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Abstract— We have previously shown a small simple 

ultrasound-powered nerve stimulator. The piezoelectric 

implant receives power from an external driving ultrasound 

transducer. Focusing the ultrasound beam improves power 

transfer efficiency, but the implant location must be known to 

aim the focus. We show that currents driven by the stimulator 

might be detectable on the skin. By scanning the ultrasound 

focus and measuring the electrical response, we form an image 

of the implant location. This could give a feedback signal for 

aiming the beam, and allow multichannel addressing of several 

stimulators with no added circuitry in the implant. 

I. INTRODUCTION 

ERVE and brain stimulation is used for a range of 

medical therapeutics. Most stimulators draw power 

from an implanted battery, with a lead wire tunneled from 

the battery to the electrodes at a target tissue. The wire 

complicates surgery, causes scar tissue, and can break.  

Instead of running lead wires, power can be transferred 

wirelessly through the body. A power driver worn on the 

skin transmits to a receiver at the stimulation site. The 

BIONs [1] stimulators show this approach, with inductive 

power transfer for battery recharging. Another lead-less 

floating stimulator is the FLAMES [2], which use 

photovoltaics to receive power from nearby optical fibers. 

Inductive power is efficient for large receiver coils 

implanted shallowly in the skin, but less efficient for small 

deep implants [3]. For implants too small to have an onboard 

battery like the BIONs do, power transfer efficiency is 

important for a portable system.  

A. Ultrasonic Transcutaneous Energy Transfer (UTET) 

Instead of transferring power magnetically between 

inductive coils, power can also be sent into the body by 

ultrasound [3, 4]. A transducer on the skin sends ultrasound 

waves into tissue. The pressure waves create strain on a 

piezoelectric in the implant. Voltage from the piezoelectric 

is rectified from a MHz-order frequency into DC power.  

The fraction of the beam that does not cross the receiver is 

wasted, so focusing the power should improve efficiency for 

small implants. Ozeri et al. [4] described UTET for 100mW-

order power levels. This power level requires a relatively 

large piezoelectric receiver. To keep the local power below 

the safety limits, it is best to spread the ultrasound beam 

evenly across the entire piezoelectric receiver. So Ozeri only 

considers flat unfocused transducers. Denisov and Yeatman 
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[3] also do not appear to consider ultrasound focusing in 

their analysis of UTET efficiency. 

With unfocused ultrasound, power density is typically 

highest near the skin. Surface heating sets the safety limit for 

implant power and depth. With focused ultrasound, power 

density can be higher at the focus (if the focal gain exceeds 

the attenuation). By compensating for attenuation, focused 

UTET might allow higher power density at deeper implants. 

A difficulty in using focused UTET is aiming the focal 

spot at the receiver, especially on a moving body. One way 

to localize the implant would be to add a standard pulse-

echo imaging system to the power transmitter, but this 

would add cost and complexity. Another way to detect 

ultrasound exciting a piezoelectric implant is to detect the 

generated electrical current by pickup electrodes on the skin. 

This technique has been described more generally as a 

method of creating an ultrasound contrast agent or position 

marker for implants, using a conventional imaging system 

[5]. When the ultrasound beam excites the piezoelectric, 

high frequency currents are capacitively driven into tissue. 

The detected electrical signals can be used to find the depth 

and location using the transit time and beam angle.  

B. Ultrasound-Powered Nerve Stimulator 

We have shown an implantable nerve cuff stimulator 

powered by a small (1 mm
3
) PZT element at safe ultrasound 

levels [6]. This stimulator contains only the piezoelectric 

ceramic, a diode, a charge-balancing capacitor, and platinum 

electrodes (fig. 1). The piezoelectric converts applied 

ultrasound to MHz voltage, which is half-wave rectified by 

the diode then passed directly to tissue by the electrodes. No 

smoothing is done since the nerve responds to the DC 

average of the current and ignores the superimposed MHz 

currents.  

 
In this work using the same stimulator we show that the 

MHz currents should be detectable on the skin. Incidentally 

to its function, the stimulator also acts as a position marker. 

