. If it is assumed that the delay time measurement 
in the case of reflectors (or the frequency measurement in the 
case of resonators) in the System is Subject to even Smaller 
measurement inaccuracy, this can even be chosen to be 
many times greater Still So that, for example, the known 
32-bit coding, in each case having only a maximum of 20 
reflectors fitted per code, can then be generated even with a 
length of 19 us. 
0023. Further exemplary notes will now be provided 
primarily with respect to and on the basis of the configura 
tion of a component according to the invention with reflec 
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tors (=coding in the time domain), and this will be followed, 
further below, by additional information relating to the 
embodiment with resonators (=coding in the frequency 
domain). 
0024. Accordingly, the characteristic of the measurement 
inaccuracy of the System for delay-time measurement or 
frequency measurement was made use of, and was intro 
duced here, for the known Structure resolution A defined 
above. The measurement inaccuracy denotes the random 
and Systematic error with which the delay time/frequency 
value measured using the System differs from the actual 
delay time/frequency value of the physical Structure. The 
time position of a reflector or the frequency of a resonator 
can be defined accurately only within an interval, which is 
referred to as the measurement inaccuracy, owing to the 
inaccuracy of the measurement carried out in or using the 
System. The magnitude of the measurement inaccuracy 8 in 
Systems with a Surface acoustic wave component is gener 
ally considerably Smaller than the magnitude of the Structure 
resolution. The measurement inaccuracy can be reduced 
even further by averaging over a number of measurements 
if the measurement errors are random, or by calibration 
procedures in the case of Systematic errors, and this will also 
be described further below. 

0025. According to the invention, the magnitude 8 is used 
to form the respective position matrix with equidistant 
matrix intervals Öt, or the frequency matrix with identical 
frequency matrix intervals of for the coding, corresponding 
to the teaching of the invention. 

0026. The principle of the invention is, despite the avail 
able Structure resolution A, for example, which is still 
constant and wide as provided by the bandwidth, to dispose 
the reflectors according to the invention in Such a position 
matrix and, in order to allow the position of a respective 
reflector to be determined uniquely despite the limited 
Structure resolution, to provide that the matrix spaces in a 
position matrix are occupied only in Such a manner that 
Spaces which are adjacent to one another in the position 
matrix are occupied when there is no code, that is to Say 
when there is no code configuration. If, for example, the 
measurement inaccuracy of the delay time measurement is 
dimensioned to be half as great (for example ot=0.5 us) on 
a time Scale as the structure resolution A (for example 1 us) 
measured on the same time Scale, then the rule according to 
the invention provides for at least one Space in the matrix to 
remain unoccupied between two occupied Spaces in the 
position matrix. If, for example, the variable Öt is in fact only 
/3 as great as the Structure resolution, this would result in the 
position matrix being Subdivided three times as finely as a 
matrix whose size matches the Structure resolution. 
Although, in accordance with the rule according to the 
invention, at least two Spaces in the position matrix must 
then remain unoccupied between two adjacent occupied 
reflectors of the code, namely once again due to the limited 
Structure resolution, the code size of the principle according 
to the invention then nevertheless rises, however, to 5x10" 
codings with, for example, 32 fitted reflector positions for 
the individual code. The code size of the above 32-bit coding 
would in this case be capable of being generated with a 
maximum of only 20 fitted reflectors per code on a chip 
length which is now only 19 us. 
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0027. For the invention, the above statements also apply 
in the same Sense when resonators are used as code elements 
instead of the reflectors, as will be explained in more detail 
further below. 

0028. A development of the invention provides for an 
equal number of code elements, that is to Say reflectors or 
resonators, always to be provided as Standard in each 
individual one of the components for the Single individual 
codes/(coding options) for the single individual components 
within the group of components of a predetermined overall 
code size. For the Surface acoustic wave component, there 
fore as, Seen from the transducer and with regard to the 
propagation of the acoustic wave, the wave is always 
attenuated to the same extent, and a faulty code is identified 
from there being a different number of received signal 
elements. According to this development of the invention 
with a constant number of code elements, the code elements 
are just disposed distributed differently in the position 
matrix for the respective codes. The entire position matrix 
has a Standard-compared to the prior art-optimally short 
length, thus allowing a short component dimension. 

