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Abstract — A solution for uniquely identifying any
sensor connected to an evaluation unit without direct
electrical connection to the existing measurement line is
presented. The proposed solution is compatible with existing
measurement systems, operates completely passive, and
withstands temperatures up to 400°C as well as shocks up to
3500 g. The identification tag itself, which carries a unique
serial number, is realized by a high-temperature stable
surface acoustic wave (SAW) device. A low-cost radio
frequency (RF) interrogation unit, which shares the existing
sensor cable, is used for reading the sensor identification
number.
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1. INTRODUCTION

Identifying individual sensors is often desired, in par-
ticular when sensors are frequently replaced or recalibrated,
as e.g. in test blocks for combustion engines. A commer-
cially available pressure sensor from AVL, as shown in
Fig. 1, which is typically mounted close to the combustion
chamber of an engine as can be seen in Fig. 2, has to be
identified, and therefore, was equipped with an identi-
fication (ID) tag. The aim of the identification is to auto-
matically assign correct calibration data and to monitor
hours of operation. With an ID-tag placed inside of a sensor
unit instead of being attached to the end of the sensor cable,
as in existing solutions, cables can be disconnected to
reduce set-up time without the need of carefully reconnect-
ing sensors to assigned connectors. This reduces set-up time
as well as prevents from incorrect measurements caused by
wiring errors and the use of incorrect calibration data.

19,2 mm

Fig. 1. Photograph of an AVL pressure sensor
that is equipped with an identification tag.

Fig. 2. Cross sectional view of a combustion chamber of an
engine, where the pressure has to be measured.

In this harsh environment the identification unit has to
withstand temperatures up to 400°C, high temperature
gradients, vibrations, and accelerations up to 2000 g. The
solution has to be compatible with existing systems, i.e. no
extra lines and extremely high isolation to existing lines,
which are connected to a sensitive charge amplifier. A
further requirement is the mechanical compatibility with
existing sensors, i.e. the ID-tag has to be small enough to fit
into the whole AVL sensor series, and must not add
substantial costs. A high-temperature stable SAW identifi-
cation tag with an interrogation unit operating in the micro-
wave range turned out as the solution of choice, which
fulfils all the criteria mentioned above.

2. SYSTEM CONCEPT

The concept of the presented identification system and
the integration in existing sensor systems is sketched in Fig.
3. In the given example an AVL pressure sensor operating
under extreme environmental conditions is equipped with
the additional identification tag. The sensor, when installed
in the combustion chamber of an engine, is exposed to high
pressure, temperature, vibration, and shock. Such a harsh
environment excludes identification solutions based on
conventional semiconductor devices. The pressure sensor
employing the piezoelectric effect is connected to a sensor
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evaluation unit consisting of a charge amplifier in the first
stage. It is important not to reduce the extremely high
isolation resistance in the signal path, essential for sensitive
charge measurements. Thus, a direct coupling to the existing
measurement lines is out of question. The identification
system may only use the existing shielded connection
without direct ohmic contact.

The RF-interrogation unit is capacitively coupled to the
signal line and the SAW ID-tag inside the pressure sensor is
inductively coupled to preserve high resistance. The RF-
interrogation unit is controlled by the sensor evaluation unit.
In addition to performing measurements with the attached
sensor, the evaluation unit identifies the sensor ID from the
connected sensor. A database in the background, networked
to all evaluation units, provides additional information like
calibration data or duration of life-time of the identified
sensor. With this approach, all components remain
interchangeable, but calibration information is up-to-date at
every evaluation unit and all measurement configurations
are uniquely identifiable.

Charge Amplifier Pressure Sensor
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Fig. 3. Sketch of the sensor identification system, consisting of the
pressure sensor with ID-tag, the sensor cable, which is discon-
nectable at both sides, and the sensor evaluation unit with the
additional RF-interrogation unit for the ID-tag.

