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Abstract—Electrocorticography (ECoG) is becoming a 

common tool for clinical applications, such as preparing patients 

for epilepsy surgery or localizing tumor boundaries, as it 

successfully balances invasiveness and information quality. 

Clinical ECoG arrays use millimeter-scale electrodes and 

centimeter-scale pitch and cannot precisely map neural activity. 

Higher-resolution electrodes are of interest for both current 

clinical applications, providing access to more precise neural 

activity localization, and novel applications, such as neural 

prosthetics, where current information density and spatial 

resolution is insufficient to suitably decode signals for a chronic 

brain-machine interface. Developing such electrodes is not trivial 

because their small contact area increases the electrode 

impedance, which seriously affects the signal-to-noise ratio, and 

adhering such an electrode to the brain surface becomes critical. 

The most straightforward approach requires increasing the 

array conformability with flexible substrates while improving the 

electrode performance using materials with superior 

electrochemical properties. In this paper, we propose an ultra- 

flexible and conformable polyimide-based micro-ECoG array of 

sub-millimeter recording sites electrochemically coated with high 

surface area conductive polymer-carbon nanotube composites to 

improve their brain-electrical coupling capabilities. We 

characterized our devices both electrochemically and by 

recording from rat somatosensory cortex in vivo. The 

performance of the coated and uncoated electrodes was directly 

compared by simultaneously recording the same neuronal 

activity during multiwhisker deflection stimulation. Finally, we 

assessed the effect of electrode size on the extraction of 

somatosensory evoked potentials and found that in contrast to 

the normal high-impedance microelectrodes, the recording 
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capabilities of our low-impedance microelectrodes improved 

upon reducing their size from 0.2 to 0.1 mm. 

 
Index Terms— micro-electrocorticography, ECoG, PEDOT- 

CNT coatings, flexible microelectrode array 

 

 

I. INTRODUCTION 

HE ambitious goal of a clinically useful brain-machine 

interface (BMI) for controlling external devices via the 

human central nervous system requires the stable, long-term 

recording of large neuron populations from multiple brain 

areas [1-4]. Single-unit activity (SUA) recorded from the 

cerebral cortex using intracortical penetrating microelectrodes 

are the most useful signals for BMI applications and provide 

the best control in terms of accuracy, speed, and degrees of 

freedom [1-4]. Unfortunately, despite their great spatial 

selectivity, the state-of-the-art intracortical microelectrodes – 

metal microwires [5] and silicon-based neural probes, such as 

the Utah array [5,6], Michigan array [5,7], or NeuroProbe 

array [8] – are unable to guarantee safe, accurate, stable, long- 

term, and bidirectional access to brain signals because of their 

invasiveness and the induced biological foreign-body response 

[9]. that encapsulates the neural probes insulating them from 

the surrounding tissues and inhibiting their ability of 

discriminating action potentials [1,10]. However, the several 

types of neural signals – slow cortical potentials (SCPs), 

sensorimotor rhythms (SMRs), and P300 waves – that can be 

recorded using noninvasive electroencephalographic (EEG)- 

based techniques, which avoid the risks of brain surgery, are 

insufficient for controlling the movement of devices with 

multiple degrees of freedom, such as arm or leg prostheses [1- 

4]. Electrocorticography (ECoG) provides a reasonable 

compromise between invasiveness and signal recording 

fidelity. The ECoG approach, compared to scalp EEG, 

improves the spatial resolution, increases the signal-to-noise 

ratio (SNR), widens the frequency range, and reduces the 

training requirements [1,2]. At the same time, compared to 

intracortical implants, it minimizes brain tissue injuries [1,11- 

13], lowers the clinical risk and increases signal stability over 

long periods of time [1,2]. Different studies have shown that 

micro-ECoG arrays, which are characterized by smaller 
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recording sites and reduced inter-electrode spacing relative to 