0029) If the measurement inaccuracy is even lower (for 
example, as mentioned above, 0.33 us), the code size and the 
number of coding options with a predetermined number of 
code elements per code for reflectors can be increased even 
further for a predetermined length and for resonators on a 
predetermined Surface of the component chip. Conversely, if 
the measurement inaccuracy is reduced even further for a 
given code size the number of code elements required per 
code and/or the required length or area of the Substrate wafer 
of the component can be reduced. 

0.030. In other words, the idea of the invention can also be 
described as follows. A matrix according to the invention is 
formed for the code elements of the individual codes of the 
code size. For reflectors, this is a position matrix, and for 
resonators, as code elements, is a frequency matrix. In the 
relevant matrix, the matrix basic values are at equidistant 
(position or frequency) basic intervals ög from one another. 
0031. The intervals are dimensioned on the basis of the 
measurement inaccuracy of the System, in which a delay 
time or a frequency can be measured with an error Ö(Öt for 
delay time measurement; of for frequency measurement). 
0032. In a matrix according to the invention, the intervals 
are optimally dimensioned to be of equal magnitude or else 
greater than the magnitude 6. 

0033. However, according to the invention, the only basic 
values (positions/frequencies) which are in each case "occu 
pied' by code elements are those for which the intervals 
between code elements positioned in Such a manner are 
equal to or greater than the Structure resolution A of the 
overall System. If the measurement inaccuracy is Ö=0.5 liS or 
0.33 us, the intervals A, which are required according to the 
invention, between positioned reflectors as code elements 
are each 1 liS, measured on a time Scale for a structure 
resolution of 1 us. The major difference from the prior art is 
that a position matrix, which is Several times finer in a 
corresponding manner, is available for the fitting of reflec 
tors as code elements by using the Smaller dimension than 
the Structure resolution. If the Structure resolution A remains 
unchanged, it is thus possible, with a constant number of 
code elements per code, to achieve a greater code size, or to 
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achieve the previous code size with fewer code elements per 
code. The division ratio between the structure resolution and 
the Selected matrix Size may also be other than an integer 
(greater than 1). 
0034). If this teaching relating to the technical craft is 
applied to Surface acoustic wave components coded using 
resonators, this results in the following analogy. Instead of 
R reflectors, the number R of resonators are provided and 
disposed on the Substrate wafer of the respective Surface 
acoustic wave component (which forms part of the prede 
termined code size). The R resonators have resonant fre 
quencies f, where i=1 to R, which each differ from one 
another. The matrix for Selection of these frequencies f is the 
frequency matrix according to the invention with its basic 
values f, for example 1 to 46. These have an equidistant 
interval of. The basic interval of the resonant frequencies 
available for coding (subject to a restriction which will be 
mentioned in the following text) is dimensioned in Such a 
manner that it is greater than or, optimally equal to, the 
magnitude of the measurement inaccuracy of with which it 
is possible to measure an individual frequency in the System 
containing the transmitter, the receiver and the component. 
In a comparable manner to the Situation with reflectors, in 
this case as well, the only resonant frequencies f; which may 
be selected for resonators to be used as code elements, 
within the matrix, from the (for example 1 to 46) basic value 
frequencies in the matrix, according to the invention, are 
those for which the intervals between adjacent selected 
resonant frequencies (fi, f.) of two resonators are in each 
case greater than or optimally equal to the Structure resolu 
tion, that is to say the frequency resolution Alf of the overall 
System, including the natural bandwidth of these resonators, 
which results from their quality factor. 

0035. The following calculation rule can be used to 
calculate the code size. It is assumed that P is the number of 
basic values per interval in the structure resolution A(p;6=A). 
For example, P=2 for the example with a measurement 
inaccuracy of 0.5 uS and a structure resolution of 1 uS. P=3 
for the example with a measurement inaccuracy of 0.33 uS 
and a structure resolution of 1 is once again. It is assumed 
that the code size Cu for the number R of respective code 
elements (that is to say Cu R}) and for the number of code 
elements R+P-1(CuR--P-1}) are given. The code size 
(Cu(R+P}) is then obtained from the sum, that is to say 
(Cu(R+P}=(Cu{R}+(Cu(R+P-1}). If, in consequence, the 
code size for P Successive numbers of code elements 
(Cu(R), (Cu(R+1}), ... (Cu(R+P-1}) is known, then the 
code size can be calculated Successively for all the Subse 
quent numbers of code elements. 

