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Supplementary Note 1: In vitro experiments of  phosphorus doped Si NM electrodes 

Results of impedance measured on devices constructed using Si NMs with different dopant species 

and concentrations (phosphorus, between ~1017 and ~1020/cm3; and boron, at ~1020/cm3) are 

comparable at all frequencies, up to ~1 kHz. (Supplementary Figs 4 and 5). The impedances 

measured from Si NMs with different thicknesses across a relevant range also show similar values 

(Supplementary Fig. 6), thereby suggesting an ability for continuous, reliable neural recording 

even as the electrodes dissolve over time. The doping level and the thickness do, however, strongly 

affect the time for complete dissolution, where increasing the level and thickness increases the 

lifetime. The impedance decreases, as expected, inversely with the areas of the electrodes 

(phosphorous, ~1020/cm3), as illustrated in the data of Supplementary Fig. 7 for dimensions of 

200×200 µm2 (A1), 300×300 µm2 (A2), 400×400 µm2 (A3), 500×500 µm2 (A4). 

 

 

Supplementary Note 2: Operation of the multiplexing on a representative unit cell 

Supplementary Figs 16-18 summarize the key aspects of the designs of circuits that incorporate 

these transistors for multiplexed addressing. The approach involves two transistors per unit 

cell12,14, in which a buffer transistor connects to the interface electrode to provide buffering of 

measured biopotentials, and a multiplexing transistor allows electrodes in a given column to share 

a single output wire. The surface electrodes appear in the top layer, where they come into physical 

contact with the brain; they connect to the underlying backplane circuit through vertical 

interconnect access holes (vias). An active shielding scheme described in Supplementary Fig. 18 

improves the signal to noise ratio of the system by reducing the parasitic capacitance and increases 

the gain of each site of the electrodes. The operation involved successive application of 3V (Vr) to 
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the gate of the multiplexing transistor when a particular row was activated and -3V (Vr) when the 

row was not selected (Supplementary Figs 16 and 17). A constant current of 4 µA was used to bias 

the column output and complete the source follower amplifier. The output voltage (Vc) was high-

pass filtered to have an average DC bias of 2V and connected to the column power source line 

(Vas). By using analog feedback, the negative effects of parasitic capacitance in the drain of the 

buffer transistor are reduced and the AC signal gain of the electrode array is improved. A 50 Hz, 

200 mV (peak to peak) sinusoidal waveform was applied to a metal reference electrode immersed 

in PBS at pH 7.4 and recorded from the active electrode array (Supplementary Fig. 19). During 

multiplexed sampling, driving the row select signal selects a single row of electrodes at a time. 

This scheme allows the unit cells in the corresponding row to drive the column output lines which 

connect to a high-speed analog to digital converter. Row select signals are rapidly cycled to sample 

all electrodes on the array. The entire device connects to an external data acquisition (DAQ) system 

