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The rapidly increasing RFID market has generated a huge application pull towards passive RFID
technologies, especially at UHF frequencies. The tutorial deals with low-cost passive RFID tag
solutions at UHF frequencies based on both CMOS and SAW tags.

CMOS tags are advantageous for mass market applications, they are programmable during
operation, smartness can easily integrated into them to deal with multi-tag scenarios, e.g., by
using sub-carrier techniques such as digital mixing, they can run quite complex communication
protocols, and, finally, they can come with additional integrated CMQOS sensor functionalities
and energy harvesting schemes.

On the other hand, SAW tags are advantageous for professional market applications because they
can operate in harsh environments and at rather high temperatures. SAW sensor functionalities
can be integrated and external sensors can be connected.

There are some basic differences between SAW tags and CMOS tags which greatly influences
the system performance. CMOS tags are strongly non-linear, thus CMOS tag systems suffer
from desensitization if strong interferes are present. The lower end of their dynamic range is
determined by the required minimum converted DC voltage. Thus, CMOS tag systems are
voltage-limited, i.e. their bottleneck is on the tag side. On the contrary, SAW tags are linear, thus
the SAW tag systems' dynamic range is determined only by the reader's radar transceiver. So the
sensitivity of the SAW tag system is determined by the required signal-to-noise ratio of the
reader receiver which means that SAW tag systems are noise-limited, so that their bottleneck is
on the reader side. Therefore, for given radio regulations SAW tags have the advantage over
CMOS tags that they allow for a higher dynamic range of the system resulting in a higher read
range.

SAW tags allow an easy integration of sensor functionalities, when physical or chemical effects
are allowed to influence the propagation characteristics of the surface acoustic wave. SAW
sensor tags use a reflective delay line, resonator, or impedance sensor setup to achieve the
required accuracy and sensitivity range. Several application systems are presented which include
wireless measurements of temperature, pressure, torque, acceleration, tire-road friction, magnetic
field, and water content of soil. A discussion of further resonant structures which also could be
used in a passive transponder system will close the presentation.
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