0036) The code size can also be increased even further 
when resonators are used as code elements, provided the 
receiving unit is additionally configured Such that it allows 
determination of the amplitude and/or phase or frequency 
position of the received signal elements of the individual 
code element resonators. In this case, the amplitude or the 
phase, or else both types of information, can also addition 
ally be used, in accordance with a principle which is once 
again known per se, for additional expansion of the code 
SZC. 

0037. If the structure of the code elements is also 
intended to be used for Sensory measurement purposes (as 
already mentioned above) as well, then it may also be 
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advantageous not to dispose the possible positions of the 
reflectors or frequencies of the resonators exactly in the 
equidistant matrix according to the invention, but to intro 
duce defined discrepancies in the code element position 
(frequencies), So that the intervals/frequency intervals 
between the code elements are not exactly equal to the 
equidistant matrix. This avoids all the reflectors or resona 
torS Supplying information which is redundant in a Sensory 
manner. In this type of embodiment, of course and as before, 
care must be taken to ensure that all the position and 
frequency intervals between code elements are, according to 
the invention, at least not less than the Structure resolution 
A (1 us for example, above) of the overall Sensor System. To 
achieve this, it is then possible either to dimension the basic 
interval 8 to be larger (as a minimum), or fewer codes can 
be provided. 
0.038. The type of coding of the surface acoustic wave 
component according to the invention offers, inter alia, a 
number of advantages which are described in the following 
text, for example also with respect to the technical imple 
mentation and configuration on the Surface acoustic wave 
component. The type of coding according to the invention is, 
for example and in contrast to multiphase coding, depen 
dent, within limits, on changes to the Speed with which the 
Surface acoustic wave propagates in the component. For 
example, an ID tag with a mid-frequency of 434 MHz, a 
structure resolution of 1 us and a number of P=4 reflectors 
per interval A will be used for comparison. In this case, 
4-stage phase coding (4 PSK modulation) has a comparable 
code size to the coding carried out according to the inven 
tion, which may be referred to as pulse position modulation. 
With this mid-frequency, the minimum structure resolution 
with 1 us is 434x). With the known 4 PSK modulation, two 
adjacent states are separated by a phase angle of 90, that is 
to Say /40. A variation in the time position of a reflector by 
only 0.25 2:434 = 1 us: 1736, for example caused by a 
position inaccuracy in the production of the component or 
due to a discrepancy in the Speed of the Surface acoustic 
wave of the component, thus on its own leads to intolerable 
corruption of the response Signal, and thus to faulty identi 
fication. In the case of a component with coding in the same 
way as that according to the invention, Such an error would 
occur only if the position of a reflector were incorrectly 
positioned by 0.25 its within the matrix. Only then would 
comparable corruption of the Signal occur for a Surface 
acoustic wave component coded according to the invention. 
This shows that a Surface acoustic wave component with 
coding carried out according to the invention is thus leSS 
sensitive by a factor of 400 to fluctuations in the surface 
acoustic wave Speed and/or positioning errors, comparable 
to the the PSK modulation. Apart from this, this is also 
apparent from the fact that the type of coding according to 
the invention is an extremely robust multivalue coding for a 
Surface acoustic wave component. This is associated with 
major advantages, which also affects the production of a 
respective component coded according to the invention. 
0.039 The above text is based on a respective magnitude 
Ö for the measurement inaccuracy, which is Smaller to a 
greater or lesser extent than the Structure resolution A of the 
system, for the matrix intervals Öt and of of the position 
matrix/frequency matrix according to the invention or used 
according to the invention. In this case, the magnitude of the 
value Ö is chosen, for example, on the basis of experience or 
measurements obtained when working with Surface acoustic 
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wave elements. The object of a development of the invention 
is to specify measures using which a (Small) measurement 
inaccuracy magnitude 6 to be achieved can be achieved 
deliberately in a manner which can be predetermined, Spe 
cifically in order to make it possible to use the invention 
described above as optimally as possible. 
0040. In accordance with an added feature of the inven 
tion, the Substrate wafer has a minimum physical length in 
a direction of the position matrix resulting from the inter 
digital Structure of the electroacoustic transducer and the 
predetermined code size with regard to the position matrix. 
0041. In accordance with another feature of the inven 
tion, the code elements can be additionally weighted for 
enlarging a code size. 
0042. The object is achieved by an advantageous way of 
carrying out the process of reading a respective code of a 
respective coded Surface acoustic wave component. The 
process of reading provides for the respective code to be 
read a number of times Successively, that is to Say for the 
respective individual code elements to be measured a num 
ber of times in a corresponding manner. The time dimension 
t for the position of the respective individual reflector or the 
frequency of the respective individual resonator is thus 
detected by measurement, that it is to Say it is measured, by 
the interrogation Signal. The multiple reading of the indi 
vidual code elements of the respective code is carried out in 
an extremely rapid Sequence in the course of the correspond 
ingly multiple reading of the code. This results in data 
records that contain the multiple measurement results of the 
respective individual code element. A data record of the 
Same type is obtained for each code element of the code that 
is read. The data records are analyzed to produce the 
magnitude of the Standard deviation or Some other measure 
that describes the Statistics or the inaccuracy of the indi 
vidual measurements within the respective data record. If 
there are an appropriate number of measurements, a respec 
tive mean value is obtained (for the reflector position or for 
the resonant frequency of the resonator), or else Some other 
representative position/frequency mean value with a mea 
Surement inaccuracy which may be used as the basis for the 
measurement inaccuracy 8 used and defined according to the 
invention. 

