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Abstract- One of the dominant failure modes of chronic 
neural implants is micromotion of the surrounding'brain tissue 
relative tu the implant leading tu neuronal drift and shear 
injury. In this study, we have (a). Assessed the micromotion in 
the somatosensory curtex and (b). Designed, developed and 
tested a microactuated neural probe that can compensate for 
brain micromotion. We used a differential variable reluctance 
(DVRT) transducer in  adult rats (n=8) tu  monitor micromotion 
in the somatosensory cortex. Electrostatic microactuators were 
fabricated using the SUMMiT (Sandia's Ultraplanar Multi- 
level MEMS Technology) process, a 5-layer polysilicon 
micromachining technology of the Sandia National labs, NM. 
In anesthetized rats, surface micromotion was observed tu he 
in the order of 2-25 pm due tu pressure changes during 
respiration and 1-3 pm due tu vascular pulsatility. I n  addition 
there were long-term drifts in the order of 80 pm due to 
changes in the anesthetic level. The microactuated neural 
probe was capable of moving in steps o f  1 pm with an 
aggregate translational capability in the order of several 
millimeters. I n  conclusion, there is significant micromotion in 
the surface of the somatosensory cortex that could lead to 
failure of  chronic neural implants. Microactuated neural 
probes are capable of compensating for this micromotion. 

Keywords--ehronic implants, microelectrodes, neural 
prostheses 

1. INTRODUCTION 

Failure of chronically implanted neural implants due to 
relative micromotion between the implant and the 
surrounding brain tissue is a problem not easily addressed. 
Sources of motion are readily identified as physiological 
(including cardiac and respiratory pulsations), behavioral 
(occurring from spontaneous head and/or trunk 
displacements) and/or mechanical disturbances of the lead 
wire translated to the electrode beneath the closed 
craniotomy. Several methods have been reported for 
reducing physiological and behavioral motion artifacts [ I -  
151, and many of these are summarily characterized by Britt 
and Rossi [16]. These methods, while demonstrating some 
success in reducing the effects of pulsations on recordings, 
have the distinct disadvantages of involving invasive 
procedures and movement restrictions, essentially moving 
recording scenarios further from the ultimate goal o f  being 
able to record from neurons in their native state. Few 
investigators have reported quantitative data on the extent of 
brain motion [ 16, 171 and even less work has been done on 
the modeling of electrode motion relative the brain [18]. The 
significance of brain motion cannot be disputed when 

confronted with the number of researchers who have 
addressed this barrier to stable chronic recordings and more 
recently in brain mapping and imaging studies, yet 
measurement of motion of the brain is a daunting task. 

With these concems in mind we have developed a 
microactuated Neural probe chip for  continuous and 
independent steering of implantable microelectrode arrays. 
Our long-term goal is to be able to automate the tracking of 
extracellular responses of individual neurons or a population 
of neurons in vivo for long periods of time. 

11. METHODOLOGY 

A microminiature differential variable reluctance 
transducer (DVRT) was used to track micromotion. The 
core of the transducer weighs less than 25 mg (Microstrain 
Inc., Williston, VA). The demodulated voltage output of the 
DVRT was linearly correlated to displacement (4.7 
mV/pn). Adult Wistar rats (n=5) were anesthetized with a 
cocktail (100 mgiml ketamine, 20 mgiml xylazine, IO 
mgiml acepromazine mixed with sterile water). The animals 
were intubated and EKG and end-tidal CO2 were 
continuously monitored. The animals were placed in a 
stereotactic frame and a craniotomy was done centered 
around a point in the somatosensory cortex (3mm lateral and 
2 nun posterior to the bregma according to the rat atlas 
[19]). Two different craniotomy sizes were studied in 
different animals. The DVRT sensors were serially placed at 
several positions in the somatosensory cortex to evaluate 
micromotion. Power spectral and spectral coherence 
analyses were performed on the demodulated voltage output 
from the DVRT, the EKG and the respiratory rate to isolate 
components of micromotion that correspond to vascular 
pulsatility and respiration respectively. 

Electrostatic microactuators and microelectrodes were 
fabricated using the SUMMiT (Sandia's Ultraplanar Multi- 
level MEMS Technology) process. The polysilicon 
microelectrodes have been shown to record extra-cellular 
action potentials from single neurons in-vivo [20]. 

111. RESULTS 

A .  Micromotion in the somatosensory cortex 

Raw demodulated data from the DVRT is shown in 
Figs. 1 and 2. Micromotion due to pressure changes in the 
brain corresponding to the respiratory rhythm was in the 
order of 2-25 p n .  In Fig. 1, a typical micromotion of 
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Fig. 1. Micromotion in the somatosensory cortex caused by 
respiratory rhythms measured using a DVRT transducer, 
approximately 25 pm is evident in the somatosensory 
cortex. Further, long term aperiodic drifts of the brain 
surface lasting several minutes were also observed as shown 
in Fig. 2. These drifts were approximately 80 pm. 
Micromotion due to pressure changes in the vasculature was 
found to be in the order of 1-3 pm. A high degree of spectral 
coherence was observed between the displacement 
waveform and the EKG signal at the fundamental frequency 
of the EKG signal (approximately 2-4 Hz) corresponding to 
the heart rate. Similarly, there was a high degree of spectral 
coherence between the disp!acement waveform and the end- 
tidal CO2 waveform at the fundamental frequency of 
approximately 1-2 Hz corresponding to the respiratory rate. 

B. Electrostatic Microactuator 

T 01-- 

Time ( s e c )  

Fig. 2. Long-term (over several minutes) drifts in the order 
of 60-80 Fm observed in the somatosensory cortex. 

A picture of the polysilicon microprobe extended from 
the Neural probe chip is shown in Fig. 3. A photograph of 
the Neural probe chip is shown in Fig. 4. With a gear ratio 
of 144:l between the microactuators and the 
microelectrodes, the polysilicon microelectrodes can be 
moved in steps of 1 pm or less with a total translational 
movement of several millimeters. The rate of actuation 

depends on the frequ,:ncy of the excitation waveforms, 
which is in the order of hundreds of kilohertz enabling 
extremely fast tracking capabilities. 

Fig. 3. A picture of the polysilicon microelectrode extended 
out of the edge of the Neural probe chip. The 
microactuators are labeled ‘a’. 

Fig. 4. Two Neural pmbe chips shown alongside a penny 
for size comparison. 

Iv. DISCUSSION AND CONCLUSION 

There is significant periodic micromotion in the 
somatosensoty cortex (due to respiration and vascular 
pulsatility. In addition, there are aperiodic drifts in the 
micromotion on the order of 80 pm. Micromotion in the 
order of tens of microns would be of serious concern in 
applications where we iare trying to record extra-cellular 
action potentials from single neurons chronically. However, 
micromotion even in the order of several microns would be 
of concern during intra-cellular recording applications in- 
vivo. The magnitude of micromotion observed in this study 
confirms the role of micromotion as a dominant failure 
mode in chronic neural implants. The data reported here 
were obtained from anesthetized animals. Future 
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experiments will attempt to quantify the micromotion due to 
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