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Continuing from Ref. [18]: The mechanism(s) of PSi formation in HF is still debated.! A
definitive model to account for the difference in dissolution rates at pore tips and pore walls, in
particular for mesoporous p-type PSi, is still lacking. There is, however, a general consensus that
for p-type material transfer of electron holes leading to PSi formation is likely to take place
under moderate depletion of the majority charge carriers® (i.e. biasing cathodic of the flat-band
potential, Erg’),* and local thinning of the depleted SCL at the pore tips may here facilitate the

carrier transfer and lead to pores formation.’

During the porous etching the dissolution reaction can be considered to occur at an array of
electrodes, the pore tips, while the majority of the PSi matrix remains electrochemically inactive.
The anodization in HF requires first two electron holes to convert SilJH to Sil/OH terminations,
which are either chemically replaced by highly polar Si[IF bonds, or further oxidized by electron
holes to SiO, (i.e. electropolishing).® Competition between the kinetics of the chemical
dissolution of the Sil/F surface and the rate of silica (SiO;) formation determines whether PSi

forms or whether electropolishing occurs.’

While formation of micropores is commonly understood as due to quantum size effects,’ the
formation of larger pores is perhaps dominated by the electric field of the SCL. The various
models have been reviewed by Chazalviel and co-workers.'® For the case of macropores,
Lehmann has proposed a model in which there is diffusion current toward the surface. However,
since the electrode is under slight reverse bias, however, a field current in the opposite direction
exists. When positive potentials are applied, their effects are negligible on the diffusion current
but sizeable on the field current. The field current decreases to the extent where the dissolution
reaction is now governed by the diffusion current. Due to geometrical factors silicon dissolution
is indeed much faster at the pores tips and a porous structure forms. For highly-doped p-type
substrates, as those used in this study, mesoporous formation is however likely due to tunneling

effects.” Similar observations under moderate depletion are reported in HF-free electrolytes,



where, in a situation that closely recalls PSi formation, electrochemical passivation of pore walls

against cathodic reactions limits current flows to the pore tips only.’
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Figure S1.Cross-section SEM micrographs for as-prepared (SilJH,) p' PSi samples. (a) (LH) 6, (b) (LH)
20, and (¢) (LH) 60.
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Figure S2. Top view scanning electron micrographs for p* PSi samples (0.07 ohm cm, N = 4.8 x 10"

cm ) at a magnification of (a) X300 K and (b) x600 K.

Figure S3. Top view scanning electron micrographs for p PSi samples (0.0015 ohm cm, N, = 7.7 x

10" ¢cm"?) at a magnification of (a) X200 K and (b) x500 K.
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Figure S4. Cyclic voltammetry of SAM-1 and SAM-2 PSi
samples in 1.0 M HCIO,. (a) Voltammograms of SAM-1
samples (p'/9.0 um) in contact with a solution of pure
electrolyte in the absence of immobilized or dissolved redox
species. (b) Oxidation and reduction waves from tethered Fc
units of SAM-2 samples (p /1.0 and 9.0 um). Currents values
are normalized to the electrode geometric area (24.6 mm?®)

and scan rate (v).
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Figure S6. Cyclic voltammograms for p’, 1.0 um thick PSi electrodes (SAM-2). Scan rates values are

indicated in each plot, and current values are normalized for the electrode geometric area (24.6 mm>).

Electrolyte was 1.0 M HCIlO,.
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Figure S8. (a) Representative cyclic voltammograms (v= 10 mV s™') of SAM-2 PSi samples (p'/1.0
um) before (—) and upon (—) prolonged cyclic voltammetry analysis (~100 CV cycles) in 1.0 M
HCIO, electrolytes. The measured ferrocene coverage, normalized for the electrode geometric
electrode area, /] decreased to 4.7 x 10~ mol cm ™ (4.5 mC cm ) from 5.7 x 10 mol cm™ (5.5 mC
cm ) and AEg,y, increased only marginally to 119 from 113 mV. Peak positions were unaltered. (b-c)
High-resolution XPS scans of the Si 2p and Fe 2p region for the PSi electrode after the extensive CV

analysis. The absence of Fe(Ill) 2p emissions, generally associated to ferrocenium ion when non-

negligible SiOx species appears needs further investigation.
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