
 

 
Supplementary Figure 1 | Design of POLYRETINA. a, Distribution of the photovoltaic pixels. b, Cross                             

section of the PDMS-photovoltaic interface, including: PDMS (50 µm), a second layer of PDMS (10 µm)                               

embedding SU-8 rigid platforms (6 µm), a layer of PEDOT:PSS (50 nm), a layer of P3HT:PCBM (100 nm),                                   

titanium cathodes (150 nm), and a final layer of PDMS (4 µm). Thicknesses are not in scale. c, Picture of the                                         

prosthesis after bonding. Due to the radial elongation, the central area (red) is slightly stretched from 5 to                                   

5.13 mm, while the active area (blue) is increased from 12.7 to 13 mm. On the right, the visual angle is                                         

calculated. The human eye is modelled as a sphere of 12 mm radius (r). The blue arc corresponds to the                                       

active area, where d is the chord length of 13 mm, l is the arc length of 13.738 mm, and h is the height                                               

of 1.9128 mm. The nodal point is represented in red, with a distance of 17 mm. Under these conditions,                                     

the area covered by the active area can be calculated as S = 2πrh = 144.2217 mm2, and it corresponds to                                         

a visual angle α of 46.3° (or 808.12 mrad).   
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Supplementary Figure 2 | pH measurements upon prosthetic stimulation. a, Sketch of the recording                           

set-up. b, Picture of the pH microelectrode located on top of the PDMS-photovoltaic interface. The scale                               

bar is 100 µm. c, Mean (± s.d., N = 3 devices) pH measurements upon 1 hr of full field pulsed illumination (10                                             

ms, 20 Hz, 3.4 mW mm-2, 560 nm, illumination spot 2.2 mm).   
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Supplementary Figure 3 | Evaluation ex-vivo with retinal explants. a, The top panel shows a representative                               

single-sweep recording from a retinal ganglion cell over the PDMS-photovoltaic interface upon maximal                         

illumination (10 ms, 29.08 mW mm-2). The red dotted line is the threshold set for spike detection. The                                   

middle panel shows the raster plot based on the over-threshold events detected and classified as spikes                               

upon 10 consecutive sweeps in the same cell. The green bars represent the light illumination. The cyan bars                                   

represent the regions where SL, ML, and LL spikes have been identified. The red bars correspond to the                                   

detection of the stimulation artefacts at the onset and offset of illumination. Artefacts have been excluded                               

in subsequent analysis. The bottom panel shows the PSTH of the cell computed over 10 consecutive sweeps.                                 

3 
 



 

The blue box shows an enlarged view of the light onset. The asterisks (*) indicate the over-threshold events                                   

detected and classified as spikes. b, Example from a retinal ganglion cell over bare PDMS. c, Mean (±                                   

s.e.m.) firing rate (⬤) and firing probability (◼) of SL spikes, computed across all the recorded cells (n = 39)                                       

on the PDMS-photovoltaic interface. For each cell, the probability has been defined as the percentage of                               

sweeps with at least a SL spike over the 10 consecutive trials. d, Mean (± s.e.m.) latency (⬤) and jitter (◼) of                                           

the first spike occurring in the 10 ms window after the light onset, computed across all the recorded cells (n                                       

= 39, 10 sweeps each) on the PDMS-photovoltaic interface. e,f Mean (± s.e.m.) firing rate of medium (e) and                                     

long (f) latency spikes, computed across all the recorded cells (n = 39, 10 sweeps each) on the                                   

PDMS-photovoltaic interface. 
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Supplementary Figure 4 | Recording of Rd10 retinas ex-vivo. PSTHs (bin 10 ms, mean ± s.e.m.) obtained                                 

from n = 39 and n = 34 retinal ganglion cells, respectively for the PDMS-photovoltaic interface (a) and the                                     

bare PDMS substrate (b). Each row corresponds to a different light intensity expressed on the left in mW                                   

mm-2. Green bars represent the light pulses. On bare PDMS substrate, cells have been tested only for the                                   

high range of irradiance. 
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Supplementary Figure 5 | Pharmacological blockage of network activity. a, The top panel shows a                             

representative single-sweep recording from a retinal ganglion cell over the PDMS-photovoltaic interface                       

upon illumination (10 ms, 23.56 mW mm-2). The red dotted line is the threshold set for spike detection. The                                     

green bars represent the light pulse. The middle panel shows the raster plot based on the over-threshold                                 

events detected and classified as spikes upon 10 consecutive sweeps (overlay) in the same cell. The red bars                                   

correspond to the detection of the stimulation artefacts at the onset and offset of illumination. Artefacts                               