0043. If the above multiple reading of the code elements 
of a respective code has resulted in a, for example prede 
termined, measurement inaccuracy 8, that is to Say a pre 
determined matrix Size Öt or of, even being undershot by a 
certain amount, then this increases the probability of the 
respective code element, is to Say the reflector position/ 
resonant frequency, having been measured correctly, that is 
to say the entire code which has been read has been read 
correctly. This development, which relates to the way in 
which the reading proceSS is carried out with multiple 
reading and averaging, results in an evaluation in which all 
the random inaccuracies which are inherent in any measure 
ment are reduced to a (Sufficiently) Small level. 
0044) In the process of averaging the measured values, as 
described above, it is also possible to carry out, in a manner 
comparable to this, a calibration to overcome any Systematic 
errors. To do this, the Surface acoustic wave component 
needs to have at least two reference elements, for example 
comparable to the code elements. These may be reference 
reflectors or reference resonators, for example in the form of 
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a Start element and/or a Stop element in addition to the 
described code elements. The reference elements are dis 
posed independently of the matrix at known positions, or as 
resonators with known resonant frequencies, on the Surface 
acoustic wave component. By comparison of the measured 
and possibly also still averaged measured values of the 
reference elements with their respectively predetermined 
known values, for example comparison of measured time/ 
frequency difference between the Start and the Stop element 
with the structurally predetermined known difference and/or 
comparison of the measured values of the positions/frequen 
cies of the Start element and Stop element with their respec 
tive known actual positions/frequencies, a Scaling factor 
and/or an offset value can be derived, using which (using 
both of which) all the time/frequency measured values of the 
code elements can be corrected. In this case, it is also 
advantageous to carry out the calibration process a number 
of times and to average the result over a number of mea 
Surements in each case, until assurance is obtained that the 
(reduced) inaccuracy of the position/time or frequency val 
ues achieved in this way is even less, by a specific amount, 
than thefa predetermined level of the measurement inaccu 
racy 8. 
004.5 The averaging process described above or the 
above calibration, or else both measures, can also advanta 
geously be carried out as a development of the invention. 
0046. Other features which are considered as character 
istic for the invention are Set forth in the appended claims. 
0047 Although the invention is illustrated and described 
herein as embodied in a Surface acoustic wave component 
which can be interrogated by radio and has an optimum code 
size, it is nevertheless not intended to be limited to the 
details shown, Since various modifications and structural 
changes may be made therein without departing from the 
Spirit of the invention and within the Scope and range of 
equivalents of the claims. 
0.048. The construction and method of operation of the 
invention, however, together with additional objects and 
advantages thereof will be best understood from the follow 
ing description of Specific embodiments when read in con 
nection with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0049 FIG. 1 is a diagrammatic, plan view of a surface 
acoustic wave component having reflectors according to the 
invention; 
0050 FIG. 1a is a block diagram of a component in a 
radio interrogation System; 
0051 FIG. 2 is a plan view used to complete the expla 
nation of the definition of a position matrix; 
0.052 FIG. 3 is a plan view of two surface acoustic wave 
components with different codes for one code size, and each 
having the same number of reflectors as the code elements, 
0.053 FIG. 4 is a plan view of a physical configuration of 
the Surface acoustic wave component coded having resona 
tors as the code elements, 
0.054 FIG. 5 is a frequency matrix, defined according to 
the invention, with its individual resonant frequencies which 
are available for (restricted) Selection; and 
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0055 FIG. 6 is an example of two different codes in the 
frequency matrix. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0056. In all the figures of the drawing, Sub-features and 
integral parts that correspond to one another bear the same 
reference Symbol in each case. Referring now to the figures 
of the drawing in detail and first, particularly, to FIG. 1 
thereof, there is shown an example of a Surface acoustic 
wave (SAW) component 1 according to the invention. The 
SAW component 1 has a substrate wafer 10 composed, for 
example, of lithium niobate, lithium tantalate or the like, or 
else of quartz. These materials have the required piezoelec 
tric characteristic. First, an electroacoustic transducer 12 is 
disposed on a surface 11 of the substrate wafer 10 whose 
plan view is illustrated. This is, for example, an interdigital 
Structure 12 having two comb-like Structures and two elec 