The amplitude of the MHz signal on the skin is proportional 
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Fig. 1. Diagram of ultrasound-powered nerve stimulator [6].  
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to the overlap of the ultrasound beam with the piezoelectric 

location. As the beam sweeps over an area, the direction that 

returns the largest signal shows the implant position. This 

measurement could be repeated as a feedback signal in order 

to maintain a power link despite movements of the exciter 

with respect to the implant. With a narrow beam, nearby 

stimulators might be powered and controlled independently. 

II. BACKGROUND 

A. Ultrasound Focusing 

The width of the smallest achievable focal zone is 

inversely proportional to the ultrasound frequency. Shorter 

wavelengths can be focused more tightly. This gives more 

focal gain, improving the efficiency. However, high 

frequencies also lose more power in transmission since the 

attenuation constant increases linearly with frequency.  

There is no need to have a focal spot smaller than the 

implant, but above this limit the optimum frequency will 

have a tradeoff depending on implant depth. 

B. Volume Conduction 

Volume conducted electrical currents in the body could be 

used for both power and communication. This method sends 

signals from implanted electrodes to electrodes on the body 

surface [7]. For a short dipole driving current in uniform 

volume conductor, the potential  at a distant measurement 

point can be approximated [8] 

 
where i is the dipole current, D is dipole length, r is distance 

to the point, σ is the medium conductivity, and θ is the 

difference in orientation between the dipole vector and the 

vector from the dipole center to the measurement point. To 

estimate the voltage between differential electrodes on the 

body surface, we take the difference between two potentials 

as shown in fig. 2. 

  As an example calculation we use a dipole current of 1 

mA, dipole length 1 cm, receiver separation 2 cm, and 

implant depth 5 cm. The receiver dipole vector is aligned 

parallel to the implant dipole. In muscle tissue at 1MHz, 

impedance is approximately 0.5 S/m [9]. These values return 

a potential difference of 250 V, which should be detectable 

by low-noise differential amplifier. 

The strategy proposed by this work is to use short ultrasound 

pulses to evoke a locating electrical response from implanted 

devices. Low-power microsecond-order current pulses do 

not stimulate tissue. Once the implanted devices have been 

located and targeted then a longer ultrasound pulse could be 

emitted to drive stimulation. 

 

 

III. METHODS 

The experimental setup is diagrammed in fig. 3, and the 

signal path is traced in fig 4. The transducer emits pulses of 

ultrasound, which are received by the stimulators. The 

stimulators drive pulses of half-wave rectified current, which 

are received by the electrodes. The manipulator scans the 

ultrasound focus across through a tissue phantom. Responses 

measured at each x/y transducer position are compiled to 

form a map of the stimulator position in the implant. 

Pork tissue obtained from market sources was immersed 

in saline employed as a coupling medium for the ultrasound. 

This setup was used as a tissue phantom to model the 

acoustic (attenuation and scattering) and electrical 

(impedance) properties of an implant environment. The two 

stimulators lay side-by-side, 5 mm apart, between layers of 

pork 2.8 cm deep from the front surface of the phantom. The 

piezoelectric neurostimulator is described in more detail by 

Larson et al.[6].  

 

 

 
Fig. 4. Signal path for the mapping system 
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Fig. 3 Setup for finding the stimulator position from the volume-

conducted response. As the ultrasound focus is swept through the 
phantom, the stimulators drive varying levels of current to the pickups 

depending on how much of the beam is intercepted. 

 

 
Fig. 2. Source and receiver dipole arrangement for approximating 

attenuation of volume conducted currents. In the proposed system, 

the stimulator acts as a dipole transmitting to skin surface 

electrodes. 
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The differential pickup and reference electrodes (silver / 

silver-chloride) were placed on the front face of the 

phantom. The pickup electrodes lie on a dipole axis parallel 

to the stimulators since this orientation gives the largest 

signal. 

We use a laboratory-built 1 MHz transducer (50x2.1 mm 

PZT-4, Steiner & Martins Inc, Miami FL) with a cast epoxy 

focusing lens. The beam intensity profile is mapped in fig. 5 

by hydrophone (Precision Acoustics, Dorsey UK). The 

power amplifier is a laboratory-built square-wave driver 

[10]. 