have been excluded. The bottom panel is the PSTH (bin 10 ms) of the cell computed over 10 consecutive                                     

sweeps. b, Response upon illumination (10 ms, 23.56 mW mm-2) of the same retinal ganglion cell in a , after                                       

inclusion of synaptic blockers. Panels c/d respectively show the mean (± s.e.m.) firing rate of medium/long                               

latency spikes, computed across all the recorded cells (n = 6, 10 sweeps each) on the PDMS-photovoltaic                                 

interface before (⬤) and after (◯) the inclusion of synaptic blockers. 
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Supplementary Figure 6 | Optical absorption. Light absorbance/transmittance of POLYRETINA has been                       

evaluated by using a green LED (565 nm, 2.42 mW). Light has been measured with a power meter (PD300-R                                     

Juno, Ophir Optronics Solutions Ltd.). The retinal prostheses (N = 4) have been inserted in the light path                                   

and the light power has been compared with respect of the condition without the prostheses. 
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Supplementary Figure 7 | FEA simulation of thermal effects. a, Temperature increase in the modelled eye                               

after 150 s of continuous illumination (CW, 560 nm, 328 µW/mm2). The insert shows a larger view of the                                     

modelled retina. b, Time course of the temperature increase in the modelled retina during 150 s of                                 

continuous illumination (CW, 560 nm, 328 µW/mm2). The simulation frequency has been set to 1 Hz. The                                 

line is the log gaussian fit (R2 = 0.9958). c, Comparison of the temperature time course during continuous                                   

illumination at 328 µW/mm2 (black dots) and pulsed illumination with 10 ms pulses at 20 Hz and 1.64                                   

mW/mm2 (red line) for 20 s of simulation. The simulation frequency for the pulsed illumination has been                                 

set to 1 kHz. d, Magnification of the last 1 s of the simulation in c. 
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Supplementary Figure 8 | FEA simulation of thermal effects with POLYRETINA. a, Enlarged view of the                               

temperature increase in the modelled eye with POLYRETINA after 150 s of continuous illumination (CW,                             

560 nm, 328 µW mm-2). b, Time course of the temperature increase at the RPE-retina (◯) and                                 

retina-POLYRETINA (⬤) interfaces during 150 s of continuous illumination (CW, 560 nm, 328 µW mm-2). 
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Supplementary Figure 9 | Aggregated model of POLYRETINA. Drawing of the simplified model of                           

POLYRETINA. 
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Material  Thickness  Heat 

Capacity 
Thermal 

Conductivity 
Density  Absorption 

(at λ in nm) 
Perfusion 

rate 
Self Heat 

  µm  J kg-1 K-1  W m-1 K-1  Kg m-3  1 cm-1  1 s-1  W m-3 

Eye  ø 24000              

Aqueous 
Humor 

3100  3997  0.58  1000  0.00025 
(500) 

0  0 

Blood  /  3840  0.53  1050  0  0  0 

Choroid  430  3840  0.53  1050  150 (500)  0.0091  10000 

Cornea  500  4178  0.58  1050  0.51 (514.5)  0  0 

Lens  3600  3000  0.4  1000  0.025 (514.5)  0  0 

Retina  100  3680  0.565  1000  4 (500)  0  0 

RPE  10  4178  0.603  1050  1100 (500)  0  0 

Sclera  500  4178  0.58  1000  5.9 (550)  0  0 

Vitreous 
Humor 

/  3997  0.595  1050  0.00025 
(500) 

0  0 

PDMS  669  1460  0.15  970  3.58 (514.5)  0  0 

PEDOT:PSS  0.15  1978  0.29  1011  1700 (500)  0  0 

P3HT:PCBM  0.1  1400  0.2  1100  40000 (530)  0  0 

Titanium  0.05  5263  6.7  4430  120000 (500)  0  0 

 
Supplementary Table 1 | FEA simulation of thermal effects. Parameters used in the thermal model                             

obtained from Supplementary References 1-14. 
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Domain  Heat 

Capacity 
Thermal 

Conductivity 
Density  Absorption 

(at λ in nm) 
Fraction of 
Titanium 

  J kg-1 K-1  W m-1 K-1  Kg m-3  1 cm-1  % 

Center  1460.89  0.15  970.07  16.91  27 

First ring  1460.89  0.15  969.90  12.30  10 

No titanium  1459.70  0.15  969.80  9.73  0 

Second ring  1460.89  0.15  969.85  11.09  0.5 

PDMS  1460.00  0.15  970.00  3.58  0 

 
Supplementary Table 2 | FEA model of POLYRETINA. Parameters used to generate the aggregated model                             

of POLYRETINA used in the thermal simulations. Parameters can be obtained from Supplementary                         

References 1-14. 
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