3. SAW IDENTIFICATION TAG

Physically based on the piezoelectric effect, a SAW
device consists of periodic metallic structures (interdigital
transducers (IDT), reflector and coupler gratings) deposited
on the plan-polished substrate surface [1].

Due to the piezoelectric effect an electric signal at an
IDT will stimulate a mechanical wave that propagates along
the surface of the tag. Vice-versa, a microacoustic wave
arriving at an IDT causes an electric charge distribution and
hence an electric signal at the terminals of the IDT. An
important feature of SAW devices is a wave propagation
velocity five orders of magnitude slower than the velocity of
light in vacuum, which allows the realization of delay times
in the microseconds range even at small chip sizes [2].

Conventional SAW devices are employed for
implementing delay lines, resonators, filters, and oscillators
for television receivers, mobile communications units, and
many more [3]. Furthermore, SAW devices are well suited
for building low-cost sensors [4—7] for many physical and
also chemical quantities, and in the application as
identification tags [8]. Advantages of SAW ID-tags are their
completely passive operation and the possibility to
interrogate them wirelessly at short distances.

The identification information itself is coded on a SAW
ID-tag, which is fabricated on different types of temperature
stable LiNbO; substrate. A crucial point is the high tem-
perature durability of substrate and metallization. Function-
ality has been successfully proven with tags heated up to
400°C, for temperature gradients of more than 70°C along
the length of the ID-tag, and accelerations up to 3500 g.

For the problem on hand — encoding of a digital number
— the SAW tag is considered as a one-port device with an
IDT connected to an antenna and interrogated wirelessly.
The tag is uniquely marked with a 5-digit number that is
encoded by the position of reflectors or further IDTs, placed
on the tag in a predetermined grid as sketched in Fig. 4.

IDT Reflector Reflector

SAW ID-tag

Antenna Code digit k Code digit k+1

Fig. 4. Principle of the coding scheme of the serial number with
realized with reflectors and one IDT.

The IDT generates an acoustic wave that propagates
along the surface of the substrate. When a reflector is hit, the
wave is partly reflected back to the IDT. The time of travel
between transmission and reception is ideally proportional
to the distance between IDT and reflector. Determining
reflector locations and hence the tag ID-code are thus based
on time-of-travel measurements of the acoustic wave from
transmission by the active IDT to the reflectors and back. As
external parameters such as temperature, mechanical stress
or bending may cause a change in the delay experienced by
the traveling wave, additional information hast to be coded
on the SAW-device to obtain a correct framing information
for decoding the data bits.

The tiny SAW ID-tag is mounted inside the hermetically
sealed pressure sensor. A small antenna on the substrate
allows for an inductive coupling thus preserving the high
isolation resistance. In Fig. 5 the arrangement of the tag
inside the sensor is shown.

Tag holder

Sensor housing

SAW ID-Tag

Fig. 5. Schematic arrangement of the SAW ID-tag
mounted inside of the sealed pressure sensor.

A great advantage of the SAW technique is the
completely passive operation, which means that there is no
need for an additional power supply.
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4. RF INTERROGATION UNIT

The interrogation unit has to generate and transmit a

response signal to the ID-tag and determines the coded
number by evaluating the reflected receive-signal which
means the measurement of S;; of the ID-tag. The frequency
of operation is not restricted to ISM-bands due to the
limitation of free space propagation to regions, which are
completely shielded.
In general, there exist two basic principles to interrogate
SAW devices, either in time-domain or in frequency-domain
[9, 10]. A request in time-domain needs a pulse generator
delivering short RF-bursts and a fast sampling stage. With a
Dirac pulse as request signal we directly get the impulse
response of the ID-tag, describing the tag’s behaviour
completely. Practical realizations use bursts with RF-carriers
and cover a bandwidth that is inversely proportional to the
burst length. The advantage of a fast measurement has to be
paid by a costly sampling stage.