typical clinical ECoG electrodes, could provide motor cortical 

signals carrying an information density adequate for multiple 

degrees of freedom BMI [1-4,14-17]. The primary issue with 

electrode miniaturization is the increased electrical impedance, 

which results in poor recording quality. A common approach 

to reduce the impedance of microelectrodes while enhancing 

their charge transfer capability is to increase the effective 

surface area [18-33]. Electrochemical deposition allows for 

the precise placement of a variety of conductive polymers on 

active electrode sites with excellent thickness control 

[25,27,28]. Various studies demonstrated that poly(3,4- 

ethylenedioxythiophene) (PEDOT) and PEDOT-carbon 

nanotube (CNT) composite coatings drastically decrease the 

impedance and increase the charge transfer capability of pure 

metal electrodes, which increases both the selectivity and 

sensitivity [19-22,24,25,28,29,31-33], and can provide a more 

adaptable neural tissue interface by reducing the hardness 

mismatch [24,26,28]. Decreased electrode impedance at sizes 

of a few micrometers allows for a reduced pitch between 

electrodes and the exploration of high density microelectrode 

array designs. Another important area of research is to 

investigate soft, flexible, and conformable substrates that are 

capable of accommodating the curvature and movement of the 

brain to keep each microelectrode in the array intimately 

contacted with the cortical surface, thus improving the 

electrical coupling [14,15,34-38]. In this work, we combined a 

technique for fabricating multi-channel, ultra-flexible and 

brain-conformable polyimide micro-ECoG arrays less than 

10 µm thick with a PEDOT-CNT electrodeposition process to 

dramatically decrease the metal microelectrode impedance and 

obtained an ultra-flexible, brain-conformable, low-impedance 

micro-ECoG device. Finally, we present interesting 
 

(a) 

preliminary results to validate our device in vivo by recording 

somatosensory evoked potentials (SEPs) elicited from rat 

somatosensory cortex via multiwhisker deflections. 

 
II. MATERIALS AND METHODS 

A. Ultra-flexible micro-ECoG array fabrication 

A 4 µm-thick polyimide (HD2611, HD MicroSystems, 

Parlin, NJ, USA) layer was first deposited onto an oxidized 

silicon wafer to overcome sample handling issues during the 

fabrication process. After curing, to stabilize the polymer on 

the wafer, a 50 nm-thick silicon nitride layer was deposited via 

plasma-enhanced chemical vapor deposition (PECVD) at a 

temperature of 250°C to improve the adhesion to the metal 

layer. Then, a 20 nm-thick titanium layer was sputtered onto 

the polyimide, a 200 nm-thick gold (Au) film was thermally 

evaporated onto the titanium, and a sacrificial 20 nm-thick 

chromium (Cr) layer was used to cover the underlying metal. 

The microelectrode arrays were then lithographically defined 

to obtain square 100 µm × 100 µm or 200 µm × 200 µm pads 

with 200 µm-wide and 4 cm-long metal tracks. Another 4 µm- 

thick polyimide layer was spin-coated onto the wafer and 

cured to protect the microelectrodes. Then vias were 

lithographically defined into a second Cr sacrificial layer and 

opened using a dry etching technique. The Cr mask and 

underlying sacrificial Cr layer were removed with a wet-etch 

solution to uncover the Au pads (Fig. 1a). Finally, the multi 

electrode arrays were cut out of the holder and were 

approximately 8 µm thick. To enable the handling and 

interfacing of the ultra-flexible structures, the structures were 

bonded to an external flexible PCB containing 17 µm-thick 

copper tracks using an anisotropic conductive film. 
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Fig. 1. (a) Main production steps of the ultra-flexible micro-ECoG array: 1. lithographic patterning of metal tracks sputtered and evaporated onto a silicon 

nitride polyimide layer; 2. deposition of a second polyimide film to passivate and protect this structure; 3. evaporation and patterning of the sacrificial Cr layer; 

4. definition of the pathways in the polyimide passivation layer; 5. mechanical detachment of the ultra -flexible array from the rigid wafer. (b) A picture of the 

ultra-flexible device after detaching from the wafer. (c) One possible micro-ECoG array layout. (d) Details of the two groups of five recording sites 200 µm x 

200 µm and 100 µm x 100 µm in size, and a scanning electron micrograph of a 100 µm x 100 µm Au recording site (inset). 

