ABSTRACT

The Advanced Controls and Microsensors Laboratory at the University of Minnesota has years of experience on wireless sensor technologies. We develop both active and passive wireless sensors and sensing technologies for a variety of applications from biomedical sensors to automotive and traffic applications. Our background in designing novel algorithms and complex control systems has enabled us to approach the passive wireless sensing problem from a theoretical as well as a practical perspective. We also design and fabricate our MEMS sensors by utilizing high-yield microfabrication processes that have been developed in our lab.

There are two different approaches to passive wireless operation: absolute-passive telemetry and active-passive telemetry. In active-passive wireless telemetry, the sensor is integrated with an active modulation circuitry. Instead of being fed by a battery, this active circuitry is then energized by the RF energy transmitted by a remote transmitter (i.e. RFID technology). Another alternative to RF powering is energy harvesting, in applications where such harvesting is possible and viable. In ACML we have developed a novel technology to significantly increase the harvesting efficiency of a piezo-electric element based energy harvesting system for passive wireless sensors.

A second type of passive wireless telemetry (PWT) involves passive sensors that have no on-board active modulation and/or amplification and can be denoted as absolute-passive wireless telemetry. We specialize on two absolute PWT schemes: inductive coupling and surface acoustic wave (SAW) based sensing. The current state of PWT methods lacks the capability of high frequency measurements, which is necessary for sensors such as acoustic transducers. We have developed two novel passive wireless telemetry systems capable of high frequency readout with a specific focus on acoustic sensors for biomedical monitoring applications. Our first technology is based on continuous monitoring and demodulation of the RF carrier signal and utilizes inductive coupling. A telemetry system based on I-Q demodulation and mutual impedance detection has been developed. This interrogation strategy is further improved by the development of innovative algorithms to improve sensor performance by eliminating the need to know the mutual coupling term to estimate sensor measurements. A second method of PWT, the SAW-IDT based telemetry has also been investigated for high-frequency compatibility. A novel SAW-IDT MEMS microphone integration method has been developed. Both approaches to high frequency passive wireless telemetry have been successfully implemented and experimentally verified to detect high frequency capacitive changes (i.e. sensor measurements) occurring up to several MHz.  

The integration of MEMS and PWT enables the creation of ultra-miniature wireless sensors. The merger of these two technologies renders the wafer level integration of the sensor and additional IC components possible, completely or partially eliminating the need for assembly and associated handling challenges as well as parasitic effects. Currently, there are few examples of PWT - MEMS integration mainly because of the limited telemetry distance and the lack of a dedicated fabrication scheme to create sensors that are specifically tailored to be used in PWT. One of our major goals has been establishing such a microfabrication technology to create capacitive membrane based sensors. During the past few years we have created a novel surface micromachining strategy specifically designed to create high sensitivity capacitive MEMS sensors with low series resistance suitable for integration with PWT. Our unique approach to inductive coupling enables the retrieval of high frequency sensor data and enables for the first time the integration of high frequency MEMS sensors with passive wireless sensing technologies to create a new breed of PW sensors such as PW-MEMS microphones and ultrasound sensors. 