With frequency domain sampling on the other hand a
continuous wave (CW) signal is used with a comparatively
moderate sampling rate. For the — not time critical —
identification of a serial number a CW principle with
frequency stepping (FS) as modulation scheme is used. A
block diagram of the built interrogation unit is shown in
Fig. 6.
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Fig. 6. Block-diagram of the low-cost reader unit.

Signal generation is done by a phase locked loop (PLL)
stabilized oscillator which is capable of delivering exact
frequency points for highly linear stepped ramps. The VCO
signal is amplified by a power amplifier and sent to the
device under test (DUT), which represents the coupling
between interrogation unit and measurement line, as well as
between measurement line and SAW device, the
measurement line, and finally the ID-tag itself.

Transmit- and receive-signal are separated by a low-cost
quadrature hybrid instead of a frequently used circulator.
Additional 3 dB signal losses are acceptable with concurrent
advantages in price, bandwidth and isolation of the hybrid
compared to a circulator.

In the applied homodyne principle the received signal is
mixed with a part of the transmit signal. Next, the amplified
mixer output is low-pass filtered, sampled, and digitized. A
microcontroller (uC) is used for both, controlling the RF-

hardware e.g. generating a frequency ramp, and performing
a signal preprocessing.

5. SIGNAL EVALUATION

Final ID-tag identification is done on a personal com-
puter (PC) on which the pressure sensor evaluation is run-
ning and that is connected to the calibration data manage-
ment system. After preprocessing the measured raw data in
the interrogation unit are transferred from the pC to the PC.

As raw data are measured in the frequency-domain the
time-domain response is calculated by an inverse fast
Fourier transformation (FFT) or by frequency estimation
algorithms [11]. Start-frequency, measurement bandwidth,
and frequency increments are independently and adaptively
chosen by the evaluation software to compensate possible
deviations in the resonance frequency of individual SAW
devices.

In the following step peak positions of the time-domain
response, caused by the reflectors or IDTs and containing
the code information, are determined. The coded number is
assigned by comparing the calculated peak positions to the
imagined grid defined in the coding scheme. For a correct
identification a peak-position accuracy of better than 10 ns
is necessary. As a high resolution is also obligatory to
resolve individual digits the applied window-function is a
trade-off between main-lobe width and side-lobe level.

6. MEASUREMENT RESULTS

In Fig. 7 time-domain plots for different serial numbers
(a) ‘080150°, (b) <09039°, and (c) ‘56300’ are shown. As for
these measurements tags with a series of IDTs instead of
reflectors were used, the interesting code block, marked by
dashed lines, is preceded by large spurious responses. These
signals are caused by inner reflections in between the
individual digits. With a proper design the spurious signals
are decayed enough in the code block section, thus a correct
identification is possible. SAW ID-tags with reflectors
basically exhibit lower preceding spurious signals and can
be designed shorter, due to the fact that the SAW propagates
the path twice. Series of tests showed the reliability under
the required constraints in the considered application.

7. CONCLUSIONS

A low-cost sensor identification technique for the appli-
cation under harsh environmental conditions and compatible
with existing AVL pressure sensors was introduced. Only
minor modifications are necessary to upgrade existing
sensors with ID-tags. Above all, the presented solution oper-
ates completely passive and does neither disturb the original
sensor signal, nor exhibit direct contact to the sensor lines.
Temperature resistance is guaranteed up to at least 400°C
and with new materials [12], currently under investigation,
possible much higher. With the current design 100.000
unique numbers can be identified.

A small size, high temperature stability, and indirect
coupling make this approach suitable for many identification
tasks in industrial applications.
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Fig. 7. Time-domain signals for SAW ID-tags with different codes
of (a) ‘018150, (b) ‘09039’, and (c) ‘56300°. The interesting
section is located between 0.92 and 1.6 ps and marked by
dashed-lines. The peaks before the marked block are due
to inner reflections between code digits.
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