(b) (c) 

(d) 
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B. Electrochemical co-deposition and characterization 

Carboxylated multi-wall CNTs (COOH-MWCNT, NC 3151, 

<4% of -COOH functional groups, Nanocyl S.A., Sambreville, 

Belgium) were suspended (1 mg ml-1) in ultrapure water 

(Milli-Q, Millipore, Billerica, MA, USA) via horn sonication 

(6 s, 66% duty cycle pulses, 4 W ml-1, for 30 min) while 

cooling in an ice bath. Poly(sodium 4-styrenesulfonate) (PSS, 

Sigma-Aldrich, St. Louis, MO, USA) and 3,4- 

ethylenedioxythiophene (EDOT, Sigma-Aldrich, St. Louis, 

MO, USA) were   immediately added to this suspension 

(0.6 wt% and 0.5 M, respectively), and the solution was 

maintained in a deoxygenated state by bubbling nitrogen 

through it. The PEDOT-CNT nanocomposite coating was 

electropolymerized in situ onto each electrode at a constant 

temperature (ice-water bath, 0°C) using 0.8 V versus a silver 

(Ag)/silver chloride (AgCl) reference electrode with 5°C cm-2. 

The electrochemical behavior of the microelectrodes was 

studied in a 0.9% aqueous sodium chloride (NaCl) solution via 

both cyclic voltammetry (CV) to quantify their capacitive 

charging and electrochemical impedance spectroscopy (EIS) 

to determine the electrical properties of the system over a 

large frequency range. During the CV tests, the working 

electrode potential was swept between 0.5 and −0.5 V versus 

Ag/AgCl at a scan rate of 100 mV/s. During the EIS 

measurements, a sine wave (10 mV RMS amplitude) was 

superimposed on the open circuit potential while varying the 

frequency from 105  to 1 Hz. All of the electrochemical 

depositions and characterizations used a 

potentiostat/galvanostat/ZRA (Reference 600, Gamry 

Instruments, Philadelphia, PA, USA) connected to a three- 

electrode electrochemical cell with a platinum counter 

electrode and Ag/AgCl reference electrode. 

 
C. Neural recording on rat brain and whisker deflection 

These experiments were performed on Long-Evans male 

rats (400-500 gr). Animals were anaesthetized using a mixture 

of Zoletil (30mg/Kg) and Xylazine (5mg/Kg) delivered 

intraperitoneally. For recording sessions, the animal was 

positioned on a stereotactic frame (Kopf, Tujunga, CA, USA), 

and a small craniotomy was made in the parietal bone, which 

exposed the vibrissa region of the somatosensory cortex while 

leaving the dura mater intact. A microelectrode array was 

placed over the cortex between the bone and dura mater to 

record the SEPs elicited via multiwhisker deflections. An 

ultra-flexible micro-ECoG device was tested in nine different 

cortex positions using consecutive 20 min recording sessions. 

