A 25 Mbps, 12.4 pJ/Bit DQPSK Backscatter Wireless Uplink for the NeuroDisc BCI
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Introduction

Multi-day neural plasticity experiments in hon-human
primate (NHP) models require wireless neural
recording with a high rate uplink and minimal power
consumption [1].
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We introduce a 25 Mbps differential quadrature
phase-shift keying (DQPSK) backscatter wireless
uplink for the NeuroDisc brain-computer interface
(BCI), operating in the 902-928 MHz industrial,
scientific, and medical (ISM)-band.

The backscatter uplink consumes 310 pW, yielding a
communication energy efficiency of 12.4 pJ/bit.
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In Vitro & In VivoResults

In Vitro: Good agreement was observed between wireless data
uplinked by the NeuroDisc and data saved to a local SD card by the
NeuroChip-3 BCI [1]. Pre-recorded neural signals were used and each
BCI recorded data at 20 kSps with 16-bit resolution.

Approach

Backscatter communication leverages an asymmetric
architecture that moves the power-hungry RF synthesizer
and amplifer from the BCI to the External Device.

NeuroDisc (DQPSK Backscatter): 12.4 p]/bit and 25 Mbps
SD Card: 1.25 nl/bit and 80 Mbps
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Recorded on the NeuroChip3 SD card
----------------- Wirelessly uplinked from the NeuroDisc

Experimental setup for in vitro recordings Comparison of the signals recorded by both BCls

In Vivo: 16 channels of neural ensemble activity were simultaneously
recorded from a sedated NHP (Macaca nemestrina) at 20 kSps/channel
with 16-bit resolution/channel and uplinked at 25 Mbps.
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The NeuroDisc selectively reflects an incident carrier
wave supplied by the External System by connecting its
antenna to one of four load impedances via an RF switch.

With four discrete loads, we implement DQPSK
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