 
The transducer is mounted on a 3-axis manipulator. Axial 

distance from the transducer to the stimulator is fixed at the 

focal distance (6.5cm), only lateral adjustments are used in 

the experiment. The focus is swept across a 1 cm
2
 region in 

1 mm steps. 

The pickup differential amplifier is blanked for 40us from 

the start of the pulse. This prevents overload by artifact from 

the transducer drive and ringdown. Received signals are 

amplified and bandpass filtered from 300kHz to 5MHz. 

IV. RESULTS 

Fig. 6 plots an example of the received signal, volume-

conducted from the stimulators to the pickups. The 40µs 

transit time corresponds to the 65 mm transducer-to-implant 

distance, at 1500 m/s (approximate speed of sound in water 

and tissue). Signals past 60 µs show reflections off the sides 

or ends of the phantom. 

As the manipulator scans the focus through the phantom, 

peak-to-peak voltage is measured at each position. The 

response along a 1 cm sweep through the center of the 

phantom is shown in fig. 7. The two peaks occur 6 mm 

apart, which closely matches the true 5 mm spacing between 

the stimulators. The width of the peaks matches the beam 

profile from fig. 5. The response curve can be seen as a 

convolution of the beam with the implant positions. 

The response across the entire 1 cm
2
 region is mapped in 

figure 8. The peaks correspond to the position of the two 

piezoelectric receivers in the phantom 

 
 

 
 

 
 

 
Fig. 8 Map of received voltage as a function of transducer position. 

Peaks show when the ultrasound focus overlaps with one of the two 
stimulator locations. Voltage along the dashed line is plotted in fig. 6. 
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Fig. 7. Response of the stimulator as it varies with transducer position. 

Extracted from the peak-to-peak voltage of the waveforms as shown in 

fig. 5.  
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Fig. 6. Waveform of the stimulator current as received by the pickup 

electrodes. 0 to 10 µs shows the transducer artifact. Amplifier blanking 
stops at 40 µs. 50 to 60 µs shows the response as the wave passes 

through the piezoelectric and is converted to current. 
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Fig. 5. Temporal-peak pressure across the focus of the ultrasound 

beam 
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V. DISCUSSION 

The ability to resolve the two stimulators suggests they 

could be separately targeted and powered. Stimulation 

intensity and duration would be directly set by the 

ultrasound beam power and dwell time.  

The system presently cannot predict the stimulation 

current. The attenuation through tissue is generally 

unknown, so the power received by the stimulator is 

unknown. We previously reported a technique of pulse width 

modulation that is a possible approach to calibrating power 

values [11].  

The time-peak spatial-peak intensity used in this work 

was 8 MPa as a proof of concept with a very simple 

receiving and demodulating system. Peak-to-peak voltage is 

a noise-sensitive measurement which inefficiently uses the 

received power. Still, volume conducted signals do have 

high attenuation in the body [7]; this is a limiting factor for 

short devices with small dipole moments. 

Ultrasound powered neurostimulators of our reported 

design are particularly suited for this method since their 

function directly emits a high frequency signal with no 

waveform smoothing. MHz frequency signals are above 60 

Hz and other environmental noises and so may be more 

easily detected than simple pulse waveforms. Thus we detect 

the signal mostly at the drive frequency (1MHz), but one 

could also detect the DC component of the stimulation pulse, 

or separately filter the harmonics (2MHz, 3MHz, etc) made 

by the diode.  

The system would be implemented with a phased array 

transducer rather than a fixed focus. The focus of a phased 

array can be electronically swept and varied in depth. With 

this flexibility, more efficient aiming and feedback 

techniques may be possible [12]. 

The passive multichannel addressing described could be 

used for simple ultrasound-powered biopotential recorders 

[13]. These recorders are nearly identical to the stimulators 

(containing only a piezoelectric, a diode, and electrodes), 

and work by using the diode as an AM mixer to encode the 

electrode offset voltage onto the received ultrasound wave.  

VI. CONCLUSION 

Focusing and scanning of an interrogating ultrasound 

beam through tissue and then detecting evoked skin 

potentials shows promise as a way of locating and 

independently powering ultrasound powered 

neurostimulators so as to achieve multichannel operation. 
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