All surgical procedures were performed in compliance with 

Italian law regarding the care and use of experimental animals 

(DL116/92) and were approved by the Italian Institute of 

Technology Animal Use Committee and the Italian Ministry 

of Health. The multiwhisker deflections were performed after 

cutting the whiskers contralateral to the recorded cortex 1 cm 

from their base and connecting them to a Velcro strip attached 

to a rod moved by a shaker (Type 4810 minishaker; Bruel & 

Kjaer, Nærum, Denmark) controlled by a DAQ (National 

Instruments, Austin, TX, USA). The deflection stimulus 

consisted of three trains of 10 truncated Gaussians [39] that 

were 12 ms in duration at 9 Hz followed by a 5 s pause. The 

stimulus amplitude was changed for each train to obtain 

multiwhisker deflections of 0.8, 1.1, and 1.3 mm. This 

sequence was repeated 20 times with a 60 s pause between 

iterations. We used a compact 16-channel recording system 

developed in-house that includes a headstage, control unit, and 

acquisition software to record the evoked neural activity [40, 

41]. We can simultaneously record from a maximum of 16 

microelectrodes via an ad hoc adaptor board that allows 

microelectrode groups to connect to the headstage. Each 

channel was low-pass filtered using a fourth-order filter with a 

cut-off frequency set to 8 kHz, whereas a first-order, 3 Hz 

high-pass filter removed the DC component from the recorded 

traces before further user-programmable gain amplification. 

The amplified signals were multiplexed, digitally converted 

(10-bit, 40,000 samples s-1), downsampled to 1 kHz, and 

digitally low-pass filtered to obtain the local field potential 

(LFP, < 250Hz). 

 
D. Signal-to-noise ratio and signal power calculation 

We first characterized the overall noise of the recording 

system. Both Au and PEDOT-CNT-coated microelectrodes 

and the reference electrode were immersed in a 0.9% NaCl 

solution, and a 3 min-long recording session was performed. 

The noise was estimated by computing the spectral power 

densities (SPDs) of each recorded trace, with a segmentation 

length of 512 points sampled at a 4000Hz frequency, 0 

overlapping ratio of the segments, and a 1-1000Hz window 

function. Using the same microelectrodes, we recorded from 

the rat somatosensory cortex both the spontaneous and the 

evoked neural activity, while varying whisker deflection 

amplitude. The SPDs of both spontaneous and stimulated 

activities were computed by averaging signals spectra across 

the 20 recordings obtained during the different stimulation 

pattern repetitions. The signal power over the LFP frequency 

range was computed as the integral of the SPDs of the signals 

and of the noise. The SNRs were computed as ratio of the 

different neural signal powers vs the noise power recorded in 

saline. 

 
III. RESULTS 

The previously described lithographic process (Fig. 1a) 

yielded ultra-flexible polyimide micro-ECoG arrays with a 

total thickness of approximately 8 µm [42]. Our fabrication 

technique was compatible with standard microelectronic 

processing and produced devices with good mechanical 

strength despite their reduced thickness. Polyimide was 

chosen due to its biocompatibility [43] and because it easily 

detaches mechanically from the holder after processing [44]. 

The array layout was tailored to the type of neurophysiological 

experiment. Two possible designs are shown in Figs. 1b and c. 

Fig. 1d presents an optical microscope image of two groups of 

five recording sites 200 µm × 200 µm (large) and 100 µm × 

100 µm (small) in size, and Fig. 1e presents a scanning 

electron micrograph of a small Au recording site. The 
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TABLE I 

  IMPEDANCE AT 100 HZ OF THE COATED MICROELECTRODES 
 

Electrode Magnitude 

100 µm x 100 µm Au-coated 1.6 ± 0.1 MΩ 

100 µm x 100 µm PEDOT-CNT-coated 2.1 ± 0.7 kΩ 

200 µm x 200 µm Au-coated 509.7 ± 177.5 kΩ 

 

PEDOT-CNT nanocomposite was electroplated onto the 

micro-ECoG recording sites to reduce their impedance and 

increase their charge transfer capabilities. PEDOT was chosen 

because of its high conductivity and chemical stability 

[29,30,32], and PEDOT-CNT composite coatings were 

particularly preferred because they outperformed PEDOT in 

terms of impedance reduction, effective surface area increase, 

conductivity, and mechanical stability, taking advantage of the 

excellent properties of CNTs [31]. 