through a zero insertion force (ZIF) connector with 26 contact. 
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Supplementary Figure S1 | Materials and procedures for fabricating bioresorbable passive 
electrodes on biodegradable substrates (PLGA) and a device image. (a) Schematic illustrations 
of key processes for fabricating bioresorbable passive electrodes: (1) printing highly n-doped Si 
on temporary substrates, (2) defining the mesh structure, followed etching by RIE and immersion 
buffered oxide etchant (BOE), (3) retrieving the device onto a PDMS slab, (4) printing the device 
onto a bioresorbable substrate (PLGA), and (5) removing the top D-PI layer. (b) Optical image of 
a complete device. 
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Supplementary Figure S2 | A photograph of a bioresorbable passive electrode array with a 
penny. 
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Supplementary Figure S3 | EIS characterization of Si and Au. (a) Schematic description of the 
equivalent circuit model used to fit EIS measurement results. CPE is the constant phase element 
representing the double-layer capacitance; RCT is the charge transfer resistance; and RS is the 
solution resistance. (b) Results of measurement (solid lines) and fitting (dashed lines) for the 
impedance. (c) Representative values of CPE and RCT for Au and Si. 
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Supplementary Figure S4 | Impedance spectra of phosphorus doped Si NM electrodes with 
different doping concentrations (1017 /cm3, 1019 /cm3, 1020 /cm3). 
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Supplementary Figure S5 | Impedance spectra of boron and phosphorus doped Si NM 
electrodes with the same doping concentrations (1020 /cm3) for both boron and phosphorus. 
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Supplementary Figure S6 | Impedance spectra of different thicknesses (300 nm, 210 nm, 120 
nm) of sites of Si. 
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Supplementary Figure S7 | Impedance spectra of phosphorus doped Si NM electrodes with 
the different areas (200×200 µm2 (A1), 300×300 µm2 (A2), 400×400 µm2 (A3), 500×500 µm2 
(A4)) of sites. 
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Supplementary Figure S8 | Hydrolysis kinetics for SiO2 and Si3N4 used in the devices. 
Thicknesses as a function of time during dissolution in artificial cerebrospinal fluid (ACSF) at 37 
°C. The initial thicknesses were 300 nm for both SiO2 and Si3N4. 
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Supplementary Figure S9 | Impedance spectra of before and after bending with 2 mm 
bending radius of a bioresorbable passive electrode array.  
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Supplementary Figure S10 | In vivo neural recordings in rats. (a) Slow wave activity and (b) 
k-complexes recorded using a bioresorbable electrode array and a control stainless steel microwire 
electrode. 
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Supplementary Figure S11 | A photograph of bioresorbable passive electrode array placed 
onto the periosteum of a rat. 
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Supplementary Figure S12 | Photographs of surgery associated with chronic recording 
experiments. Implanting the bioresorbable electrode arrays on a rat brain, applying the dental 
cement, and then burying the head stage board.  
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Supplementary Figure S13 | Representative ECoG signals recorded by the bioresorbable 
array (Ch1, Ch2, and Ch3) and the control electrode on day 32.  
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Supplementary Figure S14 | A photograph after the surgery of the device implantation, 
showing freely moving rat with a head stage connector. 
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Supplementary Figure S15 | Clinical platinum electrodes for ECoG, 8 × 8 Electrode Grid 
(left), and 1 × 8 Strip Electrode (right). 
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Supplementary Figure S16 | Schematic circuit diagram of a single unit cell containing two 
matched n-MOS transistors in an actively multiplexed, bioresorbable electrode array. 
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Supplementary Figure S17 | Schematic illustration of a 8×8 array of actively multiplexed 
channels, showing the entire device (left), and the unit cell design (right). 
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Supplementary Figure S18 | Schematic circuit diagram for an active shielding circuit for the 
actively multiplexed array. 
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Supplementary Figure S19 | In vitro test setup for actively multiplexed array. 
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Supplementary Figure S20 | Color map illustrating the spatial distribution of the electrode 
response, demonstrating the spatial uniformity of the gain of an actively multiplexed, 
bioresorbable electrode array and leakage current over time. 
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Supplementary Figure S21 | Photograph of an implanted 8x8 actively multiplexed array (left 
hemisphere of rat brain) and a control electrode (right hemisphere of rat brain).  
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Supplementary Figure S22 | Representative RMS power image maps from four different 
spike clusters (clockwise spiral, lower-right to upper-left diagonal, upper-left to lower-right 
diagonal, right-to-left sweep) illustrate the high sensitivity of the electrode array and the 
spatially localized nature of spikes. 
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*The amount of Si3N4 in a device is 264 mcg. The amount of ammonia generated by dissolution of the Si3N4 is 128.2 
mcg. 
*Literature studies report a geographical correlation between the prevalence of Alzheimer’s disease (AD) or various 
adverse effects on the central nervous system (CNS) in human brain and the concentration of aluminium ions (Al) in 
the brain from drinking water supplies5,6. The level of Al ions in the body can be significantly reduced by SiOH4 

(byproduct of dissolution of Si and SiO2) by forming hydroxy-aluminosilicates (HAS)6. Studies also suggest that 
silicon-rich mineral waters can reduce the burden of aluminium in both Alzheimer's patients and control group7. 
 
Supplementary Table 1 | Recommended daily intake and upper limits1 for injestion of Mo, 
P and SiO2, average daily intake of Si from food2,3, and amounts in the blood and daily 
production of ammonia for adults4.  
 
 
 
 
 
 
 
 
 
 
 

Nutrients Mo P SiO2 
Recommended 
Daily Intakes 

 
45 mcg 

 

 
700 mg 

 
5-10mg 

Upper Limits 2000mcg 4g N/A 

Element Si (Source: food) 
Average Daily Intakes 20-50 mg 

Compound Ammonia (byproduct of Si3N4) 
Amount of Daily  

Production 
            17 g 

In the blood 0.7-2 mg/L 
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