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Radio frequency systems that can wirelessly charge and communicate to miniature and chip scale devices are important for the emerging application of hardware root-of-trust embeddable in packages of electronic components. This work develops two
complimentary approaches. The first approach uses near field inductive wireless link, and the second approach is based on an acoustic link. Both approaches address the same challenges and enable long range communication in a small form factor.

Power & Communication Range Extension

Near Field Inductive Wireless Link Integrated Wireless Power & Communication  
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 PTEFs vs. x-direction misalignment  PTEFs vs. vertical separation

 -27 dB PTEF at 2 GHz over 500 µm
separation

 Measured PTEFs with
varying lateral
misalignment show that
the tri-coil system has a
600 µm misalignment
tolerance with 6 dB
degradation

 PTEF optimizes at F21 = 2.5
and F45 = 1.5

 PTEF increases with an
increase in F34

  𝑃𝑇𝐸𝐹 =
 (𝐹ଷଵ

ଶ + 𝐹ଷଶ
ଶ 𝐹ଶଵ

ଶ + 𝐹ଷସ
ଶ 𝐹ସଵ

ଶ + 𝐹ଷହ
ଶ 𝐹ହଵ

ଶ + ⋯ )

(1 + 𝐹ଶଵ
ଶ + 𝐹ଷଵ

ଶ + 𝐹ସଵ
ଶ + 𝐹ହଵ

ଶ + ⋯ )ଶ+(2𝐹ଶଵ𝐹ଷଵ𝐹ସଵ𝐹ହଵ𝐹ଷଶ𝐹ସଵ𝐹ହଶ𝐹ସଷ𝐹ହଷ𝐹ହସ)ଶ

 PTEF of -42 dB at 3.5 GHz with 10 cm
vertical separation

 5 cm lateral misalignment tolerance
with 6 dB degradation

 Range extender is planned to be fabricated on a flexible substrate, but first
fabricated on a thin Duroid board to validate the theory

 Power splitting used in the rectifier, to perform RF-
DC conversion and ASK demodulation.

 Fabricated test chip
(dielet and rectifier)

 Factors causing power loss: tri-coil PTEF, effects of misalignment and vertical
separation, mismatch loss between load coil and rectifier, and RF-DC conversion
efficiency of the rectifier

RF LINK ACOUSTIC LINK

• Inductive wireless charging and communication between two
systems of radically different sizes

• Spatially and weakly coupled tri-coil system as synthesis
framework to determine power transfer efficacy (PTEF)

• Fabricated Device and Measurement

• Deploy SHIELD to more operation scenarios requiring longer range with
low add-on cost

• Extend powering and communication range without requiring wired
connections and precise placement of the dielet

• Fully harness the build-in trust and anti-tampering functions of the
low cost SHIELD dielets

Principle of Operation

Fabrication Process Flow

• Starting point (A) consisting of
two thin layers of Si and SiO2

• Device layers and the metal
connections are deposited and
patterned in a precise order

• Released device free to vibrate
and convert the acoustic waves
into measureable electrical
signals

Range Extension for Acoustic Power/Communication 

• Extend the 
communication range 
from mm to  > m, by 
operating at lower 
frequencies, where 
smaller energy losses 
are present

• Maintain a small device 
area within 100 µm x 100 
µm 

• Reduce the thickness of
the piezoelectric layer
from several µm to
100nm.

• Develop models to
predict the behavior of
the device in such
conditions

The acoustic link is formed by:

• An acoustic probe sending
the desired signal to the chip

• An ultrasound sensor (called
piezoelectric Micromachined
Ultrasonic Transducer – or
pMUT for short)

The pMUT is embedded into the
package to convert the acoustic
signal from the probe into an
electrical signal

A pMUT leverages a class of
piezoelectric materials that are
able to accumulate electric
charges when mechanically
stretched

Experimental setup used to
verify the performance of the
sensor

On Channel 1 we connect a
probe to generate the
ultrasound waves that are
picked up by the device.

On Channel 2 we measure the
electrical response of the
sensor.

By comparing the signals on
Channels 1 and 2 we are able to
asses the sensor performance.

The acoustic link was tested
when covered by PLA cases of
various thicknesses (picture
below).

We selected a simple fabrication process to minimize the number of layers
and rapidly prototype the first example of such a nanoscale pMUT.

The next step of the project focuses on the development of a pMUT
that can simultaneously:

Thinner layers have the 
advantage of increasing 

the electric signal 
response

Acoustic Link Motivation Experimental Results

Chip-scale acoustic powering and communication is relevant for various
applications. Some examples are:

• Through-package wireless powering
• Communication with Internet of Things (IoT) devices
• Energizing biomedical implants, wearable devices and MEMS

Objective of this work: Powering of communication with electronic 
components embedded inside the package of integrated circuits.

Acoustic approach can overcome some of the downsides of EM waves, 
which for examples are not suitable for metallic packages. 

Furthermore, when properly scaled, the acoustic approach will enable a 
longer communication range given the the chip size (< 200 x 200 µm2)

• Final fabricated device
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