[EEY

10

11

12

13

14

15

16

17

18

Supplementary Information for: Flexible Circumferential

Bioelectronics to Enable 360-degree Recording and

Stimulation of the Spinal Cord

Ben J Woodington', Jiang Lei**, Alejandro Carnicer-Lombarte', Amparo Giiemes-
Gonzalez', Tobias E Naegele', Sam Hilton', Salim El-Hadwe?, Rikin A. Trivedi®, George G

Malliaras't, Damiano G Barone™ ?*

Author information

tCorresponding author

FCo-first author

Affiliations

1. Electrical Engineering Division, Department of Engineering, University of Cambridge,
Cambridge, UK.
2. Department of Clinical Neurosciences, University of Cambridge, Cambridge, UK.

3. Division of Neurosurgery, Addenbrookes Hospital, Hills Road, Cambridge, UK



a) Clean glass or Si wafter b) CVD parylene-c c) Spin coat photoresist d) UV photolithography

e) Metal deposition f) Lift off g) CVD parylene-c h) Spin coat photoresist

b & y b

— ¥ ) g % NG v/

i) uv phgt;t;ography j) RYE_m;Iine k) CVI;;r;Iene—c 1) uv p;o;I;hography
P\

(PR NESD

m) RIE and Spin coat n) Peel back PEDOT:PSS 0) Soak device and release b) ACF bond FFC
PEDOT:PSSc
19
20 Figure S1 - Full fabrication process for the i360 device
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22 Figure S2 - A representative Bode plot for a single i360 electrode, derived from frequency response analysis



cube_size(1)=20 mm Surface: Electric field norm (V/m) o cube_size(2)=50 mm Surface: Electric field norm (V/m)

10° 10°
10 10
10° 10°
10° 10?
10 10
. 10° ] Ui
-4 -2 0 2 4 mm -4 -2 0 2 4 mm
o cube_size(4)=200 mm Surface: Electric field norm (V/m)
10° 10°
10 10*
10° 10°
10° 10°
10 10
L o0 100

23

24 Figure S3 - Simulation experiment investigating the effect that global grounding distance has on stimulation spread
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27 Figure $4 - Simulation experiment investigating the effect that spinal cord length has on stimulation spread
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In order to verify that the size of the grounded box surrounding the spine model and the spine

length does not influence the electric field distribution within the spine, the simulation for a 200 pA

injection current was repeated for box sizes of (50 x 50) mm?, (50 x 50) mm?, (100 x 100) mm?, and

(200 x 200) mm?and for a spine length of 5 mm, 8 mm, and 10 mm. Figure XXXX shows the results.

Figure S5 - Conductivities of the spinal model used for simulation studies.
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Figure 6 - Temporal representation of evolved neural recordings.
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Figure S7 - Wavelet decomposition analysis showing neural signals labelled in blue and other signals labelled in orange.

Here other signals are dominated by cardiac peaks.
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43 Figure S8 - Principal component analysis of the spinal cord recordings. Multiple recordings are shown during an experiment
44 in which four inputs were used: Left sensory, right sensory, left motor, and right motor.
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Figure S9 - Principal component analysis of the spinal cord recordings. Multiple recordings are shown during an experiment

in which two sensory inputs were used: Peroneal and Tibial tonic stimulation using a hook electrode.