trical connections 14. The connections 14 are positioned as 
pads on a lower base layer 101 of the substrate wafer 10, and 
are electrically connected to the respective comb-like Struc 
ture 12. A dipole antenna 114 that needs to be provided for 
a component that can be interrogated by radio can be 
electrically connected to the connections 14. 15 denotes a 
respective Surface acoustic wave (indicated Schematically) 
to be produced piezoelectrically in the surface 11 of the 
substrate wafer 10 by the transducer 12. A double arrow 115 
indicates an alignment of a main wave propagation direc 
tion. 20 denotes a code element structure overall, which 
contains code elements 21 positioned Such that they are 
aligned to correspond to the wave propagation direction 115. 
The numbers 1, 2, 3 . . . 46 numerically denote “basic 
values' 130 of a matrix, which will be described in more 
detail further below. Of the basic values, the positions 1, 3, 
6, 8, 10, 13 . . . and 46 are each occupied by one code 
element 21. Reflectors 21' are indicated for this purpose in 
FIG. 1. The distribution of the code elements 21, which is 
individually Selected for a respective Surface acoustic wave 
component 1 of a group of Such components, over the 46 
basic values, for example, corresponds to or forms an 
individual code within the predetermined code size, which 
can be provided with this group of components. 
0057 For the special way of carrying out the reading 
process, described above, with calibration to overcome any 
possible Systematic errors, reflectors K and K- are used as 
a start reference code element and as a Stop reference code 
element, as reference elements. 
0058 For the sake of completeness, further structure 
elements should also be mentioned, Such as the reflectors 
which, in a manner known per Se, are part of a Sensor 
Structure 221 which is used, for example, for temperature 
measurement, force measurement or the like. 17 denotes 
conventional wave Sumps for the Surface acoustic wave. 
0059 FIG. 1a shows an overview of a system, which 
contains the Surface acoustic wave component 1, a trans 
mitter S and a receiver E required for radio interrogation. 
0060 FIG. 2 shows, from the same view as that of the 
exemplary embodiment in FIG. 1, only the Substrate wafer 
10 and the interdigital structure 12 of the transducer (since 
this governs the main wave propagation direction 115 in the 
surface 11 of the substrate wafer 10). Instead of the code 
element structure 20 (which has not yet been described here) 
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from FIG. 1, a position matrix 30 according to the invention 
and defined for reflectors for the invention is indicated with 
the basic position values 130 which, as in FIG. 1, are 
annotated 1,2,3 ... up to 46. The individual basic values 
130 are each represented by a (center) line thereof. The 
matrix 30 according to the invention is defined such that, 
first, it is aligned in the main wave propagation direction 115 
of the wave 15 produced by the transducer 12. Since the 
wave propagation direction 115 is in this case linear, the 
position matrix 30 is a linear matrix. A different configura 
tion may also occur in Special cases, but the matrix always 
follows the wave propagation in Such a manner that reflec 
tors as code elements at the occupied positions of the basic 
values 130 can cause the Surface acoustic wave 15 to be 
reflected in a manner known per Se. 
0061 The linear matrix 30 has as many basic values 130 
as required for the predetermined code size taking account 
of a further distribution condition, according to the inven 
tion, for the individual code elements. In accordance with 
the definition provided by the invention, the equidistant 
intervals a between the basic values 130 are dimensioned 
Such that the magnitude of the respective distance between 
adjacent basic values (1 and 2, 2 and 3, . . . ) is equal to a 
movement distance Öt which the Surface acoustic wave 15 
travels within a defined time period. For delay time mea 
Surement with the reflectors 21" as the code elements 21, the 
time period is the measurement inaccuracy 8 measured in 
time as defined above or determined by timing details for the 
System, which includes the Surface acoustic wave compo 
nent 1 together with the transmitter S and receiver E. 
0.062. As stated with the teaching of the invention, the 
basic values 130 of the position matrix 30 may each be 
occupied with a code element 21 only at intervals At 
corresponding to the Structure resolution. If Öts/2At, one or 
more basic values 130 are kept free between two basic 
values 130 occupied by the code elements 21. 
0.063 As an illustrative example FIG.3 shows, alongside 
one another, two position matrices 30' and 30" which each 
have (for the sake of simplicity only) 13 of the matrix basic 
values 130. Of these, there are preferably an equal number 
of positions in the respective matrix which are occupied with 
the code elements 21, that is to say with the reflectors 21", in 
each of the two matrices, namely in each case Six basic 
values 130. However, the occupancy distribution differs 
depending on the different code in the two matrices 30', 30". 
0064. As an example, FIG. 4 shows an embodiment with 
resonators instead of the reflectors 21" as shown in the 
previous figures. 

