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ABSTRACT: Ultrasound brain stimulation is spot-lighted by its capability of inducing brain cell activation in a
localized deep brain region and ultimately treating impaired brain function while the efficiency and directivity of
neural modulation are highly dependent on types of stimulus waveforms. Therefore, to optimize the types of
stimulation parameters, we propose a cell-cultivable ultrasonic transducer having a series stack of a spin-coated
polymer piezoelectric element (Poly-vinylidene fluoride-trifluorethylene, PVDF-TrFE) and a parylene insulating
layer enhancing output acoustic pressure on a glass-coverslip which is commonly used in culturing cells. Due to
the uniformity and high accuracy of stimulus waveform, tens of neuronal cell responses located on the transducer
surface can be recorded simultaneously with fluorescence microscopy. By averaging the cell response traces from
tens of cells, small changes to the low intensity ultrasound stimulations can be identified. In addition, the reduction
of stimulus distortions made by standing wave generated from reflections between the transducers and other strong
reflectors can be achieved by placing acoustic absorbers. Through the proposed ultrasound transducer, we could
successfully observe the calcium responses induced by low-intensity ultrasound stimulation of 6 MHz, 0.2 MPa
in astrocytes cultured on the transducer surface.
Keywords: Ultrasound brain stimulation, Glass-coverslip, Poly-vinylidene fluoride-trifluorethylene (PVDF-TtFE),
Astrocyte, Cellular calcium response
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1 1 Ultrasound active area

[ Parylene 1 PVDF-TrFE
[ Glass coverslip 1 Au/Cr electrode

Fig. 1. (Color available online) Structure of cell—
cultivable glass—coverslip integrated ultrasonic trans—
ducer,
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Table 1, Acoustic parameters of materials used in
ultrasonic transducer.

Material | p (ke/m’) | Vi (m/s) | Vs (m/s) |Z (MRayls)
Glass 2,500 5,660 4,002 14.15
PVDF-TrFE | 1,880 2,400 1,200 4512
Parylene 1,357 2,100 1,485 2.85

p = density, V.= longitudinal velocity, Vs= shear velocity, Z =
acoustic impedance
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Fig. 2. (a) Calculated center frequency, —6 dB fre—
quency and (b) sensitivity and electric impedance of
the transducer as a function of PVDF—TrFE thick—
ness. (c) Estimated sensitivity and electric impedance
as a function of aperture size of the transducer,
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Fig. 3. (Color available online) Calculated magnitude
of acoustic force in shear and longitudincal direction
at the depth of 10 um.
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Fig. 4. (Color available online) (a) Preparation of DMA,
MEK, PVDF-TrFE powder. (b) Stirring the PVDF—
TrFE solution combined with DMA, MEK and PVDF—
TrFE. (c) Remove the air bubbles in the solution with
vacuum chamber linked with vacuum pump, (d)
Fabricated PVDF-TrFE solution.
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Fig. 5. Measured PVDF—TrFE thickness as a function
of rotation speed.
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Fig. 6. (Color available online) Ultrasonic transducer
fabrication protocol, (a) Prepare glass coverslip. (b)
Masking glass coverslip with Kapton tape. (c)
Deposit gold/chromium electrode above the Kapton
tape. (d) Detach the Kapton tape. (e) Spin—coat the
PVDF-TrFE. (f) Applying Kapton tape to patterning
the top electrode on the surface of PVDF-TrFE, (g)
Deposit gold/chromium electrode. (h) Detach the
Kapton tape. (i) Remove the portion of PVDF-TrFE
layer to wiring the electrode with coaxial cable, (j)
Soldering between electrode and coaxial cable. (k)
Applying direct—current high—voltage to poling the
ultrasonic transducer. (I) Coating parylene layer
around the transducer,
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ultrasonic transducer and cultured primary astrocytes
labeled with Fluo4—AM dye. Representative astrocytic
calcium traces induced by ultrasound stimulation in
(b) region A and (c) region B,
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