Next generation large-scale micromanipulator systems for distributed neuronal recording in behaving, non-human primates.
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Introduction
In order to gain a greater understanding of the neural mechanisms that mediate cognitive function, new
approaches and technologies are needed to dramatically expand the ability to record and manipulate the
activity of large numbers of neurons throughout widespread areas of the primate brain. To accomplish this
objective, we have developed large-scale, semi-chronic recording instruments that permit the implantation of
hundreds of independently movable microelectrodes in behaving non-human primates. These devices can be
flexibly configured to enable the long-term measurement of neuronal activity from distributed circuits
spanning the depth and breadth of the brain. The instruments are now in widespread use in laboratories in
North America, Europe and Asia. Here, we report recent improvements to the design and fabrication of these
instruments and illustrate example of 5 new designs currently in use.

Bilateral Targeting – 96-chn, 32mm travel
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Figure 4. Design drawings of system for targeting multiple deep cortical targets bilaterally. Each
microdrive contains 96 independently movable electrodes with 32 mm of travel and 1.5 mm inter-electrode
spacing. Targets include the left vmPFC and the right anterior Insula. The skull model (grey) was designed
in SolidWorks using structural MRI data. The image in C shows a transparent skull with all 192 electrodes
fully extended and passing through the target structures. The design was developed for Dr. Jon Wallis at
U.C. Berkeley.
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Custom Design (Large Scale) – 157 chn, 32 mm travel
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Figure 1. A) Cross-sectional view of the actuator mechanism, illustrating the relationships among the
components. B) Design drawing of the leadscrew head and mating screwdriver. C) Original eccentric (left)
and new teardrop (right) shuttle designs. The lead screws can be manufactured to enable up to 40 mm of
electrode travel.

Actuator Block
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Figure 7. A,B) Design drawings of a custom system for targeting the full antero-posterior extent of the
hippocampal formation unilaterally. The microdrive contains 124 independently movable electrodes with
40 mm of travel. The actuators are spaced at 1.5 mm intervals. The guide holes in the bottom of the array
are angled so that the spacing of the electrode tips is 1.0 mm when they reach a plane passing through the
target. C) Assembled microdrive with electrodes extended. D) Electrodes retracted with sterile silicone
grease being injected into a single guide hole to prevent fluid backflow. E) Bottom surface of drive being
painted with sterile silicone sealant. The design was developed for Dr. Shih Cheng Yen at the National
University of Singapore.
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Figure 5. Design drawings of a custom system for targeting multiple cortical targets unilaterally. The
microdrive contains 157 independently movable electrodes with 32 mm of travel and 1.5 mm interelectrode spacing. Targets include the Caudate Nucleus, preSMA, SMA, M1 and PMd. The image in B
shows a transparent skull with all 157 electrodes fully advanced. The chamber (red) is designed to contour
to the outer surface of the skull. The design was developed for Dr. Jose Carmena at U.C. Berkeley.

Figure 2. The Actuator Block is 3D printed, allowing arbitrarily complex designs and configurations with
high channel counts targeting specific brain circuits. A,B) Cross-sectional and side views. The contoured
bottom surface is matched to the inside surface of the animal’s skull, as defined by an MRI-based skull
model. C) Top View. D) Bottom view. The actuator spacing is 1.5 mm.

Assembled 96-channel microdrive and chamber system

Custom Design (Large Scale) – 220 chn, 32 mm travel
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High Density – 16 mm travel, .75mm spacing
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Figure 8. A-C) Design drawings of a high-density 32-channel system with 16 mm of electrode travel. The
final inter-electrode spacing is 0.75 mm. The 3D printing allows parallel actuator holes and funneled guide
holes to be manufactured.

Future Directions include the incorporation of …

Figure 3. Photographs of a fully assembled 96-channel microdrive and chamber system.

Figure 6. Design drawings of a custom system for targeting multiple cortical targets unilaterally. The
microdrive contains 220 independently movable electrodes with 32 mm of travel and 1.5 mm interelectrode spacing. Targets include the OFC, dACC, vACC, area-25, dlPFC, FEF, Caudate, Putamen,
ventral Striatum, PMd, M1, Amygdala, Thalamus and Hippocampus. A,B) Medial and lateral views,
respectively. Electrodes not shown. The design was developed for Dr. Bijan Pesaran at New York
University.

1) Optrodes for optogenetic control of neural circuit activity.
2) Injection cannulae for pharmacological manipulations.
3) Multichannel probes for laminar analysis.
4) On board integrated circuitry for data acquisition, microstimulation, and
closed-loop control.
5) Robotically controlled actuators.
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