0065 FIG. 4 shows a plan view of a surface acoustic 
wave component 1" having resonators 220. 10' denotes a 
Substrate wafer on whose Surface 11 transducers 212, the 
resonatorS 220, the connections 14 for the dipole antenna 
114 and the wave Sumps 17 for wave attenuation are 
disposed. A transducer 212 and the two resonator elements 
220 and 220" which form a resonator 220 are shown in 
the Second line of FIG. 4. 115 indicates the main wave 
propagation direction, and 15 the associated Surface acoustic 
wave. The two elements of the resonator 220 contain 
reflector Strips, which are normal for Such a component and 
are Spaced apart from one another, and the resonator is 
tuned, for example to a Selected frequency f, by Selection of 
a distance between the strips. The resonator 220 is a first 
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code element of the coded component 1' shown in FIG. 4. 
Aj-th code element is shown in the line underneath, with the 
resonator 220, which once again is composed of two 
elements, and its transducer 212, that is required to produce 
the wave 15. The frequency f. is also selected from the 
frequency matrix according to the invention. The R-th code 
element of the component 1' is shown in the fourth line. 
Once again, the resonator contains two elements 220. The 
resonator 220 is tuned to the frequency f, which is 
likewise Selected in the predetermined frequency matrix 
according to the invention. The resonant frequencies of these 
resonators are thus Surface acoustic wave structures tuned in 
a manner known perse and having frequencies f to f which 
differ from one another. The Selected frequencies produce 
the overall code of the individual Surface acoustic wave 
component. The transducers 212 to 212 can be connected 
in Series or else in parallel in the manner shown. A physically 
Single transducer construction can also be provided, but this 
covers the illustrated main wave propagation directions 115 
to 115. Normally, the bandwidth of such a transducer 212 
is So large that even identically configured transducers can 
form the transducer chain. 

