Acute recording in rat using CMOS-based high-density silicon microprobe array for electronic depth control
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Recording of single neuron activity with high spatial resolution in the cerebral cortex is required for a basic understanding of neural processes and for an improved control of neural prostheses. Currently, this goal can only be achieved using silicon based MEMS arrays with probe shafts comprising multiple electrodes. Advantages of these systems are precise one-, two- and three-dimensional electrode configurations and the possibility to integrate electronic circuitry. However, restrictions of existing systems are a limited number of electrodes along the slender probe shafts as well as the lack of position control of the recording sites.

We report on the design, fabrication and performance of a CMOS-based high-density silicon microprobe array for extracellular in vivo neural recordings and their potential for electronic depth control. These microprobes contain a large number of electronically switchable electrodes, i.e. 50 electrodes/mm along the probe shaft, which enables electrodes to be appropriately selected with respect to the location of specific neurons. Over time, a possible drift of the probe shaft in the tissue can be compensated by switching to nearby electrodes. This depth control constitutes a significant improvement of multielectrode probes given that so far the only alternative has been the fine positioning of all electrodes in parallel by mechanical probe translation.

In the present implementation, 188 electrodes (diameter 20 µm, pitch 40 µm) are arranged in two columns along the slender 4-mm-long and 160-µm-wide probe shaft. A subset of 8 electrodes can be selected by the on-shaft integrated CMOS multiplexer fabricated using a commercial CMOS process. Post-CMOS processing is used for deposition and patterning of platinum on the recording sites and for probe structuring. The impedances are in the range of 0.5 - 1.5 MOhm at 1 kHz measured in 0.9% saline solution. In the off-state, impedances clearly above the on-state are measured.

The operation of the microprobe was verified by acute implantation in the primary motor cortex (M1/M2 region) of a Long-Evans rat under ketamine/xylazine anesthesia. The probe assembled on a printed circuit board was attached to a micro manipulator which was used for the insertion through the dura mater. Local field potentials, multiple and well separable single unit activity were recorded from the brain, while switching electronically through electrodes of the whole probe shaft indicating specific layers of the cortex.