The impedance spectra (Fig. 2a) illustrate how the PEDOT- 

CNT composite coatings dramatically reduced the impedance 

of both the small and large recording sites over the entire 

frequency range (1-105 Hz). In particular, the impedance 

decreased by up to four orders of magnitude in the 1-100 Hz 

frequency band, where ECoG signals are typically recorded, 

with a significant downshift of the first frequency response 

pole. Another consequence of the increased capacitance of the 

coated electrodes is the downshift of their zero to nearly 0 Hz 

that, combined with the first pole, induces a pseudo-resistive 

behavior in the 10-105 Hz band for the large recording sites 

and the 102-105 Hz band for the small sites, as revealed by the 

small phase shift. The impedances at 100 Hz (averaged from 

10 electrodes) are reported in Table I. The total charge transfer 

(a) 

 

 

 

 

 

 

 

 

 

 
(b) 

TABLE II 

      EFFECTS OF REPETITIVE BENDING (10 TIMES) OF COATED ELECTRODES  
 

Radius |Z| @100 Hz |Z| @kHz CTCtot 

None 2.43 ± 0.69 kΩ 3.01 ± 0.74 kΩ 31.71 ± 1.09 mC cm-2 

1.5 mm 2.48 ± 0.70 kΩ 3.07 ± 0.75 kΩ 31.35 ± 0.58 mC cm-2 

0.5 mm 2.66 ± 0.84 kΩ 3.28 ± 0.74 kΩ 34.03 ± 2.52 mC cm-2 

 

capability (CTCtot), calculated as the time integral of an entire 

CV cycle, increased by approximately 350 fold due to the 

increased charge exchange between the electrode and solution 

thanks to the increased effective area of the nanostructured 

coatings. Typical CVs are shown in Fig. 2b, and the 

corresponding CTCtot were 40.4 mC cm-2 and 64.8 mC cm-2 

for small and large areas, respectively. The coatings were 

spongy (Fig. 2c, low-vacuum scanning electron microscopy, 

LV-SEM). The pictured recording sites coated with PEDOT- 

CNT composite (Fig. 2d,e, LV-SEM) illustrate that the coating 

is uniform over the entire surface. In order to check the impact 

of mechanical stresses induced by bending onto the coated 

electrodes properties, we systematically performed 

electrochemical impedance spectroscopy and cyclic 

voltammetry on five different 100 µm × 100 µm PEDOT-CNT 

coated recording sites before and after rolling and unrolling 

repeatedly (10 times) the micro-ECoG device around wires 

with radii of 1.5 and 0.5 mm. The impedance spectra and 

voltammograms are very similar, with mean impedance and 

CTCtot values changes well within the measurement 

repeatability, as shown in Table II. 

To validate the recording capability of our ultra-flexible 

micro-ECoG arrays, we tested the device in vivo on different 

 

 

 

 
 

 

 

 
 

Fig. 2. (a) Impedance spectra of the small and large ECoG array recording sites (mean and standard deviation from 10 recording sites each) before and after 

PEDOT-CNT electrodeposition; (b) sample cyclic voltammograms of the uncoated (black line, small and large electrodes are not distinguishable at this scale), 

small PEDOT-CNT-coated (green) and large PEDOT-CNT-coated (red) recording sites; (c) scanning electron micrograph of the PEDOT-CNT coating; (d) a 

large recording site; (e) a small recording site coated with a PEDOT-CNT composite. 

(c) 

5 µm 

(d) (e) 

50 µm 20 µm 
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Fig. 3. (a) Layout of the 6 × 5 configuration of the micro-ECoG used to record data from the somatosensory cortex; electrode groups A and B are highlighted. 
(b) Corresponding optical picture for the two electrode groups (A, small, and B, large). (b) Averaged SEP using a truncated Gaussian of the first 12 ms of the 

9 Hz train with a rat multiwhisker deflections of 0.8 and 1.1 mm recorded using the PEDOT-CNT-coated microelectrodes for groups A and B, respectively.  

Averaged SEP using a truncated Gaussian of the first 12 ms of the 9 Hz train with a multiwhisker deflection of 1.3 mm for each electrodes (c) group A and (d) 

group B. 

positions of the rat somatosensory cortex according to the 

procedure described above. 