0066. A frequency matrix 230 according to the invention 
in FIG. 5 and which is relevant for the embodiment with 
resonators is analogous to the position matrix 30 in FIG. 2. 
The matrix interval of in a frequency domain, which is 
relevant to the invention, is obtained from the measurement 
inaccuracy of the System, containing the transmitter, the 
receiver and the component, or from the measurement 
inaccuracy which can be achieved by multiple measure 
ments or by averaging, comparable to the interval between 
the basic values 130 resulting from the time measurement 
uncertainty, in FIG. 2. Based on the embodiments in FIGS. 
1 and 2, 46 frequencies f are also indicated, by way of 
example, in FIG. 5. The total number of such frequencies f; 
which are required for the component 1 in order to Select the 
total number R of resonant frequencies for its resonators 
220, to 220 is once again governed by the predetermined 
code size in this case. In order to allow the component 1 or 
1" as shown in FIG. 1 or FIG. 4, respectively, to be kept as 
geometrically Small as possible, the total number R is also 
Selected to be as low as possible in this case and, by the 
invention, this can be achieved with reduced measurement 
inaccuracy 8 with, for example, an unchanged coarse Struc 
ture resolution A. 

0067. Accordingly, the “occupancy” of the possible basic 
values in the frequency matrix shown in FIG. 5 is subject to 
the limitation that the frequency interval between two adja 
cent frequencies f; and f (j=from 1 to R) used for reso 
nators must be Af, where Afis at least of equal magnitude 
to the Structure resolution resulting from the quality factor of 
the System. The Structure resolution is the frequency interval 
Af which is required in order to make it possible to distin 
guish between two resonant frequencies, which differ from 
one another, in the System. For example, compared with the 
component 1 described above and having the reflectors 21 
with a minimum permissible position interval corresponding 
to the time duration At, an occupancy of the frequency 
positions f, to f in the matrix as shown in FIG. 5 can be 
used with a minimum frequency interval Af=2xöf for an 
embodiment with resonators, if the frequency measurement 
inaccuracy of the System is half the magnitude of the 
frequency Structure resolution Af. 
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0068. In the case of a component with resonators as 
reference elements, resonators K and K2 are used as Start 
and Stop elements, respectively, for carrying out the reading 
process with calibration. 
0069. In a comparable manner to FIG. 3, FIG. 6 shows 
the frequency Scheme for two different codes from a pre 
determined code Size with six predetermined resonators as 
code elements of the code. For example, these are the 
various codes of the components 1(n) and 1(n+1) of a total 
number N of coded surface acoustic wave components 1' for 
a predetermined code size. 
0070 The use of the invention also results in advantages 
relating to the configuration of the production process. For 
example, when producing a component coded according to 
the invention, the exposure time for production of the code 
elements (reflectors/resonators) is reduced, for example 
being halved. This is achieved due to the fact that, for 
example, two reflectors 21' are always placed jointly on the 
exposure mask, and are exposed jointly. For this purpose, 
these two reflectors 21' must be provided with intervals that 
differ from one another, to be precise with minimum inter 
vals corresponding to the rule according to the invention on 
the exposure mask. If, for example, the Structure resolution 
is 1 us and the number of code elements is P=4 per interval 
A of the Structure resolution, then exposure masks must be 
provided which each have two reflectors, which can be 
exposed at the same time, for the reflector intervals of 1.00, 
1.25, 1.50, 1.75 and, possibly, also 2.00 us. 

We claim: 
1. A coded Surface acoustic wave component for an ID tag 

radio interrogation System, the coded Surface acoustic wave 
component comprising: 

a Substrate wafer having a Surface with a piezoelectric 
material characteristic, 

at least one electroacoustic transducer having an inter 
digital Structure disposed on Said Surface of Said Sub 
Strate wafer, Said electroacoustic transducer producing 
a Surface acoustic wave in Said Surface with a main 
wave propagation direction governed by Said interdigi 
tal Structure, and 

a reflector Structure having reflectors functioning as code 
elements and Spaced apart from one another in Said 
main wave propagation direction on Said Surface of Said 
Substrate wafer; 

Said Substrate wafer having a position matrix for posi 
tioning Said reflectors at correct distances apart, Said 
position matrix having basic values at equal distances 
from one another aligned in Said main wave propaga 
tion direction, in Said position matrix a size of a matrix 
spacing is dimensioned on a basis of a movement 
distance which the Surface acoustic wave travels within 
a time period predetermined by a time-dimensioned 
measurement inaccuracy of a System, and of the basic 
values of Said position matrix only the basic values 
occupied by Said reflectors as positions distributed 
corresponding to a respective code are those for which 
distances between adjacent reflectors are always at least 
of equal magnitude to a structure resolution resulting 
from a frequency bandwidth of the system. 
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2. The component according to claim 1, wherein an equal 
number of Said code elements are in each case assigned to 
individual codes with a predetermined code size. 

3. The component according to claim 2, wherein Said 
Substrate wafer has a minimum physical length in a direction 
of Said position matrix resulting from Said interdigital Struc 
ture of Said electroacoustic transducer and the predetermined 
code size with regard to Said position matrix. 

