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SUPPLEMENTARY NOTES

Supplementary Note 1: Common strategies against the battery problem

The strategies to overcome the battery problem mainly narrow down to two main methods:
ambient energy harvesting and wireless power transfer'.  Among these methods, wireless
power transfer schemes could offer greater power densities, with near field inductive coupling
scheme at the forefront?3. Based on this inductive coupling, near-field communication (NFC)
technology have already been utilized in various healthcare applications*, including wearable
pulse oximetry, EEG, PPG, pressure & temperature sensing®’ to implantable optoelectronic
systems for neuroscience® '° and soft contact lenses for IOP and tear-based biomarker
sensing''3, However, NFC-based technologies require application-specific integrated
circuits, which limit their use to that specific application and hinder design freedom to general
use'. On the other hand, well-established inductive-coupling based sensing approaches
eliminate the need for ASICs by utilizing passive resonant sensors and offer great design
flexibility, as demonstrated by numerous applications'''”. Besides, inductively coupled
approaches are reported for transducers for various applications as well'®'°, Nevertheless, for
emerging technologies like wearable ultrasound, such battery-free operation schemes have
not been demonstrated.



Supplementary Note 2: Blood pressure waveform calculation

Ultrasonic time-of-flight measurement-based blood pressure calculation is achieved by the
measurement of the artery diameter as described in?°'25, More specifically, to accurately
calculate blood pressure using carotid artery measurements, we first determine the artery
diameter based on time-of-flight (TOF) assessments for the anterior and posterior arterial
walls. The TOF measurements, derived from region-of-interest (ROI) bands generated during
a calibration workflow, capture the dynamic echo movements of these walls. Initially, the artery
diameter is computed from the TOF values of the anterior and posterior walls in the calibration
workflow. The difference in TOF between the posterior and anterior walls, known as g TOF,
represents the arterial oscillation during each cardiac cycle. The total TOF is obtained by
summing the TOF for each arterial wall with g TOF, yielding a complete time value that serves
as the basis for diameter calculation. Given that ultrasound signals traverse and then reflect
from the arterial walls, the TOF effectively measures twice the diameter. Therefore, the artery
diameter is derived by dividing the product of tissue speed of sound and TOF by two. Using
the calculated artery diameter d(t), the cross-sectional area of the carotid artery, denoted A(t),
is computed as:
2
AC) = nd4(t)

The maximum and minimum values of A(t) correspond to the systolic As and diastolic A4 artery
areas, respectively. To determine the alpha coefficient a, which is essential for calculating
blood pressure, the following relation is used:
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where ps and pq represent the systolic and diastolic blood pressures, respectively. Finally, we
compute blood pressure by:

and a =
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Here, the term A(t)/Aq T 1 accounts for the arterial expansion relative to the diastolic baseline,
scaled by «a, and is added to p. to obtain the real-time blood pressure values.
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Supplementary Fig. 1. Schematic cross-sectional view of the US tags.

Depending on the application requirements, tags can be designed with a coil on a flex-pcb
and without matching layer (a) or on a rigid PCB with conventional matching and backing
layers (b) to improve the bandwidth.
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Supplementary Fig. 2. Simplified block diagram of a portable interrogator.
By utilizing off-the-shelf components, the US tags can be simply interrogated with pre-
programmed microcontrollers, pulser ICs and T/R coils.
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Supplementary Fig. 3. Representative transducer coil optimization for blood pressure
monitoring.

By estimating an inductance value, coils with identical radii were designed with varying turn
numbers. Designed coils were fabricated on standard FR4 PCBs. After soldering the coils to
the ultrasonic transducer, S11 measurements revealed the top performing coil.
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Supplementary Fig. 4. Expected and measured S11 of reader coil with and without blood

pressure monitoring US tag nearby.
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Supplementary Fig. 5. Expected and measured S11 of the reader coil with and without
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axial eye length monitoring US tag nearby.
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Supplementary Fig. 6. Laser Doppler Vibrometry measurements of the wirelessly
excited axial eye length monitoring US tag.
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Supplementary Fig. 7. Pulse-echo response and derived frequency spectra of the
wirelessly excited blood pressure monitoring US tag.
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Supplementary Fig. 8. Pulse-echo response and derived frequency spectra of the
wirelessly excited axial eye length monitoring US tag.
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Supplementary Fig. 9. Underwater frequency sweep of the wirelessly excited axial eye
length monitoring US tag captured by a hydrophone.
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Supplementary Fig. 10. Bladder ultrasound images of the volunteer (1-5).
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Supplementary Fig. 11.

Bladder ultrasound images of the volunteer (6-9).
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Supplementary Fig. 12. Fabrication flow of US tag in epidermal US patch format.
For applications with less strict requirements on bandwidth, use of additional layers can be
avoided.
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Supplementary Fig. 13. Fabrication flow of US tag in US contact lens.
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Supplementary Fig. 14. Fabrication flow of US tag in epidermal US patch format with
matching and backing layers.

For applications with strict bandwidth requirements, matching and backing layers can be used
for improved performance.
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Supplementary Fig. 15. Material speed of sound & attenuation measurement setup for
the characterization of matching and backing layers.

Two identical transducers were used as a transmitter and receiver couple. Measurements
were taken with and without the sample-under-test in between the transducers. Alumina and
tungsten loaded epoxy were used as the matching and backing layer. Based on five
measurements, speed of sound of the matching layer was 2763 N26 m/s, and 918 N17 m/s
for the backing layer. Attenuation coefficient values were 25 N1 dB/cm for the matching layer
and 101 N14 dB/cm for the backing layer.
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Supplementary Fig. 16. Conductance measurements of the transducer with matching
and backing layers.

As the thickness approaches the required matching layer thickness, a broader response is
observed.
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