To this aim we used a 6 × 5 layout (Fig. 3a). Of the 30 

electrodes, we selected two square subgroups of five 

(c) 200 µm x 200 µm 

group B 

(d) 100 µm x 100 µm 

group A 

(a) (b) 
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Fig. 4. (a) Layout of the 4×8 micro-ECoG array used to record data from rat 

somatosensory cortex. Groups C and D are highlighted. (b) Averaged noise SPDs 

(dotted lines) obtained for PEDOT-CNT-coated (black) and Au-coated (red) large 

microelectrodes immersed in 0.9% NaCl solution, and the spontaneous activity 

(solid lines) recorded from the rat brain somatosensory cortex using PEDOT- 

CNT-coated (black) and Au-coated (red) large microelectrodes for groups C and 

D (mean and standard deviation of coated and uncoated microelectrodes while 

recording two cortical positions). 

 
electrodes, one for the small recording sites (group A) and the 

other for the larger sites (group B). The total area covered by 

each electrode subgroup was approximately 0.9 mm × 0.9 mm 

with a 750 µm pitch between the four corner electrodes with a 

fifth electrode in the center (Fig. 3a inset). 

To investigate whether the site size affected the recording 

quality of the PEDOT-CNT-coated microelectrodes, we tested 

the recording capability of both groups in three different 

positions (the geometric area ratio between groups A and B 

was 1:4). The typical waveform of SEPs elicited using 9 Hz 

stimulus trains with amplitudes of 0.8 and 1.1 mm, recorded 

using groups A (blue) and B (red), is shown in Fig. 3b. The 

TABLE III 

SEP PEAK-TO-PEAK AMPLITUDE 

Deflection amplitude Group A Group B 

0.8 mm 32.3 ± 15,2 µV 22.2 ± 10.9 µV 

1.1 mm 49.5 ± 27.2 µV 34.2 ± 20.1 µV 
1.3 mm 41.4 ± 26.7 µV 28.1 ± 18.1 µV 

Group A and group B refer to the electrodes having 100 µm x 100 µm and 

200 µm x 200 µm recording area respectively. 

 

traces were obtained by averaging the SEP evoked by 20 

stimulation patterns for each microelectrode size (five small 

and five large, Fig. 3b). All the SEP waveforms have the 

same shape, and their peak-to-peak amplitudes agree with 

the changes in whiskers deflection, which clearly indicates 

the two electrode groups recorded the same neuronal 

activity. It is important to notice that, due to the geometry of 

the array the two electrodes groups are 1 mm apart, and the 

electrodes of the same group have a pitch of 0.75mm, and 

this distance is comparable to the diameter of individual 

cortical columns (~0.5 mm). This means that the different 

electrodes are likely recording from different columns. It is 

known from literature that there is a significant variability in 

cell count across different columns [45-47,] but, arguably, it 

is unlikely that a systematic difference in SEP amplitude 

between small and large electrodes would be explained by 

different radial locations as more columns are recorded and 

averaged by the electrodes belonging to the same group and 

the experiment is repeated while moving the array in 

different positions, as explained before. The averaged SEP 

waveforms recorded by each single electrode for the first 

1.3 mm multi-whisker deflection pattern are reported in Figs. 

3c and d. The total SEP amplitude for the different whisker 

displacements (0.8, 1.1 and 1.3 mm) is reported in Table III. 

