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System-on-Chip For substrate computing 

https://phys.org/news/2016-09-smart-infrastructure-sensors.html

structural health monitoring (SHM)
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 Structure health monitoring

 Self-contained energy harvester

 Bi-direction communication

 Low-power embedded hardware
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System block diagram of the wireless node
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 Three piezoelectric interfaces:

• Harvesting and regulating energy 

• Receiving ultrasonic pulses

• Transmitting ultrasonic pulses
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System block diagram of the wireless node
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 multiplies the input voltage by number of stages.

 The built-up DC voltage has ripples.
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 The generated DC-voltage is stable with drop-off voltage around 1V.
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• UWB ultrasound transmission – Relies on the 

pulse-shaping property of the crystal.

• Power dissipation and loss – charging and 

discharging of the crystal capacitance.
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System block diagram of the wireless node
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• Gain and Sensitivity – can be adjusted by 

changing the reference resistor.

• Receiver – Measures integrated 

energy in received pings. 

Amp. Osc..

• Digital output – Using a relaxation oscillator.



Complete transceiver performance

𝟗𝟖𝝁𝒔

𝟏𝟐𝟔. 𝟖𝝁𝒔

• 28.87µs latency between the ultrasound transmitted 

and received signals separated by 17cm.



On-going research work



CONCLUSIONS

• We have proposed a design of a self-powered CMOS transceiver that can be used for
through-substrate communications using ultrasonic pulses.

• The transceiver is powered by energy that can be harvested from ambient vibrations
present in the substrate and hence can operate without batteries.

• The transceiver will be integrated with a digital processor (also powered by the
energy harvesting modules) which will be programmed to control the transmitter and
also process the digital output produced by the receiver.

• The processor will also be programmed to implement communication protocols that
can be used to form a sensor network inside the substrate such that important
information related to the health of the structure can be reliably communicated.

• Characterization of the proposed telemetry system for these different structures,
combined with the ability of harvest ambient energy for real-time operation will form
the basis of future research in this area.
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