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D ] Lightweight wireless headstages for small and large animal electrophysiology research
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ABSTRACT LARGE ANIMAL SYSTEM SMALL ANIMAL SYSTEM

Wireless electrophysiology has a power consumption problem. The simultaneous transmission of high-
fidelity single-unit signals and injection of electrical stimulation pulses creates a tradeoff concern with
battery weight and battery life. The typical solution is to increase battery capacity, but the added weight is
often prohibitive for small animal models. Novel lightweight, low-power wireless solutions would allow
researchers to conduct more complex awake behaving experiments in a wide variety of animal models,
better informing our understanding of the nervous system.
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Spike Neuro and the Wireless Electrophysiology laboratory at Duke University, Department of Electrical
and Computer Engineering, are developing two new wireless solutions for real-time neural recording and
electrical stimulation. With small animal models in mind, we developed ultralightweight Bluetooth solutions
that provide 4 channels of recording only and 8 channels of recording + stimulation. We have
demonstrated transmission of simulated signals over 12 ft while meeting power consumption goals and
maintaining a low bit error rate. This provides an excellent lightweight solution for small animal
researchers; however, these features do not scale to higher channel counts.

For higher channel counts in larger animal models (including rats), we have developed a novel low power
hybrid wireless radio system. Our hybrid radio leverages backscatter modulation technology, utilizing an
incident radio frequency (RF) signal to transmit high data rates, reducing the need for larger batteries.
This technique uses passive reflection and digital modulation of the incoming RF signal that is digitally
encoded for data communications. The active components are contained in a base-station (receiver) with
only a passive chip antenna in the headstage, further reducing weight and current consumption. This
system provides up to 16 channels of single unit recording and 2 channel of +/-1mA constant current A)
biphasic electrical stimulation (up to +/-5V) while weighing < 8 g and requiring only 9 mA. We have
demonstrated binary backscatter modulation and demodulation using a constant RF transmitter and 1 5 99
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Animal with Wireless '8! oauiation Figure A) Small headstages, comparing different Figure B) Small Bluetooth 4-channel spike

Headstage lithium-polymer battery sizes and capacities recording headstage on 0.5" x 0.5" pcb

BLUETOOTH HEADSTAGE TEST SETUP AND DATA

Figure C) Test setup for
Bluetooth headstage
testing: 2 ft. range vs
position vs lost packet rate

This novel wireless technology provides useful solutions for studying the neural basis of natural behaviors
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and test these devices in vivo demonstrating performance previously limited to wired research setups. 14 m
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