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Abstract : Introduction: Neural stimulation is increasingly targeted toward treatment of back pain, PTSD, Parkinson’s disease,
and for sensory perception. Sensory recording during stimulation is important in order to examine neural response to
stimulation. Most neural amplifiers (headstages) focus on noise efficiency factor (NEF). Conversely, neural headstages need to
handle artifacts from several sources including power lines, movement (EMG), and neural stimulation itself. In this work a
layered approach to artifact rejection is used to reduce corruption of the neural ENG signal by 60dBv, resulting in recovery of
sensory signals in rats and primates that would previously not be possible. Methods: The approach combines analog techniques
to reduce and handle unwanted signal amplitudes. The methods include optimized (1) sensory electrode placement, (2)
amplifier configuration, and (3) artifact blanking when necessary. The techniques together are like concentric moats protecting
a castle; only the wanted neural signal can penetrate. There are two conditions in which the headstage operates: unwanted
artifact < 50mV, linear operation, and artifact > 50mV, fast-settle gain reduction signal limiting (covered in more detail in a
separate paper). Unwanted Signals at the headstage input: Consider: (a) EMG signals are by nature < 10mV. (b) 60 Hz power
line signals may be > 50mV with poor electrode cable conditions; with careful routing much of the signal is common to both
reference and active electrode and rejected in the differential amplifier with <50mV remaining. (c) An unwanted (to the neural
recorder) stimulation signal is attenuated from stimulation to sensory electrode. The voltage seen at the sensory electrode can
be modeled ® m=I o/4nor. For a 1 mA stimulation signal, with 1 cm spacing between electrodes, the signal is <20mV at the
headstage. Headstage ASIC design: The front end ASIC design is designed to produce < 1% THD at 50mV input; 50 times
higher than typical headstage ASICs, with no increase in noise floor. This requires careful balance of amplifier stages in the
headstage ASIC, as well as consideration of the electrodes effect on noise. The ASIC is designed to allow extremely small signal
extraction on low impedance (< 10kohm) electrodes with configuration of the headstage ASIC noise floor to < 700nV/rt-Hz.
Smaller high impedance electrodes (> 100kohm) are typically located closer to neural sources and transduce higher amplitude
signals (> 10uV); the ASIC low-power mode conserves power with 2uV/rt-Hz noise. Findings: The enhanced neural processing
ASIC has been compared with a commercial neural recording amplifier IC. Chronically implanted primates at MGH
demonstrated the presence of commercial neural amplifier saturation as a result of large environmental artifacts. The
enhanced artifact suppression headstage ASIC, in the same setup, was able to recover and process the wanted neural signal
separately from the suppressed unwanted artifacts. Separately, the enhanced artifact suppression headstage ASIC was able to
separate sensory neural signals from unwanted artifacts in mouse-implanted peripheral intrafascicular electrodes. Conclusion:
Optimizing headstage ASICs allow observation of neural signals in the presence of large artifacts that will be present in real-
life implanted applications, and are targeted toward human implantation in the DARPA HAPTIX program.
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