4. The component according to claim 1, including at least 
one Sensor Structure disposed on Said Surface of Said Sub 
Strate wafer. 

5. The component according to claim 1, wherein Said code 
elements can be additionally weighted for enlarging a code 
size. 

6. The component according to claim 1, including refer 
ence elements disposed on Said Substrate wafer. 

7. A coded Surface acoustic wave component for an ID tag 
radio interrogation System, comprising: 

a Substrate wafer having a Surface with a piezoelectric 
material characteristic, 

electroacoustic transducers having interdigital Structures 
disposed on Said Surface of Said Substrate wafer, Said 
elecrtoacoustic transducers producing Surface acoustic 
waves in Said Surface with main wave propagation 
directions governed by Said interdigital Structures, and 

resonator Structures functioning as code elements each 
having a resonant frequency, Said resonator Structures 
each with respect to a respective one of Said electroa 
coustic transducers, being disposed in a respective 
main wave propagation direction thereof, Said resona 
tor Structures formed according to a frequency matrix 
having frequencies at equal intervals from one another 
as basic values of Said frequency matrix for determin 
ing individual resonant frequencies of Said resonator 
Structures, a Size of a frequency interval between Said 
basic values within Said frequency matrix dimensioned 
on a basis of a measurement inaccuracy with which a 
frequency can be measured in a System, and in Said 
frequency matrix Said resonant frequency for each of 
Said resonator Structures Selected Such that, within Said 
frequency matrix, only resonant frequencies which are 
used for Said resonator Structures are those that a 
respective frequency Separation between two of Said 
resonator Structures provided for adjacent resonant 
frequencies is at least of equal magnitude to a structure 
resolution of a frequency measurement resulting from 
a resonance duration of an individual resonator in the 
System. 

8. The component according to claim 7, wherein an equal 
number of Said code elements are in each case assigned to 
individual codes within a predetermined code size. 

9. The component according to claim 7, including at least 
one Sensor Structure disposed on Said Substrate wafer. 

10. The component according to claim 7, wherein Said 
code elements can be additionally weighted for enlarging a 
code size. 

11. The component according to claim 7, including ref 
erence elements disposed on Said Substrate wafer. 

12. A method for carrying out a determination of a 
respective code of a coded Surface acoustic wave compo 
nent, which comprises the Steps of: 



US 2002/0005677 A1 

detecting response Signals of individual code elements of 
the respective code a number of times Successively; 

forming an average value from the response Signals for 
each code element resulting in a plurality of average 
values, and 

determining a measure representing a measurement inac 
curacy from the response Signals of the individual code 
elements of the respective code. 

13. The method according to claim 12, which comprises 
deriving the measure representing the measurement inaccu 
racy as a mean deviation between measured values of the 
response Signals of each code element and its mean value 
(=statistical Standard deviation). 

14. The method according to claim 12, which comprises 
detecting the response Signals of the individual code ele 
ments a large number of times in Such a manner that a 
determined mean measurement inaccuracy of all the aver 
aged values is reduced to a measure Such that the measure 
is less than a predetermined measure of the measurement 
inaccuracy on a basis of which a matrix Size of the coded 
Surface acoustic wave component is formed. 

15. The method according to claim 13, which comprises 
detecting the response Signals of the individual code ele 
ments a large number of times in Such a manner that a 
determined mean measurement inaccuracy of a representa 
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tive mean value is reduced to a measure Such that the 
measure is less than a predetermined measure of the mea 
Surement inaccuracy on a basis of which a matrix Size of the 
coded Surface acoustic wave component is formed. 

16. The method according to claim 12, which comprises: 
carrying out the determination of the respective code of 

the coded Surface acoustic wave component having 
reference elements, 

interrogating the reference elements a number of times 
Successively and at least one of averaged Scaling values 
and offset values are determined from the response 
Signals obtained a number of times, and 

correcting the response Signals of the code elements using 
the averaged Scaling values and the offset values. 

17. The method according to claim 14, which comprises 
detecting the response Signals of the individual code ele 
ments a large number of times in Such a manner that a 
determined mean measurement inaccuracy of a representa 
tive mean value is reduced to a measure Such that the 
measure is less than a predetermined measure of the mea 
Surement inaccuracy on a basis of which a matrix Size of the 
coded Surface acoustic wave component is formed. 