The larger SEPs were measured using the smaller 

microelectrodes for all cases regardless of the stimulus 

amplitude or electrode positioning. In particular, the average 

total SEP amplitudes recorded with the 100 µm × 100 µm 

PEDOT-CNT-coated microelectrodes exceed those recorded 

with the 200 µm × 200 µm PEDOT-CNT-coated 

microelectrodes by 31.2%, 30.9% and 31.1% for 0.8, 1.1 and 

1.3 mm whisker displacements, respectively. We then 

computed the SPDs of the SEP recorded by the PEDOT- 

CNT-coated microelectrodes. The SPD related to the small 

microelectrodes was greater than that related to the larger 

ones (4.2%, 5.3%, and 5.5% for 0.8, 1.1, and 1.3 mm 

whisker displacements, respectively). It seems that, when the 

impedance is lowered by a coating such as PEDOT-CNT 

composite the smaller metallic isopotential area underneath 

the smaller electrode allow a better localized recording that 

increases the electrode sensitivity to the evoked potential and 

this sensitivity enhancement clearly derives from the electrode 

properties because the recorded signal derived from an 

averaged signal recorded from the same neuronal activity, as 

previously discussed. Finally, to evaluate how the PEDOT- 

CNT coating improved the recording quality in terms of the 

signal power and SNR, we compared two groups of uncoated 

and PEDOT-CNT-coated 200 µm × 200 µm microelectrodes 

(Fig. 4a, group C and D 4 × 8 electrode layout) by repeating a 
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TABLE IV 

       SNR OF PEDOT-CNT-COATED AND AU-COATED MICROELECTRODES 

PEDOT-CNT-coated Au-coated 

Spontaneous activity 46.1 ± 12.7 13.0 ± 7.9 

0.8 whisker displacement 76.9 ± 15.3 26.2 ± 14.2 

1.1 whisker displacement 88.9 ± 6.8 26.7 ± 17.9 

1.3 whisker displacement 97.7 ± 30.4 27.4 ± 14.6 

 

20 min recording session across five different positions. The 

eight microelectrodes in each group record a 1 mm × 1 mm 

area with a total recorded area of 7 mm × 7.3 mm. The 

distance between two neighboring microelectrodes within the 

same group was 200 µm, whereas the minimal distance 

between the two groups was 5.3 mm. We alternately coated 

the microelectrodes in the two groups with PEDOT-CNT. The 

electrochemical noise SPD is reported in Fig. 4b, dotted lines. 

The averaged SPDs of the spontaneous neural activity 

recorded from the rat somatosensory are reported in the same 

graph (Fig. 4b, solid lines). These SPD plots show that the 

PEDOT-CNT coating enhanced the signal power 3.4 times in 

the LFP (1-250Hz) frequency band. The SNR values are 

reported in Table IV. In all cases, a three-fold SNR increase 

occurred when using the PEDOT-CNT-coated 

microelectrodes. 

 
IV. CONCLUSIONS 

In this work, we presented an ultra-flexible and brain- 

conformable micro-ECoG device with low impedance 

microelectrodes by combining (1) an 8 µm-thick polyimide- 

based micro-ECoG array with (2) the electrochemical 

performance of PEDOT-CNT nanocoatings. We demonstrated 

that our micro-ECoG electrode arrays are suitable for in vivo 

applications by recording SEP from rat somatosensory 

cortexes via multiwhisker deflections. The PEDOT-CNT 

coating enhanced the signal power in the 0-250 Hz band by 

3.4 fold and increased the SNR by three fold. Furthermore, the 

recording of the same neuronal activity with the low- 

impedance PEDOT-CNT-coated microelectrodes indicates 

that the peak-to-peak SEP amplitude depends on the 

microelectrode size with the opposite trend to standard high- 

impedance microelectrodes. In fact, the average SEP 

amplitudes recorded for the smaller electrodes exceed those 

recorded for the larger electrodes by over 30% (geometrical 

area ratio of 1:4, impedance ratio of 3:1). This latter result 

suggests that a thorough investigation of the neural recording 

quality dependencies is required once the microelectrode 

impedances have been reduced to similar values via the high 

surface-+area coatings to account for the recording site size. 

An in-depth exploration of this aspect may yield useful 

information on the most appropriate means of optimizing both 

the size and impedance of microelectrodes to maximize the 

information extracted from a population of neurons in terms of 

both spatial resolution and